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1. Materials and Methods

Commercially available reagents were used as redenithout further purification.
Nuclear magnetic resonance (NMR) data were colecte a Mercury 300 MHz
NMR spectrometer. Fourier transform infrared spesttopy (FTIR) data were
collected on a SHIMADZU IRAffinity-1 FTIR Spectroptometer. Elemental
analyses (C, H, and N) were obtained from CanaMamoanalytical Service, Ltd.
ESI-MS experiments were performed on a Voyager DR-Snass spectrometer
(Applied Biosystems, Foster City, CA). UltravioMigible (UV-Vis) absorption
spectra were recorded on a SHIMADZU UV-2450 UV-\&pectrophotometer.
Thermogravimetry analyses (TGA) were performed undg on a SHIMADZU
TGA-50 Thermogravimetric Analyzer, with a heatingter of 5 °C miit. High
performance liquid chromatography (HPLC) analysisswcarried out on a
SHIMADZU Prominence UFLC. Powder X-ray diffractiq’ XRD) patterns were
obtained on a BRUKER D8-Focus Bragg-Brentano X-Rowder Diffractometer
equipped with a Cu sealed tube<( 1.54178) at a scan rate of 0.2 s desplid-state
detector, and a routine power of 1400 W (40 kVn85).

2. X-ray Crystallography

Single crystal X-ray dataM{OP 1a, MOP 1b, MOP 2, andMOP 3) were collected
on a Bruker-AXS APEX-II CCD X-ray diffractometer eigped with a low
temperature device and a fine-focus sealed-tubayXsource (MK, radiation,. =
0.71073 A, graphite monochromated). Suitable siogystals were directly picked up
from the mother liquor, attached to a glass loog @ansferred to a designed cold
stream of liquid nitrogen (110 K) for data collects. Raw data collection and
reduction were done using APEX2 software.

Single crystal X-ray structure determinationM®P 4 was performed at 100(2) K on
the Advanced Photon Source on beamline 15ID-B goAne National Laboratory.
Structures were solved by direct method and refyetlill-matrix least-squares d¥f
using SHELXTI. Non-hydrogen atoms were refined with anisotragisgplacement
parameters during the final cycles. Organic hydnogimms were placed in calculated
positions with isotropic displacement parametetsesé.2 xU,q of the attached atom.
The solvent molecules are highly disordered, amelmgits to locate and refine the

solvent peaks were unsuccessful. Contributionsctitexring due to these solvent
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molecules were removed using tROUEEZEroutine of PLATON?; structures were
then refined again using the data generated.

Crystal data foMOP la: CsoH30Cu011, M = 933.82, blue prism, 0.22x0.20x0.17
mm?, monoclinic, space group2/c (No. 15),a = 13.99831(9)b = 30.543(2),c =
27.992(2) AB = 101.349(3)°V = 11721(1) &, Z = 8, D, = 1.058 g/crfy Fopo = 3808,
MoKa radiation,1 = 0.71073 A, T = 110(2)K, Bnax = 53.1°, 54362 reflections
collected, 12065 unique {R= 0.0915). FinalGooF = 0.800,R1= 0.0603,wR2=
0.1497,Rindices based on 6088 reflections with | >2sigm@aéfinement oer), 568
parametersy = 0.772 mrit. CCDC-797901.

Crystal data for MOP 1b: CyoH72CwO2S,, M = 2023.90, blue needle,
0.30x0.09x0.07 mfy tetragonal, space groug/m (No. 87),a = b = 25.160(3),c =
25.726(3) AV = 16285(3) & Z = 4,D, = 0.825 glcm, Fooo = 4144, Mok radiation,

A =0.71073 AT = 110(2)K, Bnax = 50.0°, 48691 reflections collected, 7171 unique
(Rint = 0.1608). FinaGooF = 1.026,R1= 0.0666wR2= 0.1224 R indices based on
2789 reflections with | >2sigma(l) (refinement Bf), 317 parameters, O restrainis.
= 0.585 mni. CCDC-797902.

Crystal data foMOP 2: C;18Hg6CWwN2O2g, M = 2234.05, blue prism, 0.20x0.20x0.10
mm?®, triclinic, space grou-1 (No. 2),a= 14.852(3),b = 16.673(3),c = 17.458(6)
A, o = 110.385(4)p = 103.907(4)y = 108.850(3)°V = 3518.6(15) A Z=1,D. =
1.054 g/cm, Fooo = 1148, Mok radiation,A = 0.71073 AT = 110(2)K, Brax = 52.0°,
27594 reflections collected, 13625 uniquey(R 0.0733). FinaGooF= 1.012,R1=
0.0710,wR2= 0.1361,R indices based on 5835 reflections with | I>2(Bf{nement
onF?), 574 parameters, 40 restraintss 0.656 mrit. CCDC-797903.

Crystal data foMOP 3: Cy24HoeCwOys, M = 2288.17, blue prism, 0.30x0.20x0.10
mm°, monoclinic, space groug2/c (No. 15),a = 26.047(5),b = 18.101(3),c =
33.213(6) AB = 105.478(2)°V = 15091(5) R, Z = 4, D, = 1.007 g/cm) Fogo = 4720,
MoKa radiation,2 = 0.71073 A T = 110(2)K, Bnax = 52.0°, 56618 reflections
collected, 14663 unique {R= 0.1011). FinalGooF = 1.049,R1= 0.0940,wR2=
0.2035,R indices based on 6129 reflections with | I>2(Rfinement onF?), 494
parameters, 216 restraints= 0.613 mrt. CCDC-797904.

Crystal data for MOP 4: CigH19:CWwN4O, M = 2996.42, blue prism,
0.12x0.08x0.07 mfy monoclinic, space group2i/n (No. 14),a = 15.2237(9)b =
28.909(2),c = 36.303(2) A S = 100.644(1)°V = 15701(2) A Z = 4, D, = 1.268
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g/cnt, Fooo = 6324, synchrotron radiatioh,= 0.41328 A, T = 100(2)K, @Bnax = 30.0°,
211393 reflections collected, 31563 uniqug:(R0.1063). FinaGooF=0.978,R1=
0.1196,wR2= 0.2281 R indices based on 16598 reflections with | I>2(efihement
on F2), 1510 parameters, 155 restrainis= 0.326mnT. CCDC-797905.

3. Syntheses, Reactions, and Characterizations
3.1 Synthesis of 3,3’-((5-hydroxymethyl)-1,3phenyte)bis(ethyne-2,1-
diyl))dibenzoic acid, HL

HO HO

. ® . ®
Z A FZ x
< S D O ®

COOEt COOEt COOH COOH

HO

H,L
3.1.1 1Synthesis of diethyl 23,3’-((hydroxyemthyls,-p‘lhenylene)bis(ethyne-z,1-
diyl))dibenzoate,?"
3,5-diethnylbenzyl alcoholl(2.0 g, 12.8 mmol, synthesized according to litewety,
Pd(PPh)s (300 mg, 0.26 mmol), and Cul (25.0 mg, 0.13 mmadye placed in a
250 ml three necked round bottom flask eqedppwith a reflux condenser.
Under nitrogen atmosphere and ice bath, 100 mL exfadsed triethylamine was
introduced in via cannula, and then ethyl 3-iodaoate (4.3 mL, 25.6 mmol) was
syringed into above mixture. The system was theated at 70°C for 12 h. Cooled
to room temperature, precipitates were removediltsgtion and the filtrate was
evaporated to remove most of organic solvents,aetdd with dichloromethane,
washed with saturated NaHGQvater, brine, and then dried with MgSdriltered,
and concentrated to dryness. The product was edrifly column chromatography
(hexanes/ethyl acetate, 4/1) to afford compo2rd.9 g, 85%)*H NMR (300 MHz,
CDClg): 6 8.12 (brs, 2H), 7.93 (d, 2H), 7.61 (d, 2H), 7.56s( 1H), 7.46 (brs, 2H),
7.34 (t, 2H), 4.66 (brs, 2H), 4.32 (q, 4H), 3.56s(HLH), 1.36(t, 6H).
3.1.2 Synthesis of 3,3-((5-hydroxymethyl)-1,3pkerg)bis(ethyne-2,1-
diyl))dibenzoic acidH,L
10 mL of 2 mol/L NaOH was added to a solution ofhpound2 (3.9 g, 8.6 mmol) in
100 mL THF/MeOH (v/v = 1/1), the resulting mixtuneas stirred overnight at room

temperature. Most of organic solvents were remowgdRota vapor, the resulting
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water solution was diluted to 50 mL, and concepttatCl was added to adjust the
PH value to 2. The white precipitate was colleciedshed with water, and dried
under vacuum to affordl,L (2.8 g, 82%)*H NMR (300 MHz, DMSO-g): § 8.09 (t,
2H), 7.98 (dt, 2H), 7.82 (dt, 2H), 7.70 (t, 1H)59.(brs, 2H), 7.58 (t, 2H), 5.42 (t, 1H),
4.55 (d, 2H) ppm**C NMR (75 MHz, DMSO-¢) 5 166.94, 144.56, 135.85, 132.87,
132.54, 131.87, 130.12, 130.06, 129.72, 122.87,8P289.61, 89.28, 62.34 ppmyz
(ESI) 167.07 (100%), 209.11 (59%) and 395.13, (KB%). Elemental analysis (%
calc/found: C 75.75/72.55, H 4.07/3.82). TGA waswsh inFig. S2
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3.2 Synthesis of MOP 1a
To a vial containing an N,N-diethylformamide (DEEQ mL) solution oH,L (39
mg, 0.1 mmol) and Cu(Ng*2.5H0 (27 mg, 0.1 mmol) add 44 mg of 2,6-
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dimethylpyridine (0.4 mmol). The resulting solutiomas layer with 2.0 mL of
methanol, and the vial was sealed, allowed to stdmdom temperature. 3 days later,
Prismatic crystals were collected, washed withttée IDEF and methanol, and then
dried in air (Yield: 25 mg)PXRD of as-synthesize®WlOP lawas shown irFig. S4
TGA in Fig. S3 and IR inFig. S1

3.3 Synthesis of MOP 1b

To a vial containing an dimethyl sulfoxide (DMSQQ2nL) solution ofH,L (39 mg,
0.1 mmol) and Cu(Ng2.5H,0 (27 mg, 0.1 mmol) add 132 mg of 2,6-
dimethylpyridine (1.2 mmol). The resulting solutioas layer with 2.0 mL of acetone,
and the vial was sealed, allowed to stand at renperature. 3 days later, prismatic
crystals were collected, washed with a little DM&Q acetone, and then dried in air
(Yield: 30 mg).PXRD of as synthesizddOP 1b was shown irFig. S§ TGA in Fig.
S3and IR inFig. S1

3.4 Activated MOP 1

MOP 1la or MOP 1b was soaked in methanol for 3 days (replaced wigsh
methanol three times), and then dichloromethane3fatays (replaced with fresh
dichloromethane three times). After solvent wasadésd, the solid was dried under
dynamic vacuum at 168G for 12 h (color changed from green to blue). TGA
activated MOP 1was shown irFig. S2

3.5 Synthesis of MOP 2

To a solution ofas-activated MOP 1(50 mg, MW: 1831.69, 0.027 mmol) and
DMAP (4.0 mg, MW: 122, 0.033 mmol) in dried DMF (hfL) add acetic anhydride
(25 pL, MW: 102.09, 0.26 mmol), the resulting mixture svatirred at room
temperature under Novernight. DMF was removed under high vacuum a@nro
temperature, 20 mL methanol was added; the regulgreen suspension was
centrifuged, and the supernatant was carefully mteda Fresh methanol (20 mL) was
added to the residue, stirred for a while, cengation and supernatant removal were
repeated twice, The resulted green solid was dretker vacuum to produce 55 mg
blue powder (~100% vyield). 20 mg of above blue pemaas dispersed in 10 mL of
1.0 mol/L HCI, sonicated 10 min, the resulted whitespension was collected with
centrifuge, washed with water three times, driecerog(SQ),, Filtered, and
concentrated to dryness, The product was driedrwatium (17 mg), and checked
with *H-NMR. (300 MHz, DMSO-g): 5 8.11 (brt, 2H), 7.99 (df] = 7.8Hz, 2H), 7.82
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(dt, J = 7.8Hz, 2H), 7.80 (tJ = 1.5Hz, 1H), 7.66 (dJ = 1.5Hz, 2H), 7.60 (tJ = 7.8
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A 3.0 mL inner vial containing a solution of 20 ralgove blue powder in 1.0 mL DEF
was placed inside a 20 mL outer vial containingr@lO methanol, the outer vial was
then sealed. Green block crystals were formed afidoted after the solution in the
inner vial was colorless. PXRD of as-synthesik#dP 2 was shown irFig. S TGA

in Fig. S3 and IR inFig. S1

3.6 Synthesis of MOP 3

To a solution ofas-activated MOP 1(50 mg, MW: 1831.69, 0.027 mmol) and
DMAP (4.0 mg, MW: 122, 0.033 mmol) in dried DMF (1@L) add hexanoic
anhydride (6QuL, MW: 214.3, 0.26 mmol), the resulting mixture watgred at room
temperature under Novernight. Most of DMF was removed under high wanuat
room temperature, 20 mL methanol was added; thdtmg green suspension was
centrifuged, and the supernatant was carefully mteda Fresh methanol (20 mL) was
added to the residue, stirred for a while, cengation and supernatant removal were
repeated twice, the resulted green solid was drieter vacuum to produce 61 mg
blue powder (~100% vyield). 20 mg of above blue pemaas dispersed in 10 mL of
1.0 mol/L HCI, sonicated 10 min, the resulted whstespension was collected with
centrifuge, washed with water three times, driecerog(SQ),, Filtered, and
concentrated to dryness, The product was driedrwatium (17 mg), and checked
with *H-NMR (300 MHz, DMSO-g): & 8.10 (brt, 2H), 7.99 (dt] = 7.8Hz, 2H), 7.82
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(dt,J = 7.8Hz 2H), 7.79 (tJ = 1.5Hz 1H), 7.63 (brd, 2H), 7.59 (§,= 7.8Hz 2H),
5.14 (s, 2H), 2.40 (1) = 7.2Hz, 2H), 1.56 (m, 2H), 1.27 (m, 4H) 0.85 Jt= 8.7Hz,
3H) ppm.
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A 3.0 mL inner vial containing a solution of 20 ragove blue powder in 1.0 mL DEF
was placed inside a 20 mL outer vial containingr@l0 methanol, the outer vial was
then sealed. Prismatic crystals were formed antkated after the solution in the
inner vial was colorless. PXRD of as-synthesik#dP 3 was shown irFig. S7, TGA

in Fig. S3 and IR inFig. S1

3.7 Synthesis of MOP 4

To a solution ofas-activated MOP 1(50 mg, MW: 1831.69, 0.027 mmol) and
DMAP (4.0 mg, MW: 122, 0.033 mmol) in dried DMF (hiL) add Lauric anhydride
(100 mg, MW: 382.63, 0.26 mmol), the resulting ranet was stirred at room
temperature under Novernight. Most of DMF was removed under high vaouat
room temperature, 20 mL methanol was added; thdtimg green suspension was
centrifuged, and the supernatant was carefully mteda Fresh methanol (20 mL) was
added to the residue, stirred for a while, cengation and supernatant removal were
repeated twice, and the resulted green solid wiasl dmder vacuum to produce 68
mg blue powder (~100% vyield). 20 mg of above blowger was dispersed in 10 mL
of 1.0 mol/L HCI, sonicated 10min, the resulted t@hsuspension was collected with

centrifuge, washed with water three times, driecerog(SQ),, Filtered, and
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concentrated to dryness, The product was driedruwatium (18 mg), and checked
with *H-NMR (300 MHz, DMSO-@): & 8.10 (t,J = 1.5Hz, 2H), 7.99 (dtJ = 7.8 and
1.5Hz, 2H), 7.82 (dtJ = 7.8 and 1.54z, 2H), 7.79 (tJ = 1.5Hz 1H), 7.63 (dJ =
1.5Hz, 2H), 7.59 (tJ = 7.8Hz, 2H), 5.14 (s, 2H), 2.39 (§ = 7.2Hz, 2H), 1.55 (m,
2H), 1.23-1.16 (m, 18H) 0.80 (t,= 7.8Hz, 3H) ppm.
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A 3.0 mL inner vial containing a solution of 20 ragove blue powder in 1.0 mL DEF

U"A
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was placed inside a 20 mL outer vial containingr@BlO methanol, the outer vial was
then sealed. Green block crystals were formed afidoted after the solution in the
inner vial was colorless. PXRD of as-synthesik#dP 4 was shown irFig. S§ TGA

in Fig. S3and IR inFig. S1

4. Infrared spectra (IR)
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Fig. S1IR spectra of KL and as-synthesized MOP 1a, MOP 1b, MOP 2, MC&h8,MOP 4.

5. Thermogravimetric Analysis (TGA)
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Fig. S2TGA curves of HL, activated MOP 1, and MOP 4.
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Fig. S3TGA curves of as-synthesized MOP 1a, MOP 1b, MORQP 3, and MOP 4.

6. Powder X-ray Diffraction (PXRD)

—— As synthesized MOP 1a
—— Simulated MOP 1a

2 Theta (degree)

Fig. S4 Powder X-ray diffraction (PXRD) patterns of MOP: Jmttern simulated from single crystal

structure in black; observed pattern for the prepaample in red.
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Fig. S5Powder X-ray diffraction (PXRD) patterns of MOP: Hattern simulated from single crystal
structure in black; observed pattern for the pregaample in red.
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Fig. S6 Powder X-ray diffraction (PXRD) patterns of MOP fzattern simulated from single crystal

structure in black; observed pattern for the pregaample in red.
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—— As synthesized MOP 3
—— Simulated MOP 3

2 Theta (degree)
Fig. S7 Powder X-ray diffraction (PXRD) patterns of MOP fgattern simulated from single crystal

structure in black; observed pattern for the pregaample in red.

As-synthesized MOP 4
—— Simulated MOP 4
Activated MOP 4

2 Theta (degree)
Fig. S8 Powder X-ray diffraction (PXRD) patterns of MOP phattern simulated from single crystal

structure in black; observed pattern for the prepazample in red; and observed pattern for activate

sample in blue.

7. Gas Adsorption
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Fig. S9CO,, CH,, and N sorption isotherms of activated MOP 1 at 273K (agSample used for

measurement).
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Fig. S10N, sorption isotherms of activated MOP 4 and reca/®OP 4 at 77K.

8. Absorption spectra



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

0.4 4
0.3 4
[+1]
L 0.2+
[1+]
0 -
[
2 014
< ]
00 Before reaction
1 —— After reaction
-0.14
] Cu(NO,),
D24+
500 550 600 650 700 750 800 850
A (nm)

Fig. S11 Absorption spectra of MOP 4 before (red) and aftdue) the catalytic reaction, copper
acetate (green), as well as copper nitrate (black).

9. HPLC data
Ethyl trans-2-phenylcyclopropanecarboxylate andiésisomer were separated from

the reaction of styrene and EDA with MOP-4 as gatalTheir NMR data were in

good agreement with Literatures’.
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9.1 Trans and Cis calibration
Calibration solution: 0.5 mg ethyl trans-2-phenyglopropanecarboxylate and 0.5 mg
ethyl cis-2-phenylcyclopropanecarboxylate was digsbin 1.0 mL methanol.

ID# 1

Name : Cis

Quantitative Method - External Standard

Function : f(x)=5.5734e-007*x-0.00404801

Rr1=0.9999672 Rr2=0.9999344
MeanRF:5.56899e-007 RFSD:2.699e-009 RFRSD:0.484648

FitType : Linear
ZeroThrough : Not Through
Weighted Regression  : None
Detector Name : PDA
Cone. # Cone. (Ratio] MeanArea | Area
1 1 1.000 1784938.6 1788206
100l _ 1781140
. | 1785470
5.0 2 2.000,  3593098.7 3604515
| | 3600553
4.0 _ _ 3574228
3 3.000 5419739.0/ 5431052
3.0 _ _ 5403658
20 | | 5424507
4 4.000/ 7200023.7| 7196682
1.0 _ _ 7200207
0.0 | 7203182
. 5 5.000 8952073.4 8956711
0.0 1.0 20 3.0 40 50 60 7.0 80 9.0 8959308

Area [*1076] [ | 8940201
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1ID# 12

Name : Trans

Quantitative Method : External Standard

Function : f(x)=4.1217e-007*x+0.0271351

Rr1=0.9999590 Rr2=0.9999181
MeanRF:4.17703e-007 RFSD:5.52846e-009 RFRSD:1.32354

FitTvpe : Linear
ZeroThrough : Not Through
Weighted Regression  : None
Detector Name : PDA
Conc. # Conc. (Ratio] MeanAEea Area
[#10°0] 1 1.000 2349585.3 2364642
6.0 | 2340547
. | 2343567
50 2 2.000  4763252.0 4812180
4801372
4.0 _ _ _ 4676204
3 3.000 7255235.8 7246887
3.0 , 7251092
2.0 7267729
4 4.000 9668724.4 9652383
1.0 _ _ _ 9647040
0.0 _ _ 9706750
00 02 04 06 08 10 12 14 3 R B
Area [*10"7] 11971532
9.2 First run

0.3 mL EDA (2.4 mmol) was dissolved in 5.0 mL dmtdmethane, and was added in
10 h into a stirred solution of 0.5 mL styrene, drilmg activated MOP 4 (0.024
mmol open copper sites) in 5.0 mL dichloromethanmam temperature, stirred for
another 10 h. 10 mL methanol was added, MOP 4 wespitated, collected, dried,
and used for next run. The filtrate was diluted2&D mL with methanol, and then

used for HPLC analysis.
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Sample Information

Acquired by : Admin

Sample Name : Unknown Sample

Sample [D s UNK-0001

Tray# |

Vail# t 14

Injection Volume :Sul

Data Filename : Lu-1-206-04212010_4212010_1.led
Method Filename : Shodex ORpak 60%MeOH 0.6mL.lcm
Report Filename : Defaultler

Date Acquired : 4/23/2010 2:55:56 PM

Chromatogram
Unknown Sample C:\Documents and Settings'\JOE'\Desktop'\HPLC\Luke\Diazo'\Lu-1-206-04212010_4212010_1.lcd

mAU
2000
1000-
] g 3= 2
0 i = | |PDA Multi 2
N N N N 1 N N N N 1 N N N N 1 N N N N
0.0 25 5.0 7.5 10.0
min

1 PDA Multi 2/217nm 4nm
Quantitative Results C:\Documents and Settings' JOE'\Desktop'HPLC'\Luke'\Diazo'\Lu-1-206-04212010_4212010_1.led

PDA
ID# Name Ret. Time Area Cone.
1[Cis : 4.874] 8447513 | 4,704
2| Trans 6.031 30785539 12.716

9.3 Second run

Same procedure as first run instead of 4.0 mg M@&:cdvered from first run used.

Sample Information

Acquired by : Admin

Sample Name : Unknown Sample

Sample [D : UNK-0001

Tray# |

Vail# t 15

Injection Volume :Sul

Data Filename : Lu-1-206-04222010_4222010_1.led
Method Filename : Shodex ORpak 60%MeOH 0.6mL.lcm
Report Filename : Default ler

Date Acquired 1 4/23/2010 3:49:45 PM

Chromatogram
Unknown Sample C:'\Documents and Settings'\JOE\Desktop\HPLC'\Luke'\Diazo'\Lu-1-206-04222010_4222010_1.1ed

mAU
=
! 5
10004
i s
0 = IPDA Multi 2
N N N N I ! ! ! ! I ! ! ! ! | ! ! ! !

0.0 25 5.0 7.5 10.0

min
I PDA Multi 2/ 217nm 4nm

Quantitative Results C:\Documents and Settings'JOE'\Desktop'HPLC \Luke'Diazo'\Lu-1-206-04222010_4222010_1.1cd

PDA
1D# | Name | Ret. Time | Area | Conc. |
1|Cis | 4.861| 7550692 | 4.204
2| Trans 5.972 27224140 11.248
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