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I-General information

IH NMR spectra were determined on a 400 MHz spectrometer in CDCl; solution. Chemical shifts
are expressed in parts per million (8), and the signals were reported as s (singlet), d (doublet), t
(triplet), m (multiplet), and coupling constants J were given in Hz. 3C NMR spectra were
recorded at 100 MHz in CDCl; solution. Chemical shifts are expressed in parts per million (6) and
are referenced to CDCl; (6 = 77.16) as an internal standard. TLC was done on silica gel coated
glass slide (Silica gel G for TLC). Silica gel (60-120 mesh) was used for column chromatography.
Petroleum ether refers to the fraction boiling in the range of 60-90 °C unless otherwise
mentioned. All solvents were dried and distilled before use. Commercially available substrates
were freshly distilled before the reaction. Solvents, reagents and chemicals were commercially
purchased. All reactions involving moisture sensitive reactants were executed using oven-dried
glassware. The a,B-unsaturated tosylhydrazones 1 and ortho-hydroxymethzyl phenols 2 were
synthesized according to the reported procedure.’* The relative configuration of 4l was

assigned by the X-ray analysis.



ll-Experimental Section

1. Synthesis of a,B-unsaturated tosylhydrazones 1

a,B-unsaturated tosylhydrazones were prepared according to literature procedure.3

A solution of pure 4-methylbenzenesylfonhydrazide (5 mmol) in methanol (5 mL) was stirred and
heated to 60 °C until the 4-methylbenzenesylfonhydrazide was completely dissolved. Then a,$-
unsaturated aldehydes were slowly dropped to the mixture. After approximately 30 min, the
crude products as precipitates were obtained. The precipitates were washed by petroleum ether

and dried in vacuo to afford the pure products 1a-k.

2. Synthesis of ortho-hydroxymethzyl phenols 2

R
OH

@[ + Rugar THF.reflux ©\)\0H
CHO OH

General procedure for ortho-hydroxymethzyl phenols.* RMgBr (2.0 equiv) was added into a
solution of salicyclaldehyde (1 equiv) in THF at 0 °C. The mixture was refluxed for about 5 hours.
The reaction was quenched with 2mL saturated NH,4Cl solution, and the mixture solution was
transferred to a separatory funnel. The aqueous layer was extracted with 4mL EtOAc. The
organic layer was separated. The combined organic layers were dried over Na,SO, and
concentrated under reduced pressure. The residue was purified by recrystallization to provide

the desired products 2 (40-80% vyields).



llI-Optimization of the Reaction conditions

Table 1. Optimization of reaction conditions

NNHTs
OH base ( Sequlv)
solvent temp.

Ph\ﬁ

@\»m

Ph
OH

1a 2a 3a’

entry? base solvent/temp(°C) 3a yield (%)? 3a/3a’c
1 Cs,CO3 1,4-dioxane/60 70 >20:1
2 K,COs3 1,4-dioxane/60 68 >20:1
3 Na,CO; 1,4-dioxane/60 55 >20:1
4 Cs,CO; THF/60 62 >20:1
5 Cs,CO4 Toluene/60 48 >20:1
6 Cs,CO; (CH,CI),/60 23 >20:1
7l Cs,CO, 1,4-dioxane/90 92 >20:1

9Reaction conditions: a,B-unsaturated N-tosylhydrazone 1a (0.22 mmol, 1.1 equiv), ortho-hydroxybenzyl alcohol 2a (0.2
mmol, 1 equiv), base (0.6 mmol, 3.0 equiv) in 1 mL solvent for 12 hours. bIsolated yield. ‘Determined by 'H NMR analysis
of the crude reaction mixture. 9For 4 hours.
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1H NMR spectroscopy of the crude reaction mixture (1a +2a)

2j171226-chun-xizong

Zj171226
/
N\N )
Ph Ph
H NNHTs N phﬂ
Ny OH base (3 equiv) NN ph N-
Ph * solvent, T = + Q_<
6.64 ppm o o o
1a 2a 3a 3a
6.50 ppm
3a

/ 6.53 ppm
]
I 3a'

the value of 3a/3a’ was about > 20:1.



IV- General Procedure

1. Procedure for the cascade Reaction

o,B-unsaturated N- tosylhydrazones 1 (0.22 mmol), ortho-hydroxymethzyl phenols 2 (0.2 mmol),
Cs,CO3 (0.6 mmol) and 1,4-dioxane (1 mL) were added into a tube. The mixture was stirred at 90
°C for 4-8 hours. After cooling to room temperature, the mixture was quenched with NH,CI
saturated aqueous solution (2 mL) and extracted with CH,Cl, (3 x 2 mL). The combined organic
phase was dried over Na,SO,, and then organic solvents were removed in vacuo. The residue was
purified by flash column chromatography on silica gel with ethyl acetate/petroleum ether (1:15-
1:10, V/V) as the eluent, affording the desired products 3 and 4, which were characterized by H

and 13C NMR spectroscopy, HRMS.

2. Procedure for the gram scale reaction (for Scheme 5)

NNHTs
C52CO3
1 4 diioxane OH

90°C,4h

5 | R=H3a147g( 90%
5.5 mmol mmol =MeO 41 1.62 g (91%)

o,B-unsaturated tosylhydrazones 1 (5.5 mmol), ortho-hydroxymethzyl phenols 2 (5 mmol),
Cs,C0O3 (15 mmol) were suspended in 1,4-dioxane (10 mL) in a flask. The resulting solution was
stirred at 90 °C for 4 h. After cooling to room temperature, the mixture was quenched with NH,CI
saturated aqueous solution (40 mL) and extracted with CH,Cl, (3 x 40 mL). The combined organic
phase was dried over Na,SO,, and then the solvent was removed in vacuo to give a residue. The
residue was purified by flash column chromatography (EtOAc/hexane) to give the compounds 3a

(90% vyield) or 4l (91% vyield).

3. Synthesis of compound 5 (for Scheme 4)

OH
NNHT
NNHTs , 652603 S Ph
Ph | 1,4-dioxane ph J
+ Ph/\)
OH

90 °C 110 °C

5

The compound 5 was prepared according to the reported literature procedure.®

a,B-unsaturated tosylhydrazones 1 (0.11 mmol), ortho-hydroxymethzyl phenols 2 (0.1 mmol),



Cs,CO3 (0.4 mmol) and 1,4-dioxane (0.5 mL) were added into a tube. The mixture was stirred at
90 °C for 4 h. Next, (E)-4-methyl-N'-(1-phenylethylidene)benzenesulfonohydrazide (0.1 mmol)
was added. The system was heated at 110 °C with stirring and refluxing. After the reaction was
completed, the reaction mixture was cooled to room temperature, and the solvent was
eliminated under reduced pressure. 2mL NaOH solution (2M) and 2mL dichloromethane were
added to the residue. The aqueous phase was extracted three times with dichloromethane. The
combined organic layer was washed with brine and dried over MgS0O,. The organic solvent was
removed under reduced pressure. The residue was purified by chromatography on silica gel or

alumina eluted with EtOAc/hexane to afford the product 5 in 85% yield.

4. Synthesis of compound 6 (for Scheme 4)

OH NNHTs P

h
NNHTs Cs,CO ij NN
2003 N\ Ph
CL D, L O
Ph 90 °C 110 °C o
o &
6

The compound 6 was prepared according to the literature procedure.®

a,B-unsaturated tosylhydrazones 1 (0.11 mmol), ortho-hydroxymethzyl phenols 2 (0.1 mmol),
Cs,CO3 (0.4 mmol) and 1,4-dioxane (0.5 mL) were added into a tube. The mixture was stirred at
90 °C for 4 h. Next, (E)-4-methyl-N'-(1-phenylethylidene)benzenesulfonohydrazide (0.1 mmol)
was added. The system was heated at 110 °C with stirring and refluxing. After the reaction was
completed, the crude reaction mixture was cooled to room temperature. The solvent was
eliminated. 2mL NaOH solution (2M) and 2mL dichloromethane were added. The layers were
separated. The aqueous phase was extracted with dichloromethane three times. The combined
organic layer was washed with brine and dried over MgS0,. After the solvent was removed
under reduced pressure, the residue was purified by chromatography on silica gel with

EtOAc/hexane. The product 6 was obtained in 80% yield.

5. Synthesis of compound 7 (for Scheme 5 b)



2,6-dimethylpyridine (1.5 equiv)
O O triflic anhydide (1.2 equiv in DCM) O

OH Ar, -30 °C-0 °C, DCM ot

3a
The compound 7 was synthesized according to the reported literature.®
Triflic anhydride (21.8 uL, 0.12 mmol) in CH,Cl, (0.5 mL) was added to a solution of 3a (32.6 mg,
0.1 mmol) and 2,6-lutidine (18.6 uL, 0.15 mmol) in dry CH,Cl, (0.5 mL) under argon at -30Cfor 1
hour. And then, the reaction system reacted at 0°Cfor 1 hour. The reaction was quenched by
addition of water (0.5 mL). The solution was allowed to warm to room temperature. The layers
were separated. The aqueous phase was extracted with dichloromethane three times. The
combined organic layer was washed with brine and dried over MgS0O,. After the solvent was
removed under reduced pressure, the residue was purified by chromatography on silica gel with

EtOAc/hexane. The product 7 was obtained in 95% yield.

6. Synthesis of compound 8 (for Scheme 5 b)

7\ Pd(PPhs),Cly (10%) N
N LiCl (3 equiv), DBU (1.2 equiv) N

Ar, 145 °C, 18 h, DMF ‘5)!‘
OTf o}
7

The compound 8 was prepared according to literature procedure.® A solution of 7 (45.8 mg, 0.1

N

mmol), Pd(PPhs3),Cl, (7.01 mg, 0.01 mmol), LiCl (12.7 mg, 0.3 mmol), and DBU (18 uL, 0.12 mmol)
in dry DMF (0.5 mL), was heated at 145°C under argon for 18 h. After cooling, the dark brown
solution was transferred to a separatory funnel. Water and ether was added. The ether layer was
washed 3 times with water, dried over MgSQ,, and evaporated to dryness. The residue was

chromatographed on a column of silica gel eluted with EtOAc/hexane to 8 (60% yield).

7. Synthesis of compound 9 (for Scheme 5 b)

Ph Ph

>/ \ >/ \
N, ) N, )
N N
PhI(OAc), MeO
—
LD o w00 T
OH 0°C-rt o
3a 9

A modified literature procedure was followed.”
9



Phl(OAc); (32.2 mg, 0.1 mmol ) was added to the solution of 3a (32.6 mg, 0.1 mmol) in MeOH (1
mL) at 0 °C. The mixture was stirred at room temperature for 1 h. Then, 5 mL saturated aqueous
NaHCOj; solution was added. The mixture was extracted with DCM (3x10 mL). The combined
organic layer was dried over Na,SO,, filtered, and concentrated. The residue was purified by

silica gel chromatography (hexanes/EtOAc) to afford the product 9 as a colorless oil in 66% yield.

8. Some complementary experiments (for Scheme 5 a)

1H NMR spectroscopy of the crude reaction mixture (Scheme 4 a)
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7.6143
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DS 2
SWH B012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 32.77
oW 62.400 usec
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CHANNEL £1
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Time 20.54
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PULPROG 2930
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NS 16
s 2
swE 8012.820 Hz
FIDRES 0.125266 Hz
AQ 4.0894966 sec
RG 57.79
DW 62.400 usec
D 6.50 nsec
TE 298.3 K
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TDO 1
------- CHANNEL f1 == e
sFo1 400.1324710 muz
NUC1 1H
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TE 298.5 K
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o 1
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1

20160730

8.22
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5 mm PABEO BB,

zgpg30
65536

0
24038.461 Hz
0.366798 Hz
1.2631988 sec
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6.50 usec

2.00000000 sec
0.03000000 sec
1
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100.62282%3 MHz
13c

8.59 usec

100.6127685 MHz
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2
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7\ RG 194,26
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09 1
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FIDRES 0.122266
AQ 4.0894966
RG 77.71
oW £2.400
DE 6.50
TE 300.0
D1 1.00000000
D0 1
======== CHANNEL £1 =
SFOl 400.1324710
nucL iH
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s1 65536
SF 400.1300124
WOW
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FIDRES 0.366798
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EM

[]
1.00
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HAME 3£=5F
EXENO 1
PROCNO 1
Date_ 20160327
Ti 6.25
INSTRUM spect
PROBHD 5 mm PABEO BB/
FULPROG 2g30
D 65536
SOLVENT cocll
NS 16
DS z
SWH 8012.820
FIDRES 0.122266
4.0894966
RG 57.79
DW €2.400
DE 6.50
TE 298.3
Dl 1.00000000
00 1
——- CHANNEL £1 --.
SFO1 400.1324710
NUC1 1H
Pl 8.97
sI 65536
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NAME 3gm=Shr
EXFPRO 1
PROCNO 1
Date_ 20160327
Time 7.29
/ \ INSTRUM spect
N PROBHD 5 mm PABED Bgs
N PULPROG zg
N OH 5536
SOLVENT cobcl3
NS 16
DS 2
siH 8012.820 Hz
FIDRES 0.122286 Hz
aQ 4.0891966 sec
RG 57.73
4b Br oW 62.400 usec
e 6.50 nsec
= 296.3 &
b1 1.00000000 sec
DO 1
-------- CHANNEL £l =mmmm———
SFO1 400.1324710 MHz
NUC1 in
Pl 8.7 usec
s1 5536
sr 400.1300147 Mz
WDW EM
SSB L]
LB 0.30 Hz
GB [i]
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Tiza a.3n
d
N, )
N~ OH
4b Br
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n11 0.03000000 =ec
TDO S
= T ——
— 100, 6228293 Mz
=y 13
1 .47 ceec
51 2res
aF 100.612768% MHz
WO -
S50 o
ta 1.00 mx
h ‘ 5o o
I 2 1.40
T T T T T T T T T
160 140 120 100 ED &0 40 20 0 ppm
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NAME 3h=Sme
EXPHO 1
PROCNO 1
Date, 20160327
Time 9.38
INSTRUM spect
PROBHD 5 mm PABEO BB/
PULPROG 2g30
OH by 65536
SOLVENT cpcl3
NS 16
DS 2
SHH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
EG 32.77
4c oW 62.400 usec
DE 6.50 usec
TE 298.3 K
bl 1.00000000 sec
™0 1
CHANNEL f1
SFO1 400.1324710 MHz
NuC1 1H
31 8.97 usec
s1 65536
sE 400.1300563 Muz
WowW EM
S5B 0
1B 0.30 Hz
GB L]
J [ FC 1.00
T T T T T T T T T T T T
13 12 11 10 9 ) 4 3 2 1 0 ppm
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4 1038
T =pect
OH
0.366798 Bz
1.383118 asc
19428
4c
————— CHAMMEL £1
5Fal
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L
51
=
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558 a
1a 1.00 Mz
=] a
T 1.40
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T 1 I I T T Ll 1 1 L
180 180 140 120 100 BO ] 40 20 =i
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11.33977
7.7502
7.7467
T.7289
7.7265
7.6613
7.6557
7.4059

7.3881
7.3689
7.3597
7.3347
7.3318
7.3218
7.3164
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7.2981
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NAME e
EXPNO 1
PROCHO 1
Date_ 20160327
Time 3.12
INSTRUM spect
PROBHD 5§ mm PAEBO BE/
PULEROG 2g30

™ 65536
SOLVENT cocll

NS 16

Ds H

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894986 sec
RG 32.717

oW €2.400 usec
DE 6.50 usec
TE 298.3 K
D1 1.00000000 sec
D0 1
————— CHANNEL £1 =——m=m—mm
sFol 400.1324710 MHz
NuC1 1H

Pl 8.97 usec
sI 655316

SF 400.1300154 MHz
WDW EM

S5B [

LE 0.30 Hz
GE o

PC 1.00

e
2

20168527
4.12
apees
5 = pazmo an/
= 30
Eiae
ocld
1024
24038, 46

4
6.36E6794 m=
1.3631984

ANNEL §1 mmmmmmme

100.6228293 MHz
13c

.59 umms

2
100 612TEES Mz
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]
1.00 mx
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10.8456
7.74%90
7.7307
7.6275
7.6263
T7.6230
7.3740
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7.3367
7.2982
7.2849
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7.2071
7.0760
7.0570
65.8948
6.8931
6.8799
6.8778
6.7794
6.7133
6.7113
6.6942
6.6922
6.6138
6.6080
6.4452
2.2688
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NAME 3d
EXFPNO 1
PROCNO 1
I Date_ 20160327
N Time 5.21
INSTRUM spect
N OH FROEHD 5 mm PAEBO EE/
PULPROG zg30
™ 65536
SOLVENT €DC13
NS 18
Ds 2
4e sun 8012.820 Hz
FIDRES 0.122266 Hz
A 4.0894966 sec
G 18.6
W 62.400 usec
DE 6.50 usec
1E 298.3
o1 1.00000000 sec
D0 L

CHANNEL £1 -
400.1324710 MHz
1H

8.97 usec
65536
400.1300309 MHz
EM

0
0.30 Hz
0

1.00

13 1.2 11 10 9

3.00




THMAOON TN OM DS H N
TWOME TT A hAG D W@ T T Smmm @
WA MO O OO - D O A0 DA o4 N *
R R R T R R ] o ™
= o ~
M AOMO NGO OEm e 80 oo oo 4
WA T M e ol od O D4 0 O S IR -
HANE 3d
xemn x
20160327
a 6.2
INsTRUM azace
FROBME 5 mm PANED BES
FULFROG 25338
7\ To it
N, SOLVENT cocld
N~ OH us 1024
o= 4
24038_ 861 n=
rIDRES 0.36679 Hz
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o1 2.00000060 mmc
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1ic
8.59 uams
1278
100. E127685 Mz
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NAME 3e
EXPNO 1
7\ PROCHO 1
N Date_ 20160327
N OH Time 4.16
INSTROM spact
PROBHD  § mm PARBQ BB/
PULEROG 2930
™ 65536
SOLVENT cpcl3
OMe be 3
4f swH 8012.820 Hz
FIDRES 0.122266 Hz
a0 40891966 sec
RG 70.36
oW 62400 usec
DE 6.50 usec
E 298.3 K
1 1.00000000 sec
TDO 1
=== CHANNEL f1 ==
sFo1 4001324710 MHz
NUC1 1H
r1 8.97 usec
st 65536
SF 400.1300133 Mz
WDH M
SSB o
LB 0.30 Hz
GB 0
ec 1.00
T T T T T T T T T T T T T
12 11 10 9 8 7 6 5 4 3 2 0 rpm
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5 mm PABEO BB/
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65536
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16

2
8012.820
0.122266

4.0894966
57.7%
€2.400
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298.3 K
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0.30

o

1.00

Hz
Hz

usec
usec



o 4 04 % D 0D AT O S OO 0 S e O3 e
£ 0 D = D D D M= T= 0 00D O == m ™
MONSTr--MME O - 000N - o oMo L)
e - L Rk R RN k- T W me ™
Mmoo ]
o OV N 0D 00 D DD DD O K] .
R el L R R e e R A R R R =] - o - -mn
A A A A A A A A A A A ~rerere ~ C'><J
W an
EXPND E:
PRIOCKD 2
Dmte_ ZDiegazT
Tize 108
INSTRUM
PRIDNC
PULPROG
]
SOLVERT
OH ns
s
SWN
FIODRES
R
RrIG
e
e
4g TE
ol
oi1
ToO
mmmmmmmn CHASNEL {1 memmeme
sro1
wuc1
1
5T
ar
WO
s5m
Lm
=
rC
T T T T T T T T T
160 140 120 100 ao 1] 40 20 0 ppm
]
OCHreAPOA0OMNMOoONONTAHOMTMMME>TONOCO0NW M O o <
NOoOFFNTOYTYRFOYMTOUAIANWANNDFNMSETATAO-NDNM -~
WMo NNAANTTMONNN T OO o~ ™M
EEm e MM Mo NN NN O 0000000000000 M = 0 BR KER
Pl ol S e o o S e el e ol ol ol o o R Y- Y Y- V- R T- R R T~ Y- V) -
NAME 3i-tbuz
EXPNO 1
PROCNO 1
Date, 20160327
Time 10.42
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PROEHD 5 mm PABEO B8/
PULPROG 2930
7\ 65536
N SOLVENT cocl3
N OH NS 16
Ds 2
SWE 8012.620
FIDRES 0.122266 H:
ag 4.0894966 s¢
RG 16.03
oW £2.400 us
DE 6.50 us
= 298.3
4h g; 00000000 s¢
mmmmmm—— CHANNEL 1 mmme—
srot 400.1324710 M
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I3 8.97 us
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= 193,28
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PROCNO 1
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13.18
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PROBHD 5 mm PABBEO BE/
I\ PULPROG 3
N ™ 65536
SOLVENT €Dcll
N OH NS 16
DS 2
SwH B012.820 Hz
FIDRES 0.122266 Hz
ag 4.0894966 sec
o RG 9
. _J oW 62.400 use
4i [¢] DE 6.50 use
TE 298.0
D1 1.00000000 sec
DO 1
—mmmmmm= CHANNEL £l mmmmmm=
SFOL1 400.1324710 MH:z
NUC1
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FROCHO 1
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Tima 7.43
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PROBHD 5 mm PAEEC BA/
FULFR 2qpq3
D E5535
SOLVERT €oC13
X3 256
D3
E) 24D38.461 B
FIDRES 0.366793 K
1.3631988 s
RG 184.26
o 20.800 u
DE 6.50 ©
TE 0K
n 2.00000000 5
D11 0.03000000 5
00 1
11 mm—
sFol 100.6228293 M
wuc1 13c
Pl B.59 u
51 32763
5F 1005127685 M
WOW EN
538 [
LE 1.00 B
GB [
FC 1.40
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8.0404
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7.7732
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7.7085
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7.5073
7.4880
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7.3409
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PROBHD 5 mm PABEO BB/
PULFROG 2g30
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NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 s¢
BG 77.71
oW 62.400 us
DE £.50 ue
TE 300.0 K
o1 1.00000000 se
D0 1

CHANNEL f1
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8.97 us
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B.59 use
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100.E128732 MHz
5]

[
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10.8997
7.7796

7.7761
7.7583
7.7330
77271
7.4149
7.4111
7.3970
7.3939
7.3777
7.3386
7.3355
7.3326
7.3172
7.2506
7.2384
7.2330
7.2235
7.2098
7.1912
7.1464
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NAME 3k-p-me

EXPNO 1

FROCNO 1

Date_ 20160329

Time 14.13

INSTRUM spect

PROBHD 5 mm PAEBO BB/

PULPROG

™D £5536

SOLVENT Cocl3

NS

Ds 2

SWH 8012.820 Hz

FIDRES 0.122266 Hz

ag 4.0894966 sec

RE 77.71

oW 62_400 usec

DE 6.50 usec

TE 298.3

D1 1.00000000 sec

D0 1
CHANNEL f£1

sFo1 400.1324710 MHz

Nucl 1H

P1 8.97 usec

s1 £5536

SF 400.1300136 MHz

WOW EM

SSE ]

LE 0.30 Hz

=] 0

eC 1.00

-mn
o)

HAME Ik-p-ra
oD 2
FROCHD 1
Cuta_ 20180327
Time 1444
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=l 13C
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51 az74
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= M
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10.8942
7.6862
7.6679
T.6247
7.6190
7.3243
T7.3061
7.2869
7.2473
T.2292
7.20289
7.1822
T7.1748
7.1548
7.1361
6.9323
6.9124
6.8500
6.8317
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6.3486
3.6704

T ————

/
NG
N OH
MeO
4
J L
T T T T T T T T T T T T T
12 b3l 10 9 8 7 [3 5 4 3 2 1 0 ppm
o (=]
o (=]
— L]
VMM oOmMOoOsOoOSeno Ao
OO~ NN QWO o~ L ol == o
MO NMNOOOEW o nMmYe ™ o ™
HOOT A CMe O 0000 R Ry Bl Y
L N R Mmoo o~
N AN AO OO oM L S I *
MDOMO MMM EANNNN A SO -~ r~ W, Y
B [ [ I g e e S G e [l a1 [
!
N. )
N° OH
MeO
4
, . Aals o R
T T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm

36

an
(LD

3jmmmome
1

5
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S mm PABEO BE/
2g30

655316

cDCl3

16

2
8012.820
0.122266

4.0894966
32.77
€2.400
6.50

——— CHANNEL f1 =-

SFO1 400.1324710
NUC1L 1H
Pl 8.97
s1 536
SF 400.1300440
WDW EM
558 o
LB 0.30
GE ]
PC 1.00

HAME 3-poma
EXPHO 2
FROCHD L
Data_ 20160329
Tima 15.17
IRSTRUM speet
PROBED 5 mm PABBO BB/
PULFROG zgpg20
™ 65536
SOLVENT coell
NS 512
DS a
SHH 24038 .461
FIDRES D.366758
g 1.3631368
RE 154.26
DR 20.E00
DE 6.50
TE 298.3
DL 2.00000000
DLl 0.03000000
DO T

mmmmmn CEANHEL 1

SFO1 100.6225293
NDC1 13¢
Pl 5.53
sI 32768
SF 100.612TEES
WDW EM
588 [
LB .00
cE ]
FC 1.40

298.3 K
1.00000000
1
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sec
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NAME 31-345¢
EXPNO 1
PROCNO i
Date_ 20160328
Tine 20028
INSTRUM spect
PROBHD 5 mm PAEBO BB/
PULPROG zg30
™ 55536
SOLVENT coels
NS 16
Ds 2
OH SWH 8012.820 Hz
FIDRES 0.122266 #z
F. a0 4.0894966 sec
RG 32.77
oW 62.400 use
DE 6.50 use
F TE 2983 &
o1 1.00000000 sec
F 4am DO 1
------- CHANNEL £f1 ==
sFoL 400.1324710 Mz
Nuci i
r1 8.97 use
s1 55536
sF 100.1300487 Mz
WDW
SSB Q
LB 0.30 Hz
GB 0
.ﬂ PC 1.00

T T T T T T T T

8 7 6 5 4 3 2 1 0 ppm
P o ] i e e e
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MM DR N T -0 W T
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F
F
F o am
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o
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10.5150

7.6984
7.6808
T.6780
7.4372
7.4313

T.2297
T.2266
T7.2108
T7.2068
T.1867
7.1722
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T7.1418
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6.4639
6.4581
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HAME 160730=5¥Cmup
EXPHO 1
PROCNO 1
pate_ 20160730
Time 828
INSTRUM spect
PROBHD 5 mm PABEO EB/
PULPROG 2930
™ 65536
SOLVENT cocli
: 16
DS 2
SWH 8012.820 H
FIDRES 0.122266 H
AQ 4.0834966 =
G 70.36
oW 62_400 u
DE 6.50 u
TE 300.0 K
D1 1.00000000 =
D0 1
-------- CHANNEL £l m—m==
srol 400.1324710 M
nuCl i
pl 8.97 u
ST 65536
SF 400.1300391 M
WOW EM
SSB 0
18 0.30 ®
GB 0
e 1.00
160730-5¥C-up
2
20160730
.az
pect
5 mn PAEEO BB/
zgpg30
£3535
coCL3
256
o
24032 _481 Hz
0.365738 Hz
1.353196E sac
AC 194.26
oW 20.E00 uss
E 5.50 usé
= 300.0 K
ol 2.00000000 s8¢
[ 0.03000000 s8¢

WOW
338 [
18 L.o0
o2 o
FC 1.40

g 100.612ETLS MH:
EM

Hz



11.4941
7.7798
7.7606
7.5062
7.5006
7.4236
7.4050
7.3859
7.3352
7.3167
7.2985
7.2429
7.21986
7.2004
7.1243
7.1060
7.0112
6.9910
6.B485
6.8115
6.5276
6.5221
5.0755
5,0580
5.0531
5.0358
2.5451
2.5318
2.5202
2.5099
2.4961
2.4874
2,2391
2.2314
2.2214
2.2153
2.2041
2.1984
2.1803
0.9262
0.3080
0.88%86
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NAME 3m-et
EXPND 1
PROCNO 1
Date_ 20160329
Time 19.22
INSTRUM spect
FROEHD 5 mm PARBO BE/
PULPROG 2g30
/ \ o 65536
N SOLVENT cocll
~ NS 16
OH DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
A0 4.0894966 sec
RG 32.77
oW 62.400 usec
40 DE 6.50 usec
TE 298.3 K
D1 1.00000000 sec
™00 1
-—————-= CHANHEL fl ===—m—===n
sFo1 400.1324710 Muz
Nuci 18
151 8.97 usec
SI 65536
SF 400.1300166 MHz
WDW M
SsB o
1B 0.30 Hz
=3 [
ec 1.00
. J
T T T T T T T T T T T
13 12 11 10 5 4 3 2 1 0 ppm
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B ke E ek a Rl kn ki - ™ - (_){J
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] 2
FROCND 1
Date_ 20180328
Time 1943
IRSTRIN xpact
ROME S =m FABEO DO/
PULFROG 232330
7\ ™o siile
SDLVENT @c11
N s 812
N OH os 4
sHm 24038_481 Nz
rIceEs 0_3EE798 Nz
1_SEI19BE amc
G 184,28
20_m00
oE £.50
40 ™ 298.3
[ 260000000
p11 63000000
™o 1
mmmmmmmn CHARHEL £ mmmmmmmm
sroz 1006278293 Hiz
o=
I
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5T
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ssm
m
=
v
"
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11.3639%

7.7084
7.6895

7.4836
7.3387
7.3183
7.3001
7.2480
7.2308
T42133
7.14986
7.1270
7.1081
7.0685
7.0498%
6.9264
6.9066
6.7801
6.7615
6.7445
6.4672
4.2717
4.2470

|
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2.0373
2.0319

0.6470
0.6370
~0.3165
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HAME 3n-cp
EXPNO 1
PROCNO 1
Date_ 20160329
Time 20.00
INSTRUM =pect
PROBHD S mm PABED BB/
PULPROG 2g30

0 65536
SOLVENT cocl3

NS 1

DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
aQ 4.0894966 sec
RG 2.7

oW 62400 usec
DE 6.50 usec
1E 298.3 K
D1 1.00000000 sec
™0 1

SF 400 00523 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
BC 1.00

An-cp
3

1
0180323
20,07

a
T4038. 441 Mz
0.385798 Mz
1.3831988 mec

Z.00000000 mec
503000000 mec
1

\N
N° OH
4p
T T T T T T T T T T T T T
12 11 10 ] 8 7 6 5 4 3 2 1 ppm
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EXPND
FROCND
Datm_
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INSTRIN
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N
~ SOLVENT
N°  OH s
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SN
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"
e
=
4p o=
T
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D11
=11}
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7.7826
7.7792
T.7614
7.7455
T.7302
7.7244
7.438B8
7.4178
7.4147
7.3963
7.3769
7.3378
7.3189
7.3137
7.3017
7.2972
7.2936
7.2823
7.2721
7.2677
7.2548
7.1998
7.1798
7.1643
7.1470
7.0445
T7.0245
6.9577
6.9551
6,9391
6,9366
6.9206
6.9180
6.8931
6.8842
6.8732
6.6725
65,6666
6.4619
2.3991
1,7761
1.7582
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HAME
EXPNO
PROCKO
Date_
Time
INSTRUM
PROBHD
PULPROG

SOLVENT
N

mmmmmmme CHANNEL

SFOL
NUCL

1.26
2

155.9236
152.0365
139, 0228
132.5928
132.1261
131. 2899
130.7454
129.4453
129.2671
129.2504
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127.7723
126.2773
125.4330
119.8783
102.6276
77.3850
17.0470
76.7298
—59.6202
—_22.7275

~—66.0723

é
\
<

Ph
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1
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VI-Structure of compound 4l

CCDC 1582529 (compound 4l) contains the supplementary crystallographic data for this paper. These
data can be obtained by free of charge on application to the Director, CCDC 12 Union Road,
Cambridge CB2 1EZ, UK (fax (+44) 1223-336033; or e-mail deposit@ccdc.cam.uk) or via

www.ccdc.cam.ac.uk/data request/cif

Table 1. Crystal data and structure refinement for Compound 4l

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group
a/A
b/A
c/A
a/°
B/
v/°
Volume/A3
z
pcalcg/cm3
pu/mm-1
F(000)

Crystal size/mm3
Radiation
20 range for data collection/®
Index ranges
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2
Final R indexes [I>=20 (1)]
Final R indexes [all data]
Largest diff. peak/hole / e A-3

a4
Ca3H20N,0;
356.41
293.1(3)
monoclinic
P2,/c
9.34970(18)
9.15478(16)
21.8715(4)
90
92.8985(15)
90
1869.68(6)
4
1.266
0.649
752.0
0.8x0.35x0.2
CuKoa (A =1.54184)
9.472 to 145.056
-11<h<11,-7<k<11,-17 <1226
10657
3641 [Rint = 0.0325, Rsigma = 0.0244]
3641/0/246
1.027
R1 = 0.0505, wR2 = 0.1394
R1=0.0574, wR2 = 0.1512
0.22/-0.24
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