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Fig. S1. The adsorption/desorption isotherm for palladium nanoparticles supported on CCPIL

Experimental Section

General

Solvents, reagents and chemicals were purchased from Merck, Fluka, Acros and Sigma
Aldrich Chemical Companies. Liquid NMR was obtained on a DMX-250 and DMX-400 MHz
Bruker Avance instrument using CDCl; as solvent and TMS as internal standard. X-ray
diffraction (XRD, D8, Advance, Bruker, axs) spectrum was used to characterize the catalyst.
Transmission electron microscope (TEM) analyses were performed on a Philips model CM 10
instrument. The amount of palladium on CCPIL was determined by ICP analyzer (Varian, Vista-
pro). Thermogravimetric analysis was conducted from room temperature to 800°C in an oxygen
flow using a NETZSCH STA 409 PC/PG instrument. The surface area of the prepared materials
was determined by the nitrogen sorption analysis (Belsorp, BELMAX, Japan). FT-IR spectra
were recorded using a Brucker Vecktor 22 instrument after mixing of samples with KBr.



Gram-scale preparation of phosphinite-functionalized IL supported on the sheets of clay
(CCPIL):

The epoxy-functionalized clay was prepared by the method reported in the literature.™
Typically, the glycidylpropyltrimethoxy silane (11.1 mmol) was added to a stirred solution of
MgCl,.6H,0 (8.3 mmol, 1.68 g) in ethanol (50 mL). Sodium hydroxide solution (200 mL, 0.05
M) was added quickly and the white suspension stirred for 24 h at room temperature. The
precipitated white solid was isolated by centrifugation, washed with water (3 x 50 mL) and
ethanol (1 x 50 mL) and dried at 65 °C in air atmosphere. In order to build up the ionic moiety
on the surface of the clay, the epoxy-functionalized clay (1 g) was dispersed in CH,Cl, (10 mL)
by sonication (5 min). 1-Methyl imidazole (5 mmol) was added to the reaction vessel followed
by diphenyl phosphine chloride (5 mmol) and allowed the reaction to stir at 60 °C for 24 h under
argon atmosphere. The resulted material was separated by simple filtration. Subsequently,
washing with CH,Cl, in a Soxhlet apparatus for 24 h and drying by evacuation gave the desired

organic-inorganic hybrid material.

Gram-scale preparation of palladium nanoparticles deposited on supported IL on the

sheets of clay:

Powdered CCPIL (1g) was dispersed in an aqueous solution of PdCI, (100 mL, 1 mM) and
stirred at room temperature for 24 h. The clay material was separated by simple filtration.
Washing the composite with water in a Soxhlet apparatus for 24 h and drying under vacuum at

50°C for 24 h gave the target material 3.
General procedure for Suzuki-Miyaura reaction:

Aryl halide (1 mmol) and phenyl boronic acid (1.2 mmol, 0.147g) were added to a flask
containing the catalyst (0.01 g of the catalyst, 7.2 x 10* mmol of palladium) and NaOH (1.5
mmol, 0.06 g) on water (3 mL). The mixture was stirred at 80 °C in air. After completion of the
reaction (monitored by TLC or GC), ethyl acetate (15 mL) was added to the reaction vessel. The
catalyst was separated by simple filtration. Column chromatography on silica gel eluted with the
appropriate solvent gave the desired product in excellent yields (Table 1).



Recycling of the catalyst in Suzuki-Miyaura reaction:

After completion of the reaction in the first run, the aqueous solution was removed by a
syringe. Ethyl acetate (5 mL) was added to the reaction mixture to extract the organic
compounds. The ethyl acetate solution was removed by a syringe and the remained catalyst was
dried under nitrogen flow. After complete drying, the catalyst was charged again into the vessel
containing the reacting substrates and the reaction was performed under similar conditions as

mentioned above. This recycling was repeated for five consecutive runs.
General procedure for Sonogashira-Hagihara reaction:

Aryl halide (1 mmol) and phenylacetylene (1.5 mmol, 0.18 mL) were added to a flask
containing Pd-nanoparticles-clay catalyst (0.01 g, 7.2 x 10" mmol of palladium) and KOAc (1.5
mmol, 0.147 g) in polyethylene glycol 400 (PEG400, 2 mL). The mixture was stirred at 80 °C in
air. After completion of the reaction (monitored by TLC or GC) water (10 mL) and ethyl acetate
(10 mL) were added to the reaction mixture and decanted. The organic phase was dried over
anhydrous Na,SO, and filtered. The organic solvent was removed under vacuum and the
resulting residue was purified by column chromatography on silica gel using the appropriate

solvent to yield the desired pure product (Table 4).

Typical procedure for Mizoroki-Heck reaction:

Bromobenzene (1 mmol, 0.1 mL) and n-butyl acrylate (1.5 mmol, 0.21 mL) were added to a
flask containing the catalyst (0.05 g, contains 0.0045 mmol of palladium) and "PrsN (1.5 mmol,
0.29 mL). The mixture was stirred at 130 °C in the air. After completion of the reaction
(monitored by TLC), ethyl acetate (15 mL) was added to the reaction vessel. The catalyst was
separated by simple filtration. Water (3 x 15 mL) was added to the ethyl acetate phase and
decanted. Then, the organic phase was dried over anhydrous Na;SO, and filtered. Evaporation of
the solvent gave a residue which was purified by column chromatography on silica gel eluted

with the appropriate solvent to give the desired product in a high yield (Scheme 3).



Reference:
S1. N. T. Whilton, S. L. Burkrt, S. Mann, J. Mater. Chem. 1998, 8, 1927.

NMR data:

(6a): '"H NMR (CDCls, 400 MHz): & (ppm): 7.55-7.36 (m 4H), 7.6-7.56 (m, 4H), 7.50-7.46 (m
2H); *C NMR (101 MHz, CDCls) & (ppm): 141.3, 128.9, 127.4, 127.3

(6b): *H NMR (CDCls, 250 MHz): & (ppm): 3.72 (s, 2 H), 6.78 (d, 2 H, J= 7.5 Hz), 7.25-7.72 (m,
7 H); °C NMR (62.9 MHz, CDCls) & (ppm): 115.39, 126.25, 126.40, 128.00, 128.65.

(6c): 'H NMR (250 MHz, CDCl) & (ppm): 2.43 (s, 3 H), 7.59-7.39 (m, 7 H), 7.71-7.74 (m, 2 H);
13C NMR (62.9 MHz, CDCl3) 8 (ppm): 142, 141.3, 135, 130.4, 129.9, 129.3, 128.9, 128.2, 127.6,
126.4, 125.9, 20.6.

(6d): *H NMR (250 MHz, CDCls) & (ppm): 2.32 (s, 3 H), 7.15-7.52 (m, 9 H); *C NMR (62.9
MHz, CDCl3) & (ppm): 21.11, 126.98, 127.60, 128.72, 129.49, 130.4, 141.3, 142.3.

(6e): *H NMR (250 MHz, CDCls) & (ppm): 7.61-7.57 (m 4H), 7.48-7.29 (m, 3H), 7.04-7.01 (d,
J= 8.8, 2H), 3.89 (s, 3H); **C NMR (101 MHz, CDCls) & (ppm): 159.1, 140.8, 133.8, 128.7,
128.2, 126.8, 126.7, 114.2, 55.3

(6f): 'H NMR (250 MHz, CDCls) & (ppm): 8.19 ( d, 2 H, J= 9.0 Hz), 7.63 (d, 2H, J= 9.0 Hz),
7.53 (dd, 2 H, J= 7.5 Hz, J'= 1.5 Hz), 7.43-7.36 (m, 3 H); **C NMR (62.9 MHz, CDCl5) & (ppm):

147.6, 147.0, 138.7, 129.1, 128.9, 127.7, 127.3, 124.1.

(6g): *H NMR (400 MHz, CDCls) & (ppm): 9.24 (s, 1H), 8.99 (s, 2H), 7.63-7.50 (m, 5H); *C
NMR (101 MHz, CDCl3) & (ppm): 157.3, 154.9, 134.4, 134.2, 129.4, 129.1, 127.0.

(6h): *H NMR (250 MHz, CDCls) & (ppm): 7.50-7.17 (m, 8 H).



(6i): *H NMR (400 MHz, CDCls) & (ppm): 8.8 (s, 1H), 8.60-8.58 (d, J= 4.4, 1H), 7.87-7.84 (d, J=
8, 1H), 7.58-7.55 (m, 2H), 7.49-7.33 (m, 4H); *C NMR (101 MHz, CDCls) & (ppm): 148.44,
148.26, 137.77, 136.64, 134.41, 129.11, 128.14, 127.14, 123.62.

(8a): 'H NMR (CDCls, 250 MHz): & (ppm): 7.34-7.37 (m, 6 H), 7.53-7.57 (m, 4 H); *C NMR
(CDCls, 62.9 MHz): & (ppm): 89.38, 123.27, 128.35, 129.21, 131.61.

(8b): *H NMR (CDCls, 250 MHz): & (ppm): 2.44 (s, 3 H), 7.14-7.46 (m, 9 H); **C NMR (CDCls,
62.9 MHz): & (ppm): 20.75, 86.01, 94.25, 123.01, 125.58, 128.17, 128.30, 128.35, 129.46,
131.51, 131.83, 140.19.

(8c): *H NMR (CDCls, 250 MHz): & (ppm): 2.28 (s, 3 H), 7.05-7.44 (m, 9 H); *C NMR (CDCls,
62.9 MHz): & (ppm): 21.52, 88.74, 89.58, 123.49, 128.08, 128.33, 128.46, 129.13, 131.51,
131.56, 132.51, 138.39.

(8d): *H NMR (CDCls, 250 MHz): & (ppm): 7.61 (s, 3 H), 7.26-7.63 (m, 7 H), 7.94 (d, 2 H, J=
8.5 Hz); 3C NMR (CDCls, 62.9 MHz): & (ppm): 26.63, 88.61, 92.71, 122.63, 128.19, 128.28,
128.45, 128.82, 131.69, 131.74, 136.16, 197.34.

(8e): 'H NMR (CDCls, 250 MHz): & (ppm): 7.31-7.59 (m, 7 H), 8.12 (d, 2 H, J= 7.5 Hz); *C
NMR (CDCls, 62.9 MHz): § (ppm): 87.55, 94.71, 122.09, 123.63, 124.83, 128.54, 129.28,
130.25, 131.84, 132.26, 138.64, 146.95.

(8f): *H NMR (CDCls, 250 MHz): & (ppm): 7.29-7.32 (m, 3 H), 7.45-7.48 (m, 2 H), 8.77 (s, 2 H),
9.06 (s, 1 H); *C NMR (CDCls, 62.9 MHz): & (ppm): 82.32, 96.30, 119.91, 121.75, 129.12,
131.76, 139.38, 156.66, 158.59.

(8g): *H NMR (CDCls, 250 MHz): & (ppm): 7.01-7.68 (m, 8 H); 3C NMR (CDCls, 62.9 MHz): &
(ppm): 87.30, 94.51, 128.33, 128.43, 129.20, 131.51, 132.50.



(10): *H NMR (CDCls, 250 MHz): & (ppm): 0.87-0.98 (m, 3 H), 1.30-1.45 (m, 2 H), 1.58-1.699
(m, 2 H), 4.17 (t, 2 H, J= 6.8 Hz), 6.53 (d, 1 H, J= 16.0 Hz), 7.51-7.75 (m, 4 H), 8.18 (d, 2 H, J=
8.8 Hz); *C NMR (CDCls, 62.9 MHz): & (ppm): 13.69, 19.14, 30.66, 64.88, 122.59, 124.14,
128.59, 140.58, 141.55, 166.09.



'H NMR and **C NMR Spectra:
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NAME Dr.karimi (zamani)
EXPNO 79
PROCNO 1
Date_ 20111210
Time 1k 1
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg
TD 65536
SOLVENT CDC13
NS 40
DS 0
SWH 25252.525 Hz
FIDRES 0.385323 Hz
AQ 1.2976629 sec
RG 2050
DW 19.800 usec
DE 6.50 usec
TE 298.4 K
D1 3.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C
Pl 9.00 usec
PL1 -0.90 dB
PL1W 42.02801895 W
SFO1 100.6479784 MHz
s=s=s=== CHANNEL f2 ====sz==
CPDPRG2 waltzlé
NUC2 1H
PCPD2 90.00 usec
PL2 -2.00 dB
PL12 14.16 dB
PL13 17.90 dB
PL2W 11.86359406 W
PL12W 0.28722104 W
PL13W 0.12139934 W
SFO2 400.2216009 MHz
SI 32768
SF 100.6353990 MHz
WDwW EM

_ SSB 0
LB 1.00 Hz
GB 0
BC 1.40

T T I | T 1 >N T I T T [ I

240 220 200 180 160 140 120 100 80 60 40 20 ppm

3C NMR of compound 6a
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Current Data Parameters

NAME Ghaderi-H-170
EXPNO 1
PROCNO 1

F2 - Acquisition’ Parameters

Date_ 20110305

Time 10.51
INSTRUM spect
PROBHD 5 mm Dual 13C/
PULPROG zg30

m 20702
SOLVENT CDC13

NS 10

DS 0

SWH 5175.983 Hz
FIDRES 0.250023 Hz
AQ 1.99088631 sec
RG 512

OW 96.600 usec
DE 6.00 usec *
TE 0.0 K

D1 3.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
s======= CHANNEL f] ==s=====
NUC1 1H

P1 11.70 usec
PL1 -3.00 dB
SFO1 250.1315447 MHz

F2 - Processing parameters

S1 32768
£ 250.1300000 MHz
WDW EM
SSB 0
LB 0.00 Hz
GB 0
PC 1.50

10 NMR plot parameters

cx 20.00 cm
CY 10.00 cm
FiP 10.057 ppm
F1 2515.61 Hz
FapP -0.422 ppm
F2 -105.60 Hz
PPMCM 0.52397 ppm/cm
HZCM 131.06093 Hz/cm

'H NMR of compound 6b

11



NH,

Data Par 5

Ghader1-C-64
EXPNO 1
PROCNOD 1

F2 - Acaquisition Param

Date_ 20110312
Time 10.00
INSTRUM spect
PROBHD 5 mm Dual 13C

PULPROG 29pg

60238

SWH 15060 . 241
FIDRES 0.250012
AQ 1.9999516
RG 32768
Ow 33.200
DE 6.00
TE 0.0
)1 1.00000000
di1 0.03000000
DELTA 0.89999938
MCREST 0.00000000

Hz
Hz

Sec

Sec
Sec
sec

usec

dB
aB
aB
SF02 50.1310005 MHz
F2 g parameters
32768
SF 2.8952390 MHz
WOW EM
SSB 0
B 1.00 F
6B 0
PC 1.40

10 NMR plot parameters

cx 20.00
cy 10.00
FiP 188.975
Fi 11885.62

FeP

PPMCM
HZCM

cm
cm

ppm

Hz

pom

Hz
ppm/cm
Hz/cm

3C NMR of compound 6b

12



Current Data Parameters

NAME Ghaderi-H-102
MO ONMNS 4+ WmMO S OLMMW «— ™~ oo g EXPNOD 1
NMOIT N DO NDOOMTYT W o @
e DAUMIT SO T =T UO®OMMN D 0 o o PROCNO 1
ST O OMOONSNNY Y M« WMo ~— ~
g 0 DD NN M6G 0000600 S =
PSS PSS IS IS ISISISISINSISNS NN [aViNY} ~ F2 - Acquisition Parameters
Date_ 20100525
Time 9.30
INSTRUM spect
PROBHD 5 mm Dual 13C/
PULPROG zg30
L T 20702
‘ SOLVENT coc13
| NS 10
| DS 0
) | SWH 5175.983 Hz
M FIDRES 0.250023 Hz
| AQ 1.9998631 sec
| RG 322.5
| oW 96.600 usec
,_w DE 6.00 usec
( TE 0.0 K
| D1 3.00000000 sec
_, MCREST 0.00000000 sec
| MCWRK 0.01500000 sec
\ ======== CHANNEL f] ========
| NUC1 1H
_ Pt 11.70 usec
i PL1 -3.00 dB
= SFO1 250.1315447 MHz
F2 - Processing parameters
SI 32768
SF 250.1300261 MHz
WM EM
SSB 0
A L8 0.00 Hz
/ 68 0
ol Pt e e i b e
Lf{h\[‘[ 1D NMR plot parameters
194 20.00 cm
oY 10.00 cm
FiP 10.766 ppm
- o ~ o o o F
: g 5 I E e 22555 oon
i) o ™ o o o
- 35 = Z = = F2 -172.06 Hz
= PPMCM 0.57268 ppm/cm
HZCM 143.24406 Hz/cm
T e T A R T o T —— T i T T T T T
ppm 10 8 6 4 2 0

'H NMR of compound 6d
13



ppm

Me

5
]

—129.48
128, 717

n—
o

— 7. B3

77.029

76.5

0

e

P

40

21.109

Current Data Parameters

NAME Ghader1-C-50
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters

Date_ 20100526
Time 11.14
INSTRUM spect
PROBHD 5 mm Dual 13C/
PULPROG 2gpg

0 60238
SOLVENT cDci13

NS 100

0s 0

SWH 15060.241 Hz
FIDRES 0.250012 Hz
AQ 1.9999516 sec
RG 32768

OW 33.200 usec
DE 6.00 usec
TE 0.0 K
D1 2.00000000 sec
dii 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
s======= CHANNEL f] =s======
NUC1 13C

P1 10.50 usec
PL1 -1.00 dB
SFO1 62.9015280 MHz
======== CHANNEL f2 ========
CPDPRG2 waltz1b
NuC2 1H
PCPD2 97.00 usec
PL2 -3.00 48
PL12 17.00 dB
PL13 17.00 0B
SF02 250.1310005 MHz

F2 - Processing parameters

S1 32768
SF 62.8952390 MHz
WOW EM
SsB 0
LB 1.00 Hz
6B 0
PC 1.40

1D NMR plot parameters

cx 20.00 cm

cy 10.00 cm
EiP 194,440 ppm

F1 12229.36 Hz
F2P -5.386 ppm
F2 -338.74 Hz
PPMCM 9.99130 ppm/cm

HZCM 628.40527 Hz/cm

3C NMR of compound 6d
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'H NMR of compound 6e
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NAME Dr.Gholi nejad
EXPNO 223
PROCNO 2 |
Date 20120514
Time 11.44
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg
TD 65536
SOLVENT CDC13
NS 150
DS 0
SWH 25252:525 H2
FIDRES 0.385323 Hz
AQ 1.2976629 sec
RG 2050
DW 19.800 usec
DE 6.50 usec
TE 293.6 K
D1 3.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f] ========
NUC1 13C
Pl 9.00 usec
PL1 -0.90 dB
PL1W 42.02801895 W
SFO1 100.6479784 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 90.00 usec
PL2 -2.00 dB
PL12 14.16 dB
PL13 17.90 dB
PL2W 11.86359406 W
PL12W 0.28722104 W
PL13W 0.12139934 W
SFO2 400.2216009 MHz
SI 32768
SF 100.6353990 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
o xftiit%i% BC 1.40

KL I T T I T T

T 3
200 180 160 140 120 100 80 60 40 20 ppm

3C NMR of compound 6e
16



ppm

8.31242
8.30990
8.30741
8.28457
8.27670
8.27401

%

NO,

Integral

7.75344
7.75107
7.74850

1.0000

774772
771525
7.65359
7.64664
7.62064
7.61563
751152
7.47996
7.47333
7.26254

S

1.64175

1.27038

0.0491

0.0924

| Bt dan

Current Data Parameters

NAME Ghaderi-H-101
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters

Date_ 20100523
Time 10.01
INSTRUM spect
PROBHD 5 mm Dual 13C/
PULPROG zg30

T 20702
SOLVENT coC13

NS 10

DS 0

SWH 5175.983 Hz
FIDRES 0.250023 Hz
AQ 1.9998631 sec
RG 181

oW 96.600 usec
DE 6.00 usec
TE 0.0 K

D1 3.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fi ========
NUC1 1H

P1 11.70 usec
PL1 -3.00 dB
SFO1 250.1315447 MHz

F2 - Processing parameters

51 32768
5F 250.1300000 MHz
WOW EM
SSB 0
LB 0.00 Hz
GB 0
PC 1..50

1D NMR plot parameters

CX 20.00 cm
cyY 10.00 cm
F1P 10.736 ppm
F1 2685.44 Hz
FapP =0.452 ppm
E2 ~112.99 Hz
PPMCM 0.55933 ppm/cm
HZCM 139.92139 Hz/cm

'H NMR of compound 6f

17



Current Data Parameters

NAME Ghader1-C-49
un w O NN~ M= w - EXPNO 1
o mn MW Mmoo D w ~ PROCNO 1
£ e e N e o
= B T o & o F2 - Acquisition Parameters
— - — o e e et Date_ 20100524
# f \ \ Time 10.08
\ INSTRUM spect
| 1 PROBMD 5 mm Dual 13C/
PULPROG zgpg
10 60238
SOLVENT €DC13
NS 100
0s 0
SWH 15060.241 Hz
FIDRES 0.250012 Hz
AQ 1.9999516 sec
RG 32768
W 33.200 usec
DE 6.00 usec
TE 0.0 K
D1 2.00000000 sec
N d11 0.03000000 sec
O DELTA 1.89999998 sec
Z MCREST 0.00000000 sec
MCWRK 0.01500000 sec
P1 10.50 usec
PLI -1.00 08
SFO1 62.9015280 MHz
ss=s=s== CHANNEL {2 ========
CPDPRG2 waltz16
NUC2 1H
PCPD2 97.00 usec
PL2 -3.00 dB
PL12 17.00 dB
PL13 17.00 dB
SFo2 250.1310005 MHz
F2 - Processing parameters
S1 32768
SF 62.8952390 MHz
WOW EM
SSB 0
LB 1,00 Hz
] 0
PC 1.40
1D NMR plot parameters
cX 20.00 cm
_» e YN B " TR cY 10.00 cm
TR b i o i it 4 . R FiP 177.361 ppm
Fi 11155.16 Hz
Fep -10.168 ppm
T T T T ¥ I T T T 1 T T T | B L R e | T T T T T 1 F2 -639.52 Hz
100 80 650 40 20 0 PPMCM 9.37645 ppm/cm

HICM 588.73413 Hz/cm

3C NMR of compound 6f
18
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.\ EXPNO 427
PROCNO 1

o N@ DO T OO0 uw%m”

N Date_ 20130515
Time 15.35
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT cDCl13
NS 11
ns 0
SWH B012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 2050
DW 62.400 use
DE £.50 use
TE 294.5 K
Dl 6.00000000 sec
TDO 3

mm= CHANMEL [l sssssmw
1H
14.00 use
- =2.00 dB
F ] 11.86359406 W
400.2236020 MHz
32768
400.2200000 MHz
EM
o
0.30 Hz
1]
1.00

B i e R B T T T

I
7 6 5 4 3 2 1 ppm
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-]

|
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0
1.98
9
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'H NMR of compound 6g
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134,20
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NAME Dr.Gholi nejad
EXEND 431
PROCNO 1
Date_ 20130518
Time B.36
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT cDC13
NS 217
DS o
) SWH 25252.525 He
/ FIDRES 0.385323 Hz
AQ 1.2976629 sec
RG 2050
oW 19.800 usec
DE 6.50 usec
TE 293.8 K
Dl 2.00000000 sec
pll 0.03000000 sec
TDO 1
sussssss CHANNEL f] ssssssss
13C
9.00 usec
-0.5%0 dB
42.02801895
100, 6475784 MHz
mnmmaews CHANNEL 2 s=vesse=
CPDPRGZ waltzlé
Nuc2 1H
PCPD2 90.00 usec
PL2 -2.00 dB
PL12 14.16 db
PL13 17.90 dB
PL2W 11.863594086 W
PL12W 0.28722104 W
PL13W 0.12139934 W
SF02 400.2216009 MHz
51 32768
SF 100.6353990 MHz
WDW EM
558 0
LB 1.00 Hz
GB 0
i [T SRR NS RTINS T e 1.40

T T I I I ]
240 220 200 180 160 140 120 100 80 60 40 20 ppm

3C NMR of compound 6g
20



59 oL 5L o8 58 0é S6 oot

=]

R F)
=y 0E SE 0y S'b 0s S'S

ST oz

o7

S0

7 400-T
4 6,07 -]

—

748
747
7.47
7.46
7.45
745
7.44
7.43
729
7.28
7.28
727
7.26
7.25
7.24
7.23

l7.16

000T-+

04

0ooT

0002+

000E-
000%
0005~
0009
000
0008+

'H NMR of compound 8a

21

0006+

00001+

0O00T T

000ZT -



m BER B

RERY 8

I |

1
i
"4 \ 4
]

1
T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 S0 70 50 40 20 10

f1 (ppm)

~11000

+~10000

9000

8000

7000

~6000

5000

4000

~3000

~2000

+-1000

-0

+--1000

3C NMR of compound 8a

22



O WON TN DOMNMO®D— O w (3]
OO~ DN OO AUMDOMIT NS s -
Do OWMITONVUTAUN~NUNSST OO T = ™
E DUV I IO~~~ WWOWLOLW WIS S = @
£ R A SV o SV B o S I o ¥ B Ve R e S ] <~ ~—
7777%77777 T 1
\\\l
|
(5] /
= “
\.
{
|
i g ———
) EPSE 5 i
- o < o (= o
® (=3 0 n Te] (=]
& =1 ~ @ a o
@ S o =2} o -
2 : . % o
£ - o o o T
— - T = T T T T T T T = 5=
ppm B 6 0

Current Data Parameters

NAME Ghaderi-H-84
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters

Date_ 20100210
Time 9.08
INSTRUM spect
PROBHD 5 mm Dual 13C/
PULPROG 2930
™ 20702
SOLVENT coC13
NS 10
0s 0
SWH 5175.983
FIDRES 0.250023
AQ 1.9998631
RG 406.4
DW 96.600
DE 6.00
TE 0.0
D1 3.00000000
MCREST 0.00000000
MCWRK 0.01500000

NUC1 1H
P1 11.70
PL1 -3.00
SFO1 250.1315447

F2 - Processing parameters

S1 32768
SF 250.1300226
WOW EM
SSB 0
LB 0.00
GB 0
PC 1.50

1D NMR plot parameters

cx 20.00
cy 10.00
F1P 10.433
F1 2609.70
Fop -1.020
F2 -255.18
PPMCM 0.57268
HZCM 14324405

MHZz

cm
cm

ppm

Hz

ppm

Hz
ppm/cm
Hz/cm

'H NMR of compound 8b

23



ppm

Me

Current Data Parameters

NAME Ghader1-C-35
~NO~NDO « O 0O m o~ m EXPNO 1
DUNOLOO NN = o el PROCNO 1
S OINIT MM« N o n o w ~
© -~ 9o ®I® ol S = F2 - Acquisition Parameters
S AR R TR i b Date_ 20100220

) Time 9.13

/ INSTRUM spect
PROBHD 5 mm Dual 13C/
PULPROG 2909
™ 60238
SOLVENT coc13
NS 100
0s 0
SWH 15060241 Hz
FIDRES 0.250012 Hz
AQ 1.9999516 sec
R6 4096
OW 33.200 usec
DE 6.00 usec
TE 0.0 K
01 2.00000000 sec
11 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL f1
NUCH
Pl 10.50
PLY -1.00
SFO1 62.9015280 MHz
======== CHANNEL f2 =
CPDPRG2 waltz16
NuC2 1H
PCPD2 97.00 usec
PL2 -3.00 d8
PLI2 17.00 dB
PL13 17.00 6B
SF02 250.1310005 MHz

F2 - Processing parameters

SI 32768
SF 62.8952390 MHz
WOW EM
SSB 0
LB 1.00 Hz
G 0
PC 1.40

10 NMR plot parameters

. ! X 20.00 ¢m
! | 1 IRT TN | cy 10.00 cm
i Y " Uyl s F1P 206.396 ppm
F1 12981.30 Hz
Fop -14.950 ppm
T T T T _ T T T T T T T ” T T T | T T T T T T ¥ T T ﬂuM -840 .29 Hz
150 125 100 75 50 o5 0 PHEM 11.06729 ppm/cm

HZCM 696.07965 Hz/cm

3C NMR of compound 8b
24
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Current Data Parameters

NAME
EXPNO
PROCNO

Ghaderi-H-87
1
1

F2 - Acquisition Parameters

Date_
Time
INSTRUM
PROBHD
PULPROG
0
SOLVENT
NS

Ds

SWH
FIDRES
AQ

RG

W

DE

20100221
9.32
spect

5 mm Dual 13C/
2930

20702
cbc13

10

0
5175.983
0.250023
1.9998631
228.1

96 .600
6.00

0.0
3.00000000
0.00000000
0.01500000

1H

11.70

-3.00
250.1315447

Hz
Hz
sec

usec
usec
K
sec
sec
sec

usec
dB
MHz

F2 - Processing parameters

S1 32768

SF 250.1300279 MHz
WOW EM

SSB 0

LB 0.00 Hz

GB 0

PC 1.50

1D NMR plot parameters

CXx 20.00 cm

cy 10.00 cm
FiP 10.057 ppm
F1 2515.61 Hz
FapP -0.570 ppm
F2 -142.52 Hz
PPMCM 0.53135 ppm/cm
HZCM 132.90686 Hz/cm

'H NMR of compound 8¢
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138.393
132.514

131.559

131.511

189129

128. 457
128.326
128.083
123.492

e

Me

—— 89.580

T~ 88.736

77.550
77.039
= 76.528

— 2400

Current Data Parameters

NAME Etemadi-C-56

EXPNO 1

PROCNO 1

F2 - Acquisition Parameters

Date_ 20100222

Time 10.58

INSTRUM spect

PROBHD 5 mm Dual 13C/

PULPROG 2909

T 60238

SOLVENT coci3

NS 100

bs 0

SWH 15060.241 Hz

FIDRES 0.250012 Hz

AG 1.9999516 sec

RG 32768

oW 33.200 usec

DE 6.00 usec

TE 0.0 K

D1 2.00000000 sec

d11 0.03000000 sec

DELTA 1.89999998 sec

MCREST 0.00000000 sec

MCWRK 0.01500000 sec

cmm=z=== CHANNEL fi ========

NUC1 13C

P1 10.50 usec

PL1 -1.00 dB

SFO1 62.9015280 MHz
CHANNEL 2

CPDPRG2 waltzi6

NUC2 1H

PCPD2 97.00 usec

PL2 -3.00 g8

PL12 17.00 dB

PL13 17.00 dB8

SFO2 250.1310005 MHz

F2 - Processing parameters

S 32768

SF 62.8952390 MHz

WOW EM

SSB 0

LB 1.00 Hz

6B 0

PC 1.40

1D NMR plot parameters

CXx 20.00 cm

Cy 10.00 cm

F1P 179.411 ppm

Fi 11284.07 Hz

Fap -10.510 ppm

F2 -661,00 Hz

PPMCM 9.49601 ppm/cm

HZCM 597.25354 Hz/cm

3C NMR of compound 8c
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Current Data Parameters

NAME Ghaderi-H-184
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters

Date_ 20110516

Time 10.44
INSTRUM spect
PROBHD 5 mm Dual 13C/
PULPROG zg30

T 20702
SOLVENT CDC13

NS 10

DS 0

SWH 5175.983 Hz
FIDRES 0.250023 Hz
AQ 1.9998631 sec
RG 287 .4

OW 96.600 usec
DE 6.00 usec
TE 0.0 K
D1 3.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL f] ========
NUC1 iH

P1 11.70 usec
PL1 -3.00 dB
SFO1 250.1315447 MHz
F2 - Processing parameters
SI 32768

SE 250.1300000 MHz
WOW EM

SSB 0

LB 0.00 Hz
68 0

PC 1.50

1D NMR plot parameters

CX 20.00 cm
cY 10.00 cm
FiP 10.323 ppm
F1 2582.07 Hz
FaP -0.304 ppm
F2 -76.07 Hz
PPMCM 0.53135 ppm/cm
HZCM 132.90685 Hz/cm

'H NMR of compound 8d
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Current Data Parameters

NAME Ghaderi-C-68
o) N Lo ™ EXPNO 1
3 Z8 323 2 o _
= 5 .
B B BE =R 2 F2 - Acquisition Parameters
- Date_ 20110518
| | J Time 9.44
| A \ INSTRUM spect
N/ PROBHD 5 mm Dual 13C/
PULPROG 20pg
0 60238
SOLVENT coci3
NS 100
0s 0
SWH 15060 .241 Hz
FIDRES 0.250042 Hz
AQ 1.9999516 sec
RG 32768
(@) DN 33.200 usec
DE 6.00 usec
TE 0.0 K
D1 1.00000000 sec
d11 0.03000000 sec
DELTA 0.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
=s====== CHANNEL fi ========
NUC1 13C
P 10.50 usec
PL1 -1.00 dB
SFO1 62.9015280 MHz
===ss=c= CHANNEL f2 =s======
CPDPRG2 waltz16
NuC2 1H
PCPD2 97.00 usec
pL2 -3.00 dB
PL12 17.00 dB
PL13 17.00 dB
SF02 250.1310005 MHz
F2 - Processing parameters
SI 32768
SF 62.8952390 MHz
WOW EM
SSB 0
LB 1.00 Hz
GB 0
°C 1.40
1D NMR plot parameters
cx 20.00 cm
cy 10.00 cm
FiP 209.811 ppm
F1 13196.14 Hz
FapP -7.094 ppm
— T T ———— T P2 -446.16 Hz
S5 150 125 100 50 o5 0 PMCM 10.84526 ppm/cm

HZCM 682.11505 Hz/cm

3C NMR of compound 8d
28
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L7567
17557
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17531
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17417
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17404
L7304
}7.385
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L7377
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~7256

005
0
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'H NMR of compound 8e
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ppm

Integral

ppm

9.05991
8.76990

.48293
7.47326
7.46979
7.45968
7.45700
7.45316
7.32000
7.31614
7.31360
7.30665
7.30484
7.29718
7.29354
7.29152

~

1.0000

T

1.9580

Se=—""

7.28614
7.19229

)

=N
N

\
\

5.3498

o=

1.16806

0.1214
0.1853

0.0704

0.0018

o—

Current Data Parameters

NAME
EXPNO
PROCNO

Ghader1-H-83
1
1

F2 - Acquisition Parameters

Date_
Time
INSTRUM
PROBHD
PULPROG
0
SOLVENT
NS

Ds

SWH
FIDRES
AG

RG

PL1
SFO1

20100208
9.36
spect
5 mm Dual 13C/
2930
20702
coc13
10
0
5175.983 Hz
0.250023 Hz
1.9998631 sec
181
96.600 usec
6.00 usec
0.0 K
3.00000000 sec
0.00000000 sec
0.01500000 sec

CHANNEL f1 ========

11.70 usec
-3.00 g8
250.1315447 MHz

F2 - Processing parameters

SI
SF
WOW
ss8
LB
GB
PC

32768
250.1300167 MHz
EM

0
0.00 Hz
0

1.50

1D NMR plot parameters
Ccx

20.00 cm
10.00 cm
10.500 ppm
2626.37 Hz

0.58006 ppm/cm
145.09000 Hz/cm

'H NMR of compound 8f
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Current Data Parameters

NAME Ghaderi-C-34
@ oy O P O DD — o O N T W EXPNO 1
= B8 BEBBERBRES = mBH 385 PROCNO !
8 B8 ool 383<3 & FRRR F2 - Acquisition Parameters
G s A e S el ol Date._ 20100209
/r J J Time 9.51
L/ INSTRUM spect
( PROBHO 5 mm Dua) 13C/
PULPROG 2apg
o 60238
SOLVENT coc13
NS 100
oS 0
SWH 15060241 Hz
FIDRES 0.250012 Hz
AQ 1.9999516 sec
RG 4096
oW 33.200 usec
DE 6.00 usec
E 0.0 K
D1 2.00000000 sec
911 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
=mmmmmss CHANNEL f1 ===ss=ms
NUC1 13C
Py 10.50 usec
PL1 -1.00 dB
SFO1 62.9015280 MHz
Einiiintind CHANNEL {2 ====s====
CPOPRG2 waltz16
nuc2 1H
PCPD2 97.00 usec
pL2 -3.00 0B
PL12 17.00 dB
PL13 17.00 08
SF02 250.1310005 MHz
F2 - Processing parameters
s1 32768
SF 62.8952390 MHz
WOW EM
ssB o
B 1.00 Hz
&8 0
pC 1.40
1D NMR plot parameters
ﬁr : _ _ cx 20.00 cm
L " > e adiadad 4 cy 10.00 cm
e FiP 195.807 ppm
F1 12315.30 Hz
Farp -9.485 ppm
S TR e e et i T e T o T S e me e e e S S b e e e F2 -596.55 Hz
150 125 100 75 50 25 0 PPMCM 10.26457 ppm/cm

HZCM 645.59241 Hz/cm

3C NMR of compound 8f
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Current Data Parameters

NANE Ghaderi-5 C
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters

Date_ 20081124
Time 8.37
INSTRUN spect
PAOBHO  § mm Dual 13C/
PULPROG Zapg

T0 60238
SALVENT coci3

NS 100

os 0

SHH 17006.803 Hz
FIORES 0.282327 Hz
AQ 1.7710472 sec
AG 32768

OW 29.400 usec
0E 6.00 usec
TE 0.0 K
01 1.00000000 sec
datt 0.03000000 sec
OELTA 0.89999998 sec
MCREST 0.00000000 sec
NCHAK 0.01500000 sec

======== CHANNEL f{

NuC1 13C

P1 10.50 usec
PLL -1.00 d8
SFO1 62.9015280 MHZ

===== CHANNEL {2 ====ss==

CPOPAG2 Waltzi6
Nuc2 iH
PCPD2 97.00 usec
PL2 17.00 a8
PL12 17.00 a8
PL13 17.00 dB
SFO2 250. 1310005 NHz
F2 - Processing parameters
S1 32768

SF 62.8952390 MHz
WOW EM

SS8 0

LB 1.00 Hz
c:] 0

PC 1.90

10 NNA plot parameters

CX 20.00 cm

cY 10.00 cm

FiP 200.544 ppm

Fi 12613.24 Hz

Fap -20.205 ppm
F2 -1270.78 Hz
PPMCN 11.03742 ppm/cm

HZCN 694.20105 Hz/cm

3C NMR of compound 10
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