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Experimental

General Procedure.All manipulations were performed using Schlenk teghes under an Ar atmosphere. All solvents were
dried and purified by standard procedur84R spectra were recorded on Bruker DPX-200, AV 300AV 500 MHz
spectrometersH and**C chemical shifts are given versus SiMmd were determined by reference to residdaand *C
solvent signals. Assigments of carbon atoms wesedan HMBC, HMQC and COSY experiments. High resmumass
spectra (HRMS) were performed on a MS/MS ZABSpec BDEhe CRMPO (Centre de Mesures Physiques de Itpires
Rennes. Elemental analyses were performed by MEsehdeillas at the CRMPO. UV/vis absorption spesteee recorded
using a UVIKON 9413 or Biotek Instruments XS speptrotometer using quartz cuvettes of 1 cm pathter@ompound3
was prepared according to a reported procedureelyaoy bromination of 5-methyl-thiophene-2-carbaadiyde, and was
subsequently converted into its dimethyl ac&{OMe), for further use. Compounds5a,b 2 were prepared by a Suzuki
coupling reaction between the appropriate arylbioroacid and 2,4-dibromo-5-methylthiophénéScheme S1). 4,4'-
bis(diethylphosphonomethyl)-[2,2']-bipyridind was synthesized using published procedure. Zintagcalihydrate was
obtained from Acros Organics and used as received.

Spectroscopic grade chloroform and dichloromethareze used for all optical measurements. Photoisaatén
experiments and kinetics were performed by usihtpmamatsu UV Spot Light Source (Xe-Hg lamp) as aitation light
source equipped with bandpass filters (0.63 m\W.an 365 nm; 18.6 mW. cfat 588 nm) and an optical fiber while
simultaneous probing was performed with a contisue lamp (450 W) and a CCD camera coupled witlpectsometer
(Princeton Instruments).

EFISH experiment

The values ofuf3 for the chromophores are measured using the iedigtid induced second harmonic generation (EFISH)
technique. The amplified nanosecond®NMAG laser at 1.06 um and 10 Hz repetition rate psia hydrogen Raman cell so
as to obtain a larger wavelength (1.90%) for which both the fundamental and harmonic diestries are far away from the
resonance of the investigated molecule. A SchottlR@ filter is used tdilter out any remaining visible light from the &rs
flash lamp. Suitable neutral density filters arediso control the power of the incident beam artal wave plate and
polarizer are used to set the incident polarisagiong the direction of the applied electric fidld.addition, a band pass filter
is mounted on the front of the detection PMT alorithva filter to remove any remaining radiation he tfundamental
wavelength. A high voltage (5 kV), synchronizedhwihe 1.907 um laser pulse, is applied across th8HEEell containing
the solution. The EFISH cell consists of a stainktsel container with two quartz optical windowsieh are fixed to form a
wedge shaped cavity within the cell. The interetet? distance is 2 mm, giving a static electritdfizround 25 kVerl. The

cell is mounted on an electrically isolated tratista stage. The whole cell is then translated hotaldy relative to the



incident beam to produce Maker fringes. Every meament is referenced separatelyth® Maker fringes of the pure
reference solvent used to dissolve the chromophofesiome-made computer program is used to cakeula interfringe
distance and the fringe amplitude. These dataharre tsed to calculate th@ value of the chromophore.

The zero-frequency hyperpolarisability}(0)) value is inferred from thexperimental [B(Atwo level dispersion modél:

B(0) = 1—(1—()) 1—(2::0) B(\)

value using a

wherelq is the maximum absorption wavelength of the mdkausolution, and the fundamental laser wavelength (here 1.9

pm).
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Scheme S1

5-methyl-4-(perfluorocyclopent-1-enyl)thiophene-2-arbaldehyde, 4: n-Butyllithium (2.4 M in hexane, 15.6 mmol, 6.5
mL) was added dropwise to a stirred solutiorBedMe, (3.00 g, 12 mmol) in 100 mL of THF at -78°C undenitogen
atmosphere. After 60 min, the reaction mixture wiaansferred in a Schlenk tube containing a solutioh
perfluorocyclopentené4.8 mL, 36 mmol) in 20 mL of THF. The reaction mixtusas stirred for 1 hour at -78°C, then
allowed to warm up to room temperature, and stifoecédditional 16 h. After addition of 200 mL of tea, THF was removed
under reduced pressure, and the residue was edraith CHCI, (3 x 30 mL). The combined organic phases were drieal
MgSQ,, filtered and evaporated in vacuo. The residue exaicted with 50 mL of THF. p-toluene sulfonic a@RTSA) (1.2
mmol, 228 mg) and a few drops of water were addée. reaction mixture was stirred for 16 h at 40AGer addition of

water (100 mL), THF was removed under reduced pressund the residue was extracted with,CH (3 x 30 mL). The



combined organic phases were dried over MgSilered and evaporated in vacuo and chromatdgrdpwith silica gel.
Elution with a 2:3 dichloromethane/pentane mixtuferded4 as orange crystals (1.9 g, 50%). NMR (200 MHz, CDC)):
9.87 (s, 1H, CHO), 7.76 (s, 1H, thio), 2.58 fd,.== 3 Hz, 3H, CH). HRMS: m/z 317.9924 M]* calcd for GiHsF;Os
317.9949.
4-(3,3,4,4,5,5-hexafluoro-2-(2-methyl-5phenylthiopmyl-3)cyclopent-1-enyl)-5-methyl-thiophene-2-carbddehyde,  6a.
To a solution of 3-bromo-2-methyl-5-phenylthiophéae(1.09 g, 4.43 mmol) in 50 mL of THF, which was abko -78°C,
was added dropwiseBuLi (0.92 M in hexane, 5.1 mL, 4.65 mmol). Afterrstig at -78°C for 1 h, a solution df(OMe),
(1.61 g, 4.42 mmol) in 50 mL of THF was added to thaction mixture. After stirring at -78°C for 1 mchat room
temperature for 16 h, the reaction mixture was blyded with water, and the solvent was removedaicue. The residue was
extracted with CHCl, (2 x 30 mL) and then dried over Mga@fter evaporation of the solvent, the residuange oil was
dissolved in 20 mL of THF, then PTSA (85 mg, 0.44 njnaold a few drops of water were added. After siiyiét 40°C for 16
h, the solvent was removed and the oil was purifigdolumn chromatography (SiQpentane-ethyl acetate 95 : 5) to give an
yellow oil (1.1 g, 55%)*H NMR (300 MHz, CDCJ): 9.88 (s, 1H, CHO), 7.80 (s, 1H, thio), 7.55%tl= 7.7 Hz, 2H, Pbrtho),
7.46 (m, 3H, Ph), 7.28 (s, 1H, thio), 2.05 (s, &HHs), 1.95 (s, 3H, Ch). HRMS: m/z472.0387 M]" calcd for G;H14F0S
472.0390.

4-(3,3,4,4,5,5-hexafluoro-2-(2-méthyl-B,N-dimethylaminophenylthiophenyl-3)  cyclopent-1-enyh5-methylthiophene-2-
carbaldehyde, 6b.Compoundéb was prepared according to the above proceduna, 3tw(2.10 g, 7.12 mmol) and-(OMe)2
(2.6 g, 7.12 mmol). Work-up as above gave greemauiystals (1.80 g, 50%}H NMR (200 MHz, CQCl,): 9.88 (s, 1H,
CHO), 7.80 (s, 1H, thio), 7.75 (8] = 8.8 Hz, 2H, @H.,), 7.05 (s, 1H, thio), 7.40 (d) = 8.8 Hz, 2H, @H.), 3.00 (s, 6H, NMg,
2.05 (s, 3H, Me), 1.95 (s, 3H, Me). HRM®/z515.0813 [1]" calcd for GJH;dNFs0S, 515.0812.
4,4'-bis(([E)-2-(4-(3,3,4,4,5,5-hexafluoro-2-(2-methyl-5-phenyliophen-3-yl)cyclopent-1-enyl)-5-methylthiophen-2-
yhvinyl)-2,2'-bipyridine, la(o). To a CHCI, solution (40 mL) of 6a (0.72 g, 153 mmol) and 44-
bis(diethylphosphonomethyl)-2,2’-bipyridin®.33 g, 0.73 mmol) was added a THF solution (1) ohl'BuOK (0.3 g, 2.6
mmol). The reaction mixture was stirred for 3 h.ekfaddition of water, the organic layer was washét brine and water,
dried over magnesium sulfate, filtered and conededt. Crystallization in a Gi&l,-pentane mixture affordetla as a white
powder. (0.48 g, 60%JH NMR (300 MHz, CRCL,): 8.66 (d,2J = 4 Hz, 2H, P), 8.56 (s, 2H, P, 7.60 (dJ = 7 Hz, 4H, Ph
ortho), 7.55 (dJ = 16 Hz, 2H, =CH), 7.43 (£J = 7.4 Hz, 4H, Pimetd, 7.40 (d3J = 3.7 Hz, 2H, PY), 7.36 (m, 2H, Plpara),
7.34 (s, 2H, thio), 7.22 (s, 2H, thio), 6.92 {@= 16 Hz, 2H, =CH), 2.04 (s, 6H, GH2.03 (s, 6H, CH. *C [*H] NMR (75
MHz, CD,Cl,): 156.4 (PY), 149.6 (P§), 144.9 (P$), 142.9 (Gthio), 142.4 (Gszthio), 141.6 (G-thio), 139.9 (G-thio), 133.2
(Phipsg), 129.0 (Pmetg, 125.3 (=CH), 127.9 (Rfara), 127.5 (CH-thio), 126.2 (=CH), 125.5 (@tho), 122.3 (G4thio),
120.6 (Py), 117.8 (P$), 14.6 (CH), 14.4 (CH). HRMS: m/z 1115.14670 N1+Na]* calcd for GgHzsF1oN.S;Na 1115.1475.
Anal. Calcd. for GHsgF12N,S,H,0: C, 60.53; H, 3.45; N, 2.52. Found: C, 60.793H8; N, 2.53.

Spectroscopic data of the photocyclized 1€y A solution of 1a() (150 mg, 0.137 mmol) in 100 mL of GEl, was
irradiated K = 350 nm) for 12 h. Evaporation of the solvent gaa) as a blue powder in a quantitative yield. NMR (200
MHz, CD,Cl,): 8.70 (d,%J = 4.8 Hz, 2H, ), 8.56 (s, 2H, P, 7.60 (d,3 = 7 Hz, 4H, Plortho), 7.55 (d,J = 16 Hz, 2H,
=CH), 7.43 (t3) = 7.4 Hz, 4H, Pimetd, 7.40 (d;2J = 3.7 Hz, 2H, PY), 7.36 (m, 2H, Plipara), 6.88 (d,3J = 16 Hz, 2H, =CH),
6.82 (s, 2H, thio), 6.55 (s, 2H, thio), 2.24 (s, &HH), 2.23 (s, 6H, Ch).
4,4'-bis((E)-2-(4-(3,3,4,4,5,5-hexafluoro-2-(2-methyl-B-N,N-dimethylaminophenyl-  thiophen-3-yl)cyclopent-1-ny)-5-
methylthiophen-2-yl)vinyl)-2,2'-bipyridine, 1b(0).

Compoundlb was prepared according to the above procedureridedcfor 1a, from 6b (0.78 g, 1.53 mmol) and 4,4'-
bis(diethylphosphonomethyl)-2,2’-bipyridir§.33 g, 0.73 mmol). Work-up gai® as a brown powder (0.47 g, 55 %).



'H NMR (200 MHz, CDCl,): 8.66 (d,%J = 5 Hz, 2H, P$), 8.50 (s, 2H, P, 7.55 (d,2J = 16 Hz, 2H, =CH), 7.40 (d) = 8.6
Hz, 4H, GH.), 7.35 (d2J = 3.7 Hz, 2H, PY), 7.20 (s, 2H, thio), 7.10 (s, 2H, thio), 6.823#= 16 Hz, 2H, =CH), 6.70 (d) =
8.6 Hz, 4H, GH,), 3.00 (s, 12H, NMg, 2.04 (s, 6H, Ck), 2.03 (s, 6H, Ch. HRMS: m/z 1179.24920 1+H]" calcd for
CooHaN4F155,1179.2492. Anal. Calcd. forg@HaeF1oN,S,: C, 61.11; H, 3.93; N, 4.75. Found: C, 60.91; H54N, 4.56.
Spectroscopic data of the photocyclized 1b). 1b(c) (150 mg, 0.127 mmol) was obtained as a green powmtan irradiation
(A =350 nm) of a CkCl, solution oflb(o) for 12 h.

'H NMR (300 MHz, CDCl,): 8.69 (d,%J = 5 Hz, 2H, P$), 8.57 (s, 2H, P, 7.54 (d,2J = 16 Hz, 2H, =CH), 7.52 (d) = 8.6
Hz, 4H, GH,), 7.40 (d,3) = 3.7 Hz, 2H, PY), 6.82 (d,%J = 16 Hz, 2H, =CH), 6.73 (d) = 8.6 Hz, 4H, GH,), 6.62 (s, 2H,
thio), 6.53 (s, 2H, thio), 3.10 (s, 12H, NWe2.18 (s, 6H, Ch), 2.16 (s, 6H, CH).

Preparation of 2g0) To a CHCI, solution (40 mL) ofla (471 mg, 0.43 mmol) was added Zn(OA2)H,O (95 mg, 0.43
mmol). The reaction mixture was stirred for 16 maatm temperature. The solvent was then evaporatédystallization of
the residue in a Cj€l,/pentane mixture afforded a black powder (0.515 95§5).

'H NMR (500 MHz, CDC})): 8.80 (br. d, 2H, P, 8.24 (s, 2H, P}, 7.62 (m, 8H, =CH, Pbrtho and PY), 7.43 (1) = 7.4
Hz, 4H, Phmetg, 7.34 (s, 6H, Ppara, thioH*, thioH'), 6.90 (d2J = 16 Hz, 2H, =CH), 2.07 (s, 6H, GH2.05 (s, 6H, CH),
2.03 (s, 6H, OAc)C [*H] NMR (75 MHz, CDCl,): 180.1 (CO), 149.35 @y, C-Py), 148.9 (&Py), 144.5 (G-thio),
142.5 (Gthio), 141.7 (Gsthio), 139.1 (G-thio), 133.2 (Plpso), 129.3 (Gy-thio), 129.0 (Phmets, 128.9 (=CH), 128.0
(Phpara), 126.0 (Gy-thio), 125.5 (Pbrtho , Cyrthio), 123.9 (=CH), 122.9 (C-Py ), 122.3 (G-thio) 118.0 (C-Py), 22.0
(OAc), 14.8 (CH), 14.4 (CH). HRMS:m/z1215.0988 [M-.OAc]calcd for GgHagN2O2F15S,Zn 1215.09943. Anal. Calcd. for
CooHsoF12N205S:Zn, 4 HO: C, 53.43; H, 3.74; N, 2.08. Found C, 53.55; 273N, 1.98.

Preparation of 2b(0). Compound was prepared as above frdi (322 mg, 0.27 mmol) and Zn(OAQ H,O (60 mg, 0.27
mmol) and isolated after crystallization in a £LH/pentane mixture as a brown powder (250 mg, 95 %).

'H NMR (300 MHz, CDCJ): 8.75 (br. d, 2H, P, 8.24 (s, 2H, P, 7.62 (d,2J = 16 Hz, 2H, =CH), 7.52 (s, 2H, By7.46 (d,
%)= 8 Hz, 4H, GH,), 7.35 (s, 2H, thio), 7.15 (s, 2H, thio), 6.84 #= 16 Hz, 2H, =CH), 6.73 (dJ = 8 Hz, 4H, GH,), 3.00
(s, 12H, NMe), 2.07 (s, 6H, Ch), 2.05 (s, 6H, Ch), 2.03 (s, 6H, OACc):*C [*H] NMR (75 MHz, CDCl,): 180.0 (CO), 150.4,
149.6, 144.6, 143.5, 139.3, 138.9, 129.4, 128.8,4,2126.1, 125.3, 123.8, 122.8, 121.1, 119.5,91712.3, 40.11 (NM2,
21.8 (OAc), 14.8 (CH), 14.3 (CH). Anal. Calcd. for GHsF12N404S,Zn, H0: C, 55.67; H, 3.94; N, 4.06. Found C, 55.47; H,
3.87; N, 3.85.

Numbering

References
1. Gilat, S. L.; Kawai, H.; Lehn, J.-NChem. Eur. J1995 1, 275-293.
2. (a) Irie, M.; Lifka, T.; Kobatake, S.; Kato, 8. Am. Chem. So200Q 122, 4871-4876.



(b) Pu, S.; Yang, T.; Xu, J.; Shen, L.; Li, G.; Xi&d, Chen, BTetrahedror2005 61, 6623-6629.

3. Malval, J.-P.; Gosse, |.; Morand, J.-P.; LapogyddAm. Chem. So2002 124, 904-905.

4. Maury, O.; Viau, L.; Sénéchal, K.; Corre, B.;égan, J.-P.; Renouard, T.; Ledoux, |.; Zyss, J.; LeeBol.Chem. Eur. J.
200410, 4454-4466.

1.2 4 —— before irradiation
—— after irradiation at 365 nm
1.0 H - after irradiation at 588 nm

- after a second irradiation at 365 nm

0.8

0.6

Absorbance

0.4

0.2

0.0 | | | | |

300 400 500 600 700 800
Wavelength / nm

Figure S1.UV-vis absorption spectral changelatin CH,Cl, upon irradiation
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Figure S2UV-vis absorption spectral changeldfin CH,Cl, upon irradiation.



