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Scheme S1. Synthesis of phosphoramidite monomers tetheriftzesie, p-cyanostilbenep-nitrostilbene,
andp-dimethylaminostilbene. Reagents and condition®d{}DAc), PPk, NMe;, DMF, 100°C,
overnight,S: 52.2%,Scn: 52.2%,Sa: 72.6%. b) EDC, HOBt, Nt DMF, r.t., overnightS: 69.2%,Scn:
92.5%,Sa: 53.6%,Sp: 57.5%. c) (iPRNP(CI)(OCHCH,CN), NE, THF, 0°C, 20 min,S: 92.3%,Scn:
68.5%,Sa: 77.8%,Sp: 65.2 %.

CompoundL (R = NMe) and compoun@ were synthesized according to the previous repdtiEhe
phosphoramidite monomers tethering stilbeBe [{-cyanostilbeneScn), p-nitrostilbene §,), andp-
dimethylaminostilbeneSp) were synthesized as follows:

General Procedurefor Synthesis of Compound 1 (except for R = NMe,)

To a stirred solution of iodobenzene (2.04 g, 10afyy@-bromobenzonitrile (1.82 g, 10 mmol), or 4-
bromonitrobenzene (2.02 g, 10 mmol) in DMF (30 mlas added 4-vinylbenzoic acid (1.48 g, 10 mmol),
palladium(ll) acetate (22.4 mg, 1 mol%), tripherhggphine (52.5 mg, 2 mol%) and triethylamine (15
mL). After the reaction mixture was heated at 30®vernight, the solvent was removed by evaporation
and filtered with ethyl acetate. The obtained re@sid/as used in the next reaction without further
purification.S: (Yield: 52.2%)*H-NMR [DMSO-ds, 500 MHz]5=7.97 (d,J = 8.5 Hz, 2H, aromatic
protons), 7.76 (d) = 8.5 Hz, 2H, aromatic protons), 7.68 J& 8.5 Hz, 2H, aromatic protons), 7.40 (m,
5H, aromatic protons and vinyl protonSC-NMR [DMSO-ds, 125 MHz]$ = 168.6, 142.9, 138.1, 132.4,
131.2,131.0, 130.3, 129.7, 128.9, 128.3, 1HFEAMS(FAB) (/2): [M]" Calcd for GsH1:0, 224.0832;
found 224.0838Scy: (Yield: 52.2%)'H-NMR [DMSO-ds, 500 MHz]5=8.00 (d,J = 8.5 Hz, 2H,
aromatic protons), 7.90 (d= 8.5 Hz, 2H, aromatic protons), 7.87 Jd; 8.5 Hz, 2H, aromatic protons),
7.80 (d,J = 8.5 Hz, 2H, aromatic protons), 7.61 J& 17 Hz, 1H, vinyl proton), 7.53 (d,= 17 Hz, 1H,
vinyl proton).”*C-NMR [DMSO-ds, 125 MHz]8 = 168.5, 142.9, 142.1, 135.6, 134.2, 132.6, 13131,3,
131.1, 130.7, 128.9, 128.5, 127.7, 120.4, 1HRMS(FAB) (2): [M] " Calcd for GeH1:NO, 249.0784;
found 249.07608,: (Yield: 72.6%)"H NMR [DMSO-ds, 500MHz]5=8.30 (d,J = 8.5 Hz, 2H, aromatic
protons), 8.01 (d] = 8.5 Hz, 2H, aromatic protons), 7.95 Jd&; 8.5 Hz, 2H, aromatic protons), 7.82 {d,
= 8.5 Hz, 2H, aromatic protons), 7.66 Jd; 17 Hz, 1H, vinyl proton), 7.61 (d,= 17 Hz, 1H, vinyl
proton).”*C-NMR [DMSO-ds, 125 MHz]8 = 168.5, 148.0, 145.0, 142.0, 133.6, 132.1, 131133,1,

130.2, 129.5, 129.2, 128.6, 127.7, 126lBMS(FAB) (/2): [M]" Calcd for GsH11NO4 269.0683; found
269.0585.

General Procedurefor Synthesis of Compound 3

To a stirred solution of 1 (1.0 equiv) and trietiiyline (2.8 equiv) in DMF was added HOBt (1.6 equiv)
EDC (1.6 equiv) an@ (1.2 equiv), and the mixture was stirred overni@thyl acetate was added, and
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the organic layer was washed with saturated aqusaluson of NaHC®@and NaCl. After drying over
MgSQy, the solvent was removed by evaporation, followedilica gel column chromatography using
hexane and ethyl acetate as eluent (3% triethylamas added: (Yield: 69.2%)'H-NMR [DMSO-ds,
500 MHz]6=8.06 (d,J = 9.0 Hz, 1H;NHCO-), 7.96 (dJ = 8.5 Hz, 2H, aromatic protons of stilbene),
7.76 (d,J = 8.5 Hz, 2H, aromatic protons of stilbene), 7@&3) = 8.5 Hz, 2H, aromatic protons of
stilbene), 7.46-7.23 (m, 14H, aromatic protons dfDand stilbene and vinyl protons), 6.88 (m, 4H,
aromatic protons of DMT), 4.63 (d,= 6.0 Hz, 1H, -®), 4.18 (m, 1H, -Ck#CH(NH-)-CH(CH)), 4.08
(m, 1H, -CH(CH3)-OH), 3.76 (s, 6H, -6H4-OCH3), 3.26, 3.01 (m, each 1H, H3-ODMT), 1.06 (dJ =
6.5 Hz, 3H, -CH(®l3)-OH). **C-NMR [DMSO-ds, 125 MHz]5 = 167.6, 159.4, 146.6, 141.2, 138.2,
137.4,137.3,134.9, 131.6, 131.2, 130.2, 129.8,31229.2, 129.0, 128.1, 128.0, 127.6, 114.5, 8%,
64.5, 56.7, 56.4, 21.8. HRMS(FABWZ): [M] " Calcd for GoH3gNOs 613.2823; found 613.280%¢n:
(Yield: 92.5%)'H-NMR [DMSO-ds, 500 MHz]5=8.10 (d,J = 9.0 Hz, 1H;NHCO-), 7.99 (d,) = 8.0 Hz,
2H, aromatic protons gd-cyanostilbene), 7.90 (d,= 8.5 Hz, 2H, aromatic protons picyanostilbene),
7.87 (d,J = 8.5 Hz, 2H, aromatic protons pfcyanostilbene), 7.81 (d,= 8.5 Hz, 2H, aromatic protons
of p-cyanostilbene), 7.59 (d,= 16.5 Hz, 1H, vinyl proton), 7.47 (d= 16.5 Hz, 1H, vinyl proton), 7.44-
7.26 (m, 9H, aromatic protons of DMT), 6.88 (m, &romatic protons of DMT), 4.64 (d= 6.0 Hz, 1H,
-OH), 4.18 (m, 1H, -CHHCH(NH-)-CH(CH)), 4.07 (m, 1H, -€I(CH3)-OH), 3.76 (s, 6H, -6H4-OCHy3),
3.27, 3.01 (m, each 1H, Hz-ODMT), 1.06 (dJ = 6.5 Hz, 3H, -CH(El3)-OH). **C-NMR [DMSO-ds,
125 MHz]6 = 167.5, 159.4, 146.6, 143.0, 140.5, 137.3, 13B33,7, 134.1, 132.8, 131.2, 129.9, 129.4,
129.2,129.1, 128.8, 128.7, 128.2, 128.0, 114.5,318B6.6, 66.7, 64.5, 56.7, 56.4, 21.8. HRMS(FAB)
(m/2): [M]* Calcd for GiHsaN»0s 638.2775; found 638.2798,: (Yield: 53.6%)'"H NMR [DMSO-d,
500 MHz]6=8.30 (d,J = 9.0 Hz, 2H, aromatic protons pinitrostilbene), 8.11 (d] = 8.5 Hz, 1H, -
NHCO-), 8.00 (dJ = 8.5 Hz, 2H, aromatic protons pditrostilbene), 7.95 (d] = 8.5 Hz, 2H, aromatic
protons ofp-nitrostilbene), 7.83 (d] = 8.5 Hz, 2H, aromatic protons pditrostilbene), 7.65 (d]=17 Hz,
1H, vinyl protones), 7.60 (d=17 Hz, 1H, vinyl protones), 7.45-7.22 (m, 9 H,raatdic protons of DMT),
6.87 (m, 4 H, aromatic protons of DMT), 4.64 Jd6.0 Hz, 1H, -®), 4.18 (m, 1H, -CRHCH(NH-)-
CH(CH)), 4.08 (m, 1H, -EG(CHg)-OH), 3.76 (s, 6H, -6H4-OCH3), 3.27, 3.02 (m, each 1H, Hz-
ODMT), 1.07 (d,J=6.0 Hz, 3H, -CH(El3)-OH). **C-NMR [DMSO-ds, 125 MHz]& = 167.5, 159.4,
147.9, 146.6, 145.2, 140.4, 137.4, 137.2, 135.8,8.331.2, 129.5, 129.4, 129.2, 129.0, 128.3,0,28.
125.5, 114.5, 86.6, 66.7, 64.5, 56.7, 56.4, 21BMS(FAB) (W2): [M] " Calcd for GoHzsN,O;
658.2674; found 658.2675p: (Yield: 57.5%)'H NMR [DMSO-ds, 500 MHz]5=7.99 (d, 1H,J=8.5 Hz,
-NHCO-), 7.92 (d, 2HJ=8.5 Hz, aromatic protons pfdimethylaminostilbene), 7.67 (d, 2B8.5 Hz,
aromatic protons gb-dimethylaminostilbene), 7.51 (d, 2Bk9.0 Hz, aromatic protons pf
dimethylaminostilbene), 7.44-7.22 (m, 10 H, aromatiotons of DMT and vinyl proton), 7.01 (d, 1H,
J=16.5 Hz, vinyl proton), 6.88 (m, 4 H, aromatic fames of DMT), 6.77 (d, 2H}=9.0 Hz, aromatic
protons ofp-dimethylaminostilbene), 4.62 (d, 1B56.5 Hz, -QH), 4.17 (m, 1H, -CR+CH(NH-)-
CH(CH)), 4.08 (m, 1H, -EGI(CHg)-OH), 3.76 (s, 6H, -6H4-OCH3), 3.26, 3.02 (m, 1H, -8,-ODMT),
2.99 (s, 6H, -GH4-N(CHs) 2), 1.06 (d, 3H,)=6.0 Hz, -CH(®3)-OH). *C-NMR [DMSO-ds, 125 MHz]
=167.6, 159.6, 159.5, 159.4, 151.7, 146.6, 14137,3, 133.8, 132.0, 131.1, 129.3, 129.2, 129.8,01.2
126.9, 126.0, 124.0, 114.7, 114.5, 113.6, 87.(B,8®&.4, 66.7, 64.5, 59.4, 56.6, 56.5, 56.4, 21.8.
HRMS(FAB) (W2): [M] " Calcd for GoH44N205 656.3245; found 656.3246.

General Procedurefor Synthesis of Compound 4

Triethylamine (5.0 equiv) and 2-cyanoethyl N,N-dpsopylchlorophosphoramidite (2.0 equiv) were
added to a solution of compouBd1.0 equiv) in THF at 6C. After 20 min of vigorous stirring on ice, an
excess of ethyl acetate was added to the reaciixtune, and the mixture was washed with saturated
aqueous solution of NaHG@nd with NaCl. After drying over MgSQthe solvent was removed by
evaporation, followed by silica gel column chrongaphy using hexane and ethyl acetate as eluent (3%
triethylamine was added$: (Yield: 92.3%)*'P NMR [DMSO4ds, 121 MHz]$=147.9, 147.7 ppnSen:
(Yield: 68.5%)*'P NMR [DMSOds, 121 MHz]8=147.9, 147.7 ppnSa: (Yield: 77.8%)*'P NMR
[DMSO-dg, 121 MHz]5=147.9, 147.7Sp: (Yield: 65.2%)*'P NMR [DMSO+ds, 121 MHz]5=147.9,
147.7.
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Fig. S1. UV-vis spectra oKa/Yb andXa/N duplexesX, Y =Scn, Z, B, Sa or Sp). Conditions are as
follows: [ODN] = 5.0 uM, [NaCl] = 100 mM, pH 7.0 @2mM phosphate buffer), pH 9.0 (10 mM Tris
buffer) forSp, pH 5.0 (10 mM MES buffer) faBp(H™), 20°C.
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Fig. S2. MALDI-TOF MS charts ofSa/Sb before and after 180 sec UV irradiation (340 n@glculated
mass for $a+H':3072, Bb+H":3112, [Sa/Sb+H']:6182.
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Fig. S3. Melting curves ofSa/Sh before (broken line) and after 340 nm UV irradiatfor 180 sec (solid
line). Conditions are as follows: [ODN] = 5.0 pNN4CI] = 100 mM, pH 7.0 (10 mM phosphate buffer).
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Fig. $4. HPLC chromatograms &cna/Scnb before and after 300 sec UV irradiation (340 nm).
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Fig. S5. MALDI-TOFMS charts ofScna/Scnb before and after 300 sec UV irradiation (340 nm).
Calculated mass foSgna+H']:3097, Benb+H']:3137, Bena/Scnb+H':6232.

S9



After

Before
10 15 20 25 30 35
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Fig. S7. MALDI-TOFMS charts ofSpa/Spb (H) before and after 300 sec UV irradiation (340 nm).
Calculated mass foSpa+H']:3115, [Spb+H"]:3155, [Spa/Spb+H']:6268.

S11



Table S1. Neighboring base pair dependence of quantum yal&sZ andB.

O (x10)
S Z B
XalYb 15 1.7 2.4
XclYd 23 6.9 10
Xe/Yf 12 0.56 0.77

Xa: 5'-GCATC XAGTC-3'
Yb: 3-CGTAG Y TCAG-5'

Xc: 5-GCACT XAGTC-3'
Yd: 3-CGTGA Y TCAG-5'

Xe: 5'-GCATC XGATC-3'
Yf: 3-CGTAG Y CTAG-5'

(X,Y=S,Z B)
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Fig. S10. UV- vis spectra oKa/Sb duplexes X = Scn, Z, B, Sa or Sp) before and after indicated duration
of UV irradiation (340 nm). Conditions are as folet [ODN] = 5.0 uM, [NaCl] = 100 mM, pH 7.0 (10
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Fig. S11. UV- vis spectra oKa/Scyb duplexesX =S, Z, B, Sp or Sp) before and after indicated duration
of UV irradiation (340 nm). Conditions are as folet [ODN] = 5.0 uM, [NaCl] = 100 mM, pH 7.0 (10
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Fig. S12. UV- vis spectra oKa/Zb duplexesX =S, Scn, B, Sa or Sp) before and after indicated duration
of UV irradiation (340 nm). Conditions are as fol& [ODN] = 5.0 uM, [NaCl] = 100 mM, pH 7.0 (10
mM phosphate buffer), pH 9.0 (10 mM Tris buffer) 8, pH 5.0 (10 mM MES buffer) faBp(H™), 20

°C.

S17



Absorbance
o
N

N

—0sec
—15 sec
—30 sec
——60 sec
—120sec
—300 sec

300 320 340 360 380 400

Absorbance
o
N

Wavelength / nm

Za/Bb

—0sec
—30 sec

300 320 340 360 380 400

0.4

Absorbance
o
N

Wavelength / nm

SDa/Bb

—0sec
——300 sec

—— 1800 sec

300 330 360 390 420 450 480

Wavelength / nm

Absorbance

Absorbance

Absorbance

0.4

0.3

0.2

0.1

o
w

o
[N

o
=y

—0sec
—15 sec

300 320 340 360 380 400

Wavelength / nm

SAa/Bb

—0sec
——900 sec
— 1800 sec

300 330 360 390 420 450

Wavelength / nm

Spa/Bb (HY)

B —— 300 sec

—0sec
——120sec

—— 600 sec
~——900 sec
—— 1800 sec

300 330 360 390 420 450 480

Wavelength / nm

Fig. S13. UV- vis spectra oKa/Bb duplexesX =S, Scn, Z, Sa or Sp) before and after indicated duration
of UV irradiation (340 nm). Conditions are as folet [ODN] = 5.0 uM, [NaCl] = 100 mM, pH 7.0 (10
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Fig. S14. UV- vis spectra oKa/Sab duplexesX =S, Scn, Z, B or Sp) before and after indicated duration
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Fig. S15. UV- vis spectra oKa/Spb duplexesX =S, Scn, Z, B or Sp) before and after indicated duration
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mM Tris buffer), 20°C.
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Fig. S16. UV- vis spectra oKa/Spb (H") duplexesX =S, Scn, Z, B or Sa) before and after indicated
duration of UV irradiation (340 nm). Conditions a® follows: [ODN] = 5.0 uM, [NaCl] = 100 mM, pH

5.0 (10 mM MES buffer), 26C.
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Table S2. Melting temperatures of duplexes in homo and haterabinations.

T/ °C

Sa Scna Za Ba S\a Spa® Spa(H*)*
Sb 42.4 46.5 51.1 453 48.6 39.4 36.0
Scnb 46.0 53.8 55.4 49.0 56.3 47.7 40.5
Zb 49.7 54.4 53.6 50.4 56.2 475 42.2
Bb 44.9 49.5 52.0 46.1 51.3 41.2 42.3
Sab 47.9 56.4 57.2 51.3 58.1 47.4 41.4
Spb® 39.6 47.6 48.8 41.4 48.1 37.5 -
Spb(H")® 35.0 39.8 44.7 44.2 425 - 36.7

“Conditions: 5.QuM DNA, 100 mM NaCl, pH 7.0 (10 mM phosphateffan)."Measured at pH 9 (Tris buffer).
®Measured at pH 5 (MES buffer).
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Fig. S17. Quantum yields of photodimerizations®é/Y b duplexes (bar graph) and energy gaps of
HOMO or LUMO (line graphs). The energy gaps arldiged in absolute value and the axis is inverted.
Note thatB should be protonated at pH 5 and heB&#Spb (H*) showed similar reactivity witda/Spb
(H").
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Fig. S18. Quantum yields of photodimerizations®fa/Yb (H") duplexes (bar graph) and energy gaps of
HOMO or LUMO (line graphs). The energy gaps arldiged in absolute value and the axis is inverted.
Note thatB should be protonated at pH 5 and heSga/Bb (H") showed similar reactivity witBpa/Zb
(H").
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Fig. S19. HPLC chromatograms &»a/Bb before and after 300 min photo-irradiation (340 hm
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Fig. S20. HPLC chromatograms &xa/Zb before and after 180 min UV irradiation (340 nm).
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Fig. S21. Schematic energy diagram of the fagxcited state and (I8 excited state i®\/B hetero dimer
aggregate. (c) Electron transfer fréa{higher energy level) tB (lower energy level) may result the
same radical ion pair state.
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