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Synthesis

General Information

All commercially available reagents were used withdurther purification and all
solvents for column chromatography distilled prioruse. Thin-layer chromatography
was performed using thin-layer chromatography plésdica gel 60 fs4, Merck). Silica
gel 60 was used for column chromatography. Nucieggnetic resonance (NMR) spectra
were recorded on Bruker Avance 400 MHz spectromederg the deuterated solvent as
the lock and residual solvent as the internal esfee. In'H NMR assignments, the
chemical shift (in ppm) is given first, followedy brackets, by the multiplicity of the
signal (s: singlet, d: doublet, t: triplet, dd: ¢et of doublets, ddd: doublet of doublet of
doublets, td: triplet of doublets, m: multiplet,: lisoad singlet), the value of the coupling
constants in Hertz (Hz), the number of protons iethland finally the assignment of the
proton whereever possible. Numbering of the carégtmms of the molecular formulae
shown in the experimental section is only usedttierassignments of the NMR signals
and is not in accordance with IUPAC nomenclatudesiuAnhydrous tetrahydrofuran
(THF) and benzene were distilled over potassiunettii ether was distilled over so-
dium/benzophenone. Triethyl amine was dried ovégiwa hydride. Melting points of
solid compounds were measured on a Biichi (BUCH) Bi€iting point apparatus and
remained uncorrected. IR spectra were recordedPerkin-Elmer FT-IR 1750. Electro-
spray ionisation mass spectra (ESI-MS) were recbatea Thermo-Quest LCQ Deca.

Microanalyses were performed on a Euro elementalyaar from EuroVector.
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Synthetic Scheme and Synthetic procedures

Pd(PPhg)s, THF, Et;N

BugP, reflux, 48 h, 35%

[Cu(CH3CN)4]PFg

quantitative

Scheme S1. Synthesis of ligand and formation of compleR.

S3



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

Synthesis of.

A three-neck round-bottomed flask equipped wittoadensor and take-off was charged
with compoundst (150 mg, 109umol) and5 (62.0 mg, 142umol) under argon atmo-
sphere. After addition of 30 mL each of dry THF adiry triethyl amine, the solution
was degassed thrice by freeze-pump-thaw cyclesaHis{triphenylphosphine)palladi-
um(0) (15.0 mg, 13.amol) and tritert-butylphosphine (0.05 mL, 2Q@mol) were added
and refluxed for 48 h. The reaction mixture wasledcand solvents were evaporated
under reduced pressure. After dissolving the s@&idue in dichloromethane, water was
added. The organic layer was extracted with didm@thane (3 x 30 mL), dried over
sodium sulphate, and evaporated to dryness. Thdecproduct was purified by
chromatography using 70% dichloromethane in hexanmeluent over silica gel (R
0.37 for 0.5% ethylacetate in DCM). The receivedder product was further purified
over Bio-Beads X-S3 using tolune as eluent. Thersgdéraction contained produtt

Yield: 57.0 mg (32.8umol, 30%).Méelting point: > 300°C.

IR (KBr): v =3110, 2963, 2916, 2855, 2369, 2329, 2210, 1583),16453, 1382, 1334,
1202, 1063, 1003, 842, 800, 752, 723, 648, 593, £88 cnf.

'H NMR (400 MHz, CD,Cl,): & = 1.85 (s, 6 H, u-H), 1.87 (s, 12 H, s-H), 2.076H,
11/12-H), 2.10 (s, 6 H, 12/11-H), 2.35 (s, 3 H,1¥8H), 2.37 (s, 3 H, w-H), 2.42 (s, 3 H,
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14/13-H), 2.60 (s, 6 H, t-H), 2.62 (s, 3 H, v-H)82 (d,%J = 5.6 Hz, 1 H, b-H), 3.32 (4J

= 1.2 Hz, 1 H, a-H), 6.63 (dd) = 5.6 Hz,°J = 1.2 Hz, 1 H, c-H), 6.75 (s, 1 H, n-H), 6.97
(s, 2 H, 9/10-H), 7.03 (s, 2 H, 10/9-H), 7.28 ($449-H), 7.29 (s, 2 H, r-H), 7.32 (tdl] =
7.6 Hz,"J = 1.6 Hz, 1 H, h/i-H), 7.37 (td) = 7.6 Hz,"J = 1.6 Hz, 1 H, i/h-H), 7.44 (d)

= 8.4 Hz, 2 H, k/l-H), 7.47 (ddJ = 7.6 Hz,"J = 1.6 Hz, 1 H, g/j-H), 7.52 (s, 1 H, m-H),
7.59-7.60 (m, 2 H, j/g, 8-H), 7.62-7.69 (m, 3 H, ldk-H), 7.70 (dd2J = 8.4 Hz,"J= 2.0
Hz, 1 H, e-H), 7.88 (d®J = 8.8 Hz, 1 H, 5/6-H), 7.89 (d) = 8.0 Hz, 2 H, o/p-H), 7.96
(d,%J = 8.8 Hz, 1 H, 6/5-H), 8.02 (d) = 8.0 Hz, 2 H, p/o-H), 8.35 (d) = 8.0 Hz, 1 H,
7-H), 8.50 (dd*J = 2.0 Hz,°J = 0.8 Hz, 1 H, f-H), 8.58 (s, 1 H, 4-H), 8.63 {d,= 4.4
Hz, 2 H,B-H), 8.69 (d.2J = 4.4 Hz, 2 HB-H), 8.71 (d,2J = 4.4 Hz, 2 HB-H), 8.72 (d2J

= 4.4 Hz, 2 HB-H) ppm.

13C NMR (100 MHz, CDCly): & = 20.2, 20.6, 21.1 (2C), 21.2, 21.5 (2C), 21.8921
88.7, 89.5, 89.8, 89.9, 91.0, 93.4, 93.7, 93.9 (96)5, 115.0, 118.2, 118.4, 118.5, 120.0,
120.9, 121.8, 122.3, 123.0, 123.8, 124.0, 124.8,212125.5, 125.7, 126.2, 126.4, 126.8,
127.0, 127.5, 127.6 (3C), 128.1, 128.2, 128.5,4,2829.6, 130.5, 130.8, 131.2, 131.5,
131.6 (3C), 132.1, 132.9, 133.4, 134.1, 135.9, 113636.4, 136.9, 137.1, 137.2, 137.3,
137.6, 138.2, 138.5, 139.0, 139.2, 139.3, 139.5,(2€4.0, 145.0, 145.9, 148.8, 149.3,
149.9 (2C), 150.6, 151.2, 151.4, 152.8, 160.6,A,6162.1 ppm.

ESI-MS: m/z(%): 1735.5 (100)] + H'], calcd 1735.7; see also Figure S20.
UV-vis absor ption: Amax = 429 nmg = 4.54 x 16 L mol™ cmi* (Soret band).

Elemental analysis. Calcd for GaziHgiNgZn: C, 83.69; H, 5.28; N, 7.26.
Found: C, 83.48; H, 5.34; N, 7.07.
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Formation of comple® = [(1)Cu]PF;

To a mixture of [Cu(CHCN),]PFs (1.23 mg, 3.3Qumol) and1 (5.73 mg, 3.3Qumol) in
an NMR tube, CBCl, was added. The mixture was sonicated for 2-3 rasub
solubilise compoundlL and then analysed by NMR, ESI-MS and UV-vis. Fdreo

measurements the solvent was removed.
Yield: Quantitative. Melting point: Above 300 °C.

IR (KBr): v =3045,2916, 2852, 2375, 2281, 2213, 1630, 1582, 1545),18408, 1379,
1334, 1201, 1062, 997, 842, 798, 724, 635, 556 CAT7

'H NMR (400 MHz, CD,Cl,): 6= 1.09 (s, 3 H, Ch), 1.64 (s, 3 H, Ch), 1.71 (s, 3 H,
CHs), 1.79 (s, 6 H, siw-H), 1.80 (s, 6 H, w/s-H), 1826 H, u-H), 1.84 (s, 3 H, GN
1.86 (s, 3 H, Ch), 1.94 (s, 3 H, CH), 2.42 (s, 3 H, x-H), 2.61 (s, 9 H, v-, t-H), 5.@83 1
H, 9/10-H), 6.16 (s, 1 H, 9/10-H), 6.26 (s, 1 HI®H), 6.37 (s, 1 H, 9/10-H), 7.28-7.31
(m, 10 H, g-, -, a-, b-, k/I-H), 7.37-7.39 (m, § K+, i-, m/n-, I/k-H), 7.46-7.49 (m, 1 H,
g/j-H), 7.54 (s, 1 H, n/m-H), 7.61-7.63 (m, 1 Hy-}4), 7.67 (dJ = 4.8 Hz, 1 H, c-H),
7.85(d,3)=8.4 Hz, 1 H, 8-H), 7.88 (d) = 8.4 Hz, 1 H, d-H), 7.90 (d) = 8.4 Hz, 2 H,
o/p-H), 8.10 (dd3J = 8.4 Hz,"J = 2.0 Hz, 1 H, e-H), 8.13 (s, 1 H, f-H), 8.20 {d~ 8.4
Hz, 2 H, plo-H), 8.21 (£ = 8.8 Hz, 1 H, 5/6-H), 8.24 (d) = 8.8 Hz, 1 H, 6/5-H), 8.67
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(d,%J=8.4 Hz, 1 H, 7-H), 8.68 (d) = 4.4 Hz, 2 HB-H), 8.70 (d*J = 4.4 Hz, 2 HpB-H),
8.72 (d,3) = 4.4 Hz, 2 Hp-H), 8.84 (d3J = 4.4 Hz, 2 Hp-H), 9.00 (s, 1 H, 4-H) ppm.

3C NMR (100 MHz, DMF-d5): & = 19.5, 20.0, 20.1, 20.6, 20.8, 21.3 (2C), 21@)(2
88.9, 89.0, 89.7, 89.8, 90.1, 93.4, 93.6, 94.10,987.6, 118.3, 118.7, 118.8, 119.3, 122.0
(2C), 123.2, 123.5, 123.7, 124.1, 125.1, 125.4,8285.8, 126.3, 126.9, 127.5, 127.7,
127.8, 127.9, 128.3 (2C), 129.1, 129.9, 130.5 (3.8, 131.2, 131.3, 132.3 (2C),
132.5, 132.7, 133.0, 133.2, 133.9, 135.3, 135.6,713135.8, 136.0, 137.9 (2C), 138.2,
138.3, 138.4, 138.6, 139.4 (2C), 140.1, 140.2,3,4D41.2, 142.3, 143.7, 144.4, 145.0,
149.0, 150.0, 150.1 (2C), 150.2, 151.7, 157.2,8,5058.5, 159.4, 159.9 ppm.

ESI-MS: m/z(%): 1799.4 (100]JCu(1)]*. calcd1799.6; see also Figure S21.
UV-vis absor ption: Amax= 422 nmg = 5.09 x 1L mol™ cm™* (Soret band).

Elemental analysis: Calcd for G2iHgeiCuRsNgPZn-CHC4: C, 70.98; H, 4.49; N, 6.11.
Found: C, 71.39; H, 4.45; N, 6.57.
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Photoisomerisation Experiment S1

A argon saturated solution tfains3 (10.0 mg, 54.8 mmolmax = 315 nm) in 2 mL of
toluene was irradiated at 300 nm with high pressnegcury vapor lamp for 2 h in a
quartz cell. The resulting mixture was analysed'yNMR which indicated a 66 : 34
mixture ofcis to trans The mixture was subjected to column chromatograpter flash
silica using 10% ethylacetate in hexane as elddrg.received pureis-3 was used for a

further photoisomerisation reaction.

Photoisomerisation Experiment S2
Photoinduced isomerisation experiments were peddrim dichloromethane using a
quartz cell. Prior to the all experiments, dichloeithane was degassed and kept under

argon. All experiments were performed with a higkssure mercury vapor lamp.

Model study with cis-3

A solution of zinc tetraphenylporphyrin (Z#P) (140 umg, 0.206umol, 0.10 mM) and
cis-3 (37.5umg, 0.206umol) in 2.0 mL of degassed dichloromethane wadrpatquartz
cell under argon and irradiated at 419 nm light3@min. 72% otis-3 was converted to
trans-3 as determined from the NMR (Figure S12).

Modéd study with cis-stilbene

ZnTPP (138 umg, 0.203umol, 0.10 mM) anctis-stilbene (36.6umg, 0.203umol) in 2.0
mL of degassed dichloromethane was put in a quaitzunder argon and irradiated at
419 nm light for 30 min. No conversion was obserfreth the'H NMR spectra (Figure
S13).

Photoinduced isomerisation of cis-stilbenewith 1 and 2

1 (349umg, 0.201umol, 0.10 mM) anctis-stilbene (36.2umg, 0.201umol) in 2.0 mL of
degassed dichloromethane was put in a quartz odiruargon and irradiated at 419 nm
light for 30 min. From'H NMR, no conversion was obtained (Figure S16).irilar
experiment was performed with obtained after adding [Cu(GEN)4B(CsFs)s (182
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umg, 0.201umol). Irradiation was performed in degassed didtoethane under argon
at 419 nm for 30 min. No formation tinsisomer was detected in thid NMR as with
1 (Figure S17).

Photoinduced isomerisation of cis-3with 1 and 2

Cis-3 (37.9 umg, 0.208umol) was added td (361 umg, 0.208umol, 0.10 mM) and
placed in a quartz cell. The mixture was dissolwedlegassed 2.0 mL of dichloro-
methane and irradiated for 30 min at 419 nm ligidar argon. ThéH NMR depicts no
isomerisation tarans-3 (Figure S14).

Photoisomerisation o2 was checked separately: A mixture of [Cu¢CH)4B(CgsFs)4
(190 umg, 0.210umol) andl (365umg, 0.210umol, 0.10 mM) was irradiated at 419 nm
for 30 min under argon using degassed DCM as sblveradiation led to 72%

conversion of theis-3 as depicted from th# NMR integration values (Figure S15).

Photoinduced isomerisation of cis-3 and cis-stilbenewith 1 and 2

A mixture of1 (355umg, 0.204umol, 0.10 mM)cis-3 (37.2umg, 0.204umol) andcis-
stilbene (36.8umg, 0.204umol) was irradiated at 419 nm for 30 min in DCM. No
isomerisation was observed frdi NMR (Figure S18).

A degassed DCM solution 0.10 mM {491 umg, 0.206umol,), cis-3 (37.5umg, 0.206
umol) andcis-stilbene (37.Jumg, 0.206umol) was irradiated for 30 min at 419 nm. The
'H NMR showed 72% of conversion ais-3 whereas no conversion was obtainedcfer
stilbene at all (Figure S19).

Revergibility and Catalysis Experiment

The catalytic experiment was performed with 25 malf4he switch. A 0.10 mM solu-
tion of 2 (485 umg, 0.203umol) andcis-3 (37.0 umg, 0.203umol) was irradiated in
degassed DCM for 20 min at 419 ntH. NMR shows 45% of the#ans-3 isomer (Figure
S20). Cyclam (40.umg, 0.203umol) was added to the mixture to generhtéradiation
of the solution under similar condition did not guooce anytrans3 as observed from
integration (Figure S20).
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NMR Spectra:
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Figure S2. Partial 'H NMR (400 MHz, CDC}, 298 K) of compoundL at different

concentrations.
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Figure S3. **C NMR (100 MHz, CDGJ, 298 K) of compound.
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Figure S4. Partial'H NMR (400 MHz, CDCl,, 298 K) 0f2 = [Cu(1)]PFs.
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Figure S5. Partial*C NMR (100 MHz, DMF-d, 298 K) of2 = [Cu(1)]PFs.

8.5 7.5 6.5 3.5 4.5 3.5 25 1.5 ppm

Figure S6. Partial'H NMR (400 MHz, CBCls,, 298 K) of [Cu()]B(CeFs)a.

S12



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

de
@) c a
U\J Lt J

b
I

(b) c

llll |-, Il A

90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25

Ppm

Figure S7. Partial'H NMR of (a)1 (400 MHz, CDC4, and (b)2 (400 MHz, CRCl,).
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Figure S8. Partial'H NMR (400 MHz, CDCl,, 298 K) of a titration of compouni (1.5

mM) against Cit (a) compound; (b) compoundL + 0.5 equiv. of Cij (c) compoundL

+ 1.0 equiv. of Cli
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Figure S9. Partial 'H NMR (400 MHz, CDRCl,, 298 K) of the titration of complex
[Cu(®)]” (1.2 mM) vs. cyclam: (a) complex [C)["; (b) complex [Cul)]” + 0.5 equiv.
of cyclam; (c) complex [CuUj]” + 1.0 equiv. of cyclam.
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Figure S10. Partial'H NMR (400 MHz, CRCl,, 298 K) spectrum of (bottond)and

(top) 1 after addition of one equiv. tifans-3 (0.18 mM). The unchanged shifts of protons

a-H and b-H after addition ¢#fans-3 indicate that the system remains self-locked.
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Figure S11. *H NMR (400 MHz, CDC}, 298 K) ofcis-3.
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Figure S12. Partial'H NMR (400 MHz, CDRCl,, 298 K) spectrum showing the ratio of
ciss to trans3 after irradiation of purecis-3 (0.10 mM) in presence of zinc
tetraphenylporphyrin (1: 1) at 419 nm for 30 mirDiEM.
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Figure S13. 'H NMR (400 MHz, CDCl,, 298 K) of the mixture of ZRPP and cis-
stilbene (1: 1) after irradiation at 419 nm light 80 min in dichloromethane at 0.10 mM

(no conversion observed).
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Figure S14. Partial 'H NMR (400 MHz, CRCly, 298 K) of cis-3 (0.10 mM) after
irradiation in presence df (1: 1) at 419 nm for 30 min (0.10 mM). Nmans3 was

generated.
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Figure S15. Partial 'H NMR (400 MHz, CRCl,, 298 K) of the reaction mixture after
irradiation of purecis-3 (0.10 mM) in presence & (1: 1) at 419 nm for 30 min. 72% of

trans-3 was formed from pureis-3.
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Figure S16. *H NMR (400 MHz, CDCl,, 298 K) of a mixture ol andcis-stilbene (1: 1)
after irradiation at 419 nm for 30 min in dichlorethane at 0.10 mM (no conversion
observed). The aromatic region shows no peak @tpp& corresponding toans

stilbene.
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Figure S17. *H NMR (400 MHz, CDCly, 298 K) of the mixture o2 andcis-stilbene (1:
1) after irradiation at 419 nm for 30 min in dictdmethane at 0.10 mM (no conversion
observed). The aromatic region shows no peak &tpp# corresponding to theans-

stilbene.
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Figure S18. Partial '"H NMR (400 MHz, CDCl,, 298 K) of the reaction mixture after
irradiating cis-3 (0.10 mM) andcis-stilbene in presence df (1: 1: 1) at 419 nm for 30
min in DCM.
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no peak related to dransctilbene
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Figure S19. Partial'H NMR (400 MHz, CRCl,, 298 K) of the reaction mixture after
irradiating cis-3 (0.10 mM) anccis-stilbene in presence @f (1: 1: 1) at 419 nm for 30
min in DCM. 72% oftrans-3 is formed.
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Figure S20. Partial '"H NMR (400 MHz, CDRCl,, 298 K) of experiments checking for
ON/OFF operation. (a) Reaction mixture A obtainé&drarradiation of purecis-3 for 20
min at 419 nm in DCM in presence »{4:1); (b) Reaction mixture after irradiation (for
20 min at 419 nm in DCM) of solution A in preserafecyclam (in order to produck
from 2). Becausel is coordinated tais- andtrans3, the NMR shifts of3 appear at

different positions in the two spectra. No furtkenversion otis-3 is seen.
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ESI-M S Spectra:
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Figure S21. ESI-MS spectrum of compled + H]J".
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Figure S22. ESI-MS spectrum of complex= [Cu(1)]".
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UV-vis Spectra:
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Figure S23. UV-Vis titration of1 (0.1 mM) with 0, 0.5 and 1 equiv. of Cy2.5 mM) in
DCM at 298 K monitoring the Q band After additioi~ol equiv. of C(j, the intensity at

550 nm remains constant.
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Figure S24. UV-vis titration of2 (10 mM) with cyclam (2.5 mM) in DCM at 298 K at
the Q band. After addition of 1 equivalent of cyslahe intensity at 563 nm remains

constant.
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Binding Constant Measurements:

Log K of 1 and [Cu(CH3CN)4]PFg

A UV-Vis titration was used to determine the bingliconstant betweeh and Cd. A
solution of1 at 10° M was titrated with a IO M solution of Cii in dichloromethane.
UV-vis titrations were analysed by the nonlinearvedfitting method.AA values were
monitored at 430 nm. The equafmused for the fitting is

AA = (L*(1 + K*X + K*A) — SQRT(LM2(K*X + K*A + 1)72 — 4*KA

2*AXX*LN2)[2* K*A

with X and A representing [Guest]total and [Hod8tprespectively; L denotingA at

100% complexation; L and are parameters.
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Figure S25. Curve-fitting for determination of binding constdretweertl and Cu.
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Log K of 2 and trans-3

The binding constant was determined from a UV-iation. A solution of2 (10* M)
was titrated with a 2.5xT0M solution oftrans-3 in dichloromethane. It was analysed by

the nonlinear curve- fitting methodA value was monitored at 550 nm.
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Figure S26. Curve-fitting for determination of binding constdrgtweer? andtrans-3.
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Log K of 1 and trans-3

To determine the binding constant betwdeand trans3, the UV-vis titration method
was not suitable because bdtland [(1)(trans3)] absorb at the same wavelength. Thus,
NMR was used. A 0.135 mM solution dfwas prepared in CDgin an NMR tube. In
another vessel, a 0.162 M stock solutiontrahs-3 was prepared in the same solvent.
Small aliquots of the solution afans-3 were added. After each addition, thé NMR
was recorded and the peak at 3.32 ppm was moniforedata analysis. The binding
constant was determined using nonlinear curvexjtéipplying the following equatidfi:
Y=Y0+DY*(( K*(P+x)+1)-SQRT((K*(P+x)+1)"2)—4*K* K*P*x))/(2* K*P)

with Y = Measured Chemical shift; YO = Chemical shifteshpty host solution; DY =
Maximal change in chemical shift: the differenceclmemical shift of a fully occupied
host and an empty hod{; = Binding constant; P = Total host concentratiors Xotal
guest concentration.
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Figure S27. Curve-fitting for determining the binding constétweerl andtrans-3.
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Log K of 2 and cis-3:
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Figure S 28. Curve-fitting for determination of binding constdrgtweer? andcis-3.
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