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Materials

p-Anisidine, 4-bromoaniline, 4-Fluoroaniline, ethyl 2-oxocyclohexane carboxylate,
indole-3-butyric acid, sulfur trioxide pyridine complex, copper(ll) nitrate hydrate,
4,4’-dimethyl-2,2’dipyridyl (dmbpy), 4,7-dichloro-1,10-phenanthroline (4,7-dcp),
3,4,7,8-tetramethyl-1,10-phenanthroline  (3,4,7,8-tmp),  5,6-dimethyl-1,10-phenanthroline
(5,6-dmp) were purchased from Sigma-Aldrich Chemicals Co. (Milwaukee, WI) and used
without further purification. 1,10-phenanthroline (phen) monohydrate was received from
Wako Chemicals. All other chemicals and solvents were purchased from Sigma-Aldrich
Chemicals Co., Wako Pure Chemical Ind. Ltd., TCI, or Kanto Chemical Co. Inc. and used as
received. 1,10-phenanthrolinopyrrole (php), dipyrido[3,2-d:2°,3’-flquinoxaline  (dpQ),
dipyrido[1,3]diazepinone (dpda), dipyrido[3,2-1:2°,3’-c]phenazine (dppz),
2-(2’-pyridinyl)imidazole (pimH) were prepared by following the literature procedures.*
Substrates with tethered indole compounds were prepared as reported previously.” * Copper
complexes were prepared using the procedures reported by Feringa and Roelfes.* Salmon
testes DNA and synthetic oligonucleotides were obtained from Sigma-Aldrich Chemicals Co.
Water was deionized (specific resistance of > 18.0 MQ cm at 25°C) by a Milli-Q system

(Millipore Corp.).

Methods

NMR spectra were obtained on a JEOL JNM ECA-600 spectrometer operating at 600 MHz for
'H NMR and 150 MHz for *C NMR in CDCI; unless otherwise noted. Flash column
chromatography was performed employing Silica Gel 60 (70-230 mesh, Merck Chemicals).
Silica-gel preparative thin-layer chromatography (PTLC) was performed using plates from
Silica gel 70 PF,54 (Wako Pure Chemical Ind. Ltd.). Enantiomeric excess (ee) determinations

were performed by HPLC analysis (Chiralcel OD-H or Chiralpak AD-H) using UV-detection.
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UV-melting studies were performed on V-650 UV/VIS spectrophotometer.

Synthetic routes for substrates
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Reagents and conditions: (i) NaNO,, NaBF,, HCI, 0 °C; (ii) ethyl 2-oxocyclohexane
carboxylate, NaH, THF, reflux; (iii) HCI, EtOH, reflux; (iv) NaOH, EtOH, reflux; (v) neat,
220 °C; (vi) LAH, THE, reflux; (vii) Py*SO3, EtsN, DMSO, CH,Cl,, MS 4A, 0 °C; (viii)

benzene, room temperature.

Iz

N\ NH

Analytical Data for new substrates:

\_NH

'H NMR (CDCl3): §7.96 (s, 1H), 7.60 (d, *Jus = 8.1 Hz, 1H), 7.44 (d, *Jun = 14.3 Hz, 1H),
7.36 (t, *Jun = 8.2 Hz, 1H), 7.18 (m, 3H), 7.11 (¢, *Jun = 8.2 Hz, 1H), 7.04 (s, 1H), 7.00 (d, “Jun
= 2.0 Hz, 1H), 4.05 (s, 3H), 2.82 (t, *Jus = 7.5 Hz, 2H), 2.41 (q, *Jun = 6.8 Hz, 2H), 1.96 (sp,
33 = 7.5 Hz, 2H). 3C NMR (CDCls): 5 180.7, 148.7, 143.8, 136.4, 129.2, 127.5, 127.1, 126.5,
121.9, 121.4, 119.1, 118.9, 116.0, 111.1, 36.3, 32.4, 28.6, 24.7. HRMS (ESI-TOF) cald for
Ci1sH19N3O (M+H") 294.1606, found 294.1565.
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N 0 MeO
[ N
N —
Me
\_NH

'H NMR (CDCls): §8.11 (s, 1H), 7.45 (d, *Jun = 15.6 Hz, 1H), 7.19 (m, 2H), 7.17 (s, 1H),
7.032 (s, 1H), 7.026 (dd, Jun = 7.5 Hz and *Jun = 2.7 Hz, 1H), 6.94 (s, 1H), 6.84 (dd, I =
8.5 Hz and “Jyn = 2.4 Hz, 1H), 4.04 (s, 3H), 3.87 (s, 3H), 2.77 (t, *Jun = 7.5 Hz, 2H), 2.40 (q,
3Jun = 6.8 Hz, 2H), 1.93 (sp, *Jun = 7.5 Hz, 2H). *C NMR (CDCls): & 180.8, 153.9, 148.8,
143.8, 129.3, 127.2, 126.6, 122.4, 115.8, 112.2, 111.9, 100.9, 56.1, 36.4, 32.5, 28.5, 24.8.
HRMS (ESI-TOF) cald for C1gH21N3O, (M+H") 324.1712, found 324.1485.

N 0 Br
[ N
N —
Me
\_NH

'H NMR (CDCls): & 8.40 (s, 1H), 7.69 (s, 1H), 7.42 (d, 3Jun = 15.7 Hz, 1H), 7.19 (m, 3H),
7.18 (s, 1H), 7.04 (s, 1H), 6.94 (s, 1H), 4.04 (s, 3H), 2.73 (t, *Jun = 7.5 Hz, 2H), 2.36 (q, *Jpn =
6.8 Hz, 2H), 1.88 (sp, *Jun = 7.5 Hz, 2H). *C NMR (CDCls): & 180.8, 148.5, 143.8, 135.1,
129.4, 129.3, 127.3, 126.7, 124.7, 122.8, 121.6, 115.8, 112.7, 112.5, 36.4, 32.4, 28.5, 24.6.
HRMS (ESI-TOF) cald for C1gH15BrNsO (M+H") 372.0711, found 372.0667.

\_NH
'H NMR (CDCls): 6 8.16 (s, 1H), 7.43 (d, *Juy = 15.6 Hz, 1H), 7.20 (m, 3H), 7.17 (s, 1H),
7.04 (s, 1H), 7.01 (s, 1H), 6.92 (t, 33 = 8.8 Hz, 1H), 4.05 (s, 3H), 2.75 (t, *Jun = 7.5 Hz, 2H),
2.38 (g, *Jun = 6.8 Hz, 2H), 1.91 (sp, *Jun = 7.5 Hz, 2H). *C NMR (CDCls):  180.8, 157.8 (d,
LJer = 235.2 Hz), 148.6, 143.9, 133.0, 129.3, 128.0 (d, *Jcr = 8.6 Hz), 127.2, 126.7, 123.3,
116.3, 111.8 (d, *Jcr = 8.6 Hz), 110.3 (d, *Jcr = 25.8 Hz), 103.9 (d, 2Jcr = 22.9 Hz), 36.4, 32.5,
28.5, 24.7. HRMS (ESI-TOF) cald for C1gH15FN3O (M+H") 312.1512, found 312.1433.
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'H NMR (CDCls): 8 8.01 (s, 1H), 7.91 (d, *Jun = 7.5 Hz, 2H), 7.61 (d, Jn = 8.1 Hz, 1H), 7.55

(t, *Jun = 7.1 Hz, 1H), 7.46 (t, *Jun = 7.8 Hz, 2H), 7.37 (d, 34y = 8.2 Hz, 1H), 7.20 (t, *Jun =
7.5Hz, 1H), 7.11 (m, 2H), 7.00 (s, 1H), 6.88 (d, *Jun = 15.6 Hz, 1H), 2.85 (t, 3y = 7.5 Hz, 2H),
2.41 (g, ®Jun = 6.8 Hz, 2H), 1.97 (sp, ®Jun = 7.5 Hz, 2H). *C NMR (CDCls): 6 191.1, 150.0,
138.1, 136.5, 132.7, 128.7, 128.6, 127.6, 126.3, 122.1, 121.5, 119.3, 119.0, 116.1, 111.3, 32.7,
28.8, 24.8. HRMS (ESI-TOF) cald for C,0H:gNO (M+H") 290.1545, found 290.1532.

'H NMR (CDCls): §8.70 (d, *Jun = 4.1 Hz, 1H), 8.13 (d, *Jun = 7.5 Hz, 1H), 8.05 (s, 1H), 7.84
(td, 334y = 8.1 and *Jpn = 2.0 Hz, 1H), 7.63 (d, *Jpn = 15.6 Hz, 1H), 7.62 (d, *Jun = 7.5 Hz, 1H),
7.45 (ddd, *Jup = 7.5 and 4.8 Hz and *Jyy = 1.4 Hz, 1H), 7.35 (d, *Jun = 8.2 Hz, 1H), 7.31 (m,
1H), 7.19 (t, *Jun = 8.2 Hz, 1H), 7.12 (t, %3y = 8.1 Hz, 1H), 6.99 (s, 1H), 2.84 (t, 33y = 7.5 Hz,
2H), 2.45 (q, *Jun = 6.8 Hz, 2H), 1.98 (sp, 3Jun = 7.5 Hz, 2H). *C NMR (CDCls): & 189.7,
154.3,150.4, 148.9, 137.1, 136.5, 127.6, 126.9, 124.8, 123.0, 122.0, 121.5, 119.3, 119.0, 116.2,
111.2, 32.9, 28.7, 24.9. HRMS (ESI-TOF) cald for CigH1gN,O (M+H") 291.1497, found
291.1483.

\_N.
Me

'H NMR (CDCls): 8 7.58 (d, *Jun = 8.1 Hz, 1H), 7.44 (d, *Jun = 13.8 Hz, 1H), 7.27 (t, *Jyn =
8.5 Hz, 1H), 7.19 (m, 2H), 7.17 (s, 1H), 7.09 (t, *Juy = 7.5 Hz, 1H), 7.03 (s, 1H), 6.85 (s, 1H),
4.05 (s, 3H), 3.75 (s, 3H), 2.81 (t, 334y = 7.5 Hz, 2H), 2.41 (q, *Jun = 6.8 Hz, 2H), 1.94 (sp, *JuH
= 7.5 Hz, 2H). *C NMR (CDCls): & 180.7, 148.6, 143.8, 137.1, 129.2, 127.9, 127.0, 126.5,
126.2, 121.5, 119.0, 118.6, 114.5, 109.1, 36.3, 32.6, 32.5, 28.8, 24.6. HRMS (ESI-TOF) cald
for C19H21N30 (M+H") 308.1763, found 308.4206.
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~

Bn

'H NMR (CDCls): 8 7.60 (d, *Jun = 7.5 Hz, 1H), 7.43 (d, %Jun = 15.7 Hz, 1H), 7.28 (t, *Jun =
7.1 Hz, 2H), 7.24 (d, *Jun = 6.8 Hz, 2H), 7.16 (m, 3H), 7.10 (d, %34y = 6.8 Hz, 2H), 7.09 (m,
1H), 7.02 (s, 1H), 6.91 (s, 1H), 5.27 (s, 2H), 4.03 (s, 3H), 2.82 (t, *Jun = 7.5 Hz, 2H), 2.41 (q,
3Jun = 7.2 Hz, 2H), 1.95 (sp, *Jun = 7.5 Hz, 2H). *C NMR (CDCls): & 180.8, 148.7, 143.9,
137.9, 136.9, 129.3, 128.8, 128.3, 127.6, 127.2, 126.9, 126.6, 125.7, 121.8, 119.3, 119.0, 115.4,
109.7, 50.0, 36.4, 32.6, 28.8, 24.8. HRMS (ESI-TOF) cald for CasHzsN30 (M+H") 384.2076,
found 384.2635.

/

N

H
'H NMR (CDCl5): 8 7.99 (s, 1H), 7.61 (d, Juy = 8.1 Hz, 1H), 7.49 (d, *Jun = 15.6 Hz, 1H),
7.36 (d, *Jun = 8.1 Hz, 1H), 7.21 (m, 3H), 7.12 (t, *Jun = 7.2 Hz, 1H), 7.04 (s, 1H), 7.03 (d, *Ju
=14.3 Hz, 1H), 4.05 (s, 3H), 3.00 (t, *Jun = 7.8 Hz, 2H), 2.74 (g, *Jun = 7.0 Hz, 2H). °C NMR
(CDCls): § 180.7, 148.4, 143.7, 136.4, 129.2, 127.3, 127.1, 126.5, 122.0, 121.4, 119.3, 118.8,
115.4, 111.1, 36.3, 33.2, 24.0. HRMS (ESI-TOF) cald for C17H17N30 (M+H") 280.1450, found
280.1402.

0
HN™ "NH
7 N—¢ N\
- N=

'H NMR (DMSO-dg): & 9.06 (s, 2H), 8.44 (d, %34 = 4.0 Hz, 2H), 7.48 (dd, *J4 = 8.1 Hz and

*Jun = 1.4 Hz, 2H), 7.40 (dd, *Jun = 7.8 and 4.4 Hz, 2H). 3C NMR (CDCls): § 163.5, 145.9,
145.8, 137.6, 128.9, 124.8. HRMS (ESI-TOF) cald for C1;HsN,O (M+H") 213.0776, found
213.0730.

Intramolecular Friedel-Crafts Alkylations
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The DNA-based hybrid catalyst was prepared in solution by mixing the copper complex with
the respective ligand and DNA. The catalyst solution was prepared 12 h in advance before its
use. The concentration of the copper complex was optimized as given in Table S1 and Figure
S1. The reaction conditions were varied case by case. For example, in Table 1, 30 mol% of
Cu-ligand in 5 mL water was mixed with 10 mL of 1.4 mg/mL solution of st-DNA in 20 mM
MOPS buffer (pH 6.5). A stock solution of tethered indole starting material (1; 0.045 mM, 13.2
mg/500 uL DMSO) prepared in advance was added to the catalyst solution, and the reaction
mixture was stirred at 5 °C for two days. The product was extracted with Et,O and dried over
Na,SO,. After removal of the solvent under reduced pressure, the residue was purified by silica
gel PTLC using a solvent mixture of suitable polarity. In case of entry 4 in table 1,
EtOAc:hexane = 2:3 was used to afford the product 2 as a yellow oil. The conditions for each
reaction are given in the footnote of each table.

For ee determination, the racemic sample of 2 was prepared by using a copper complex with
dmbpy as a ligand, and in the absence of DNA (Table S2). The ee of product 2 was determined
on a Daicel Chiralcel OD-H column with a solvent mixture of suitable polarity. Hexane:
2-propanol = 9:1 was used with a flow rate of 0.8 mL/min. In this case, the retention times were

15.2 min (major enantiomer, S) and17.7 min (minor enantiomer, R).

Sequence-Dependent Studies

A 1.5 mL Eppendorf screw-cap tube was loaded with a synthetic oligomer solution (240 uL,
1.4 mg/mL) in 20 mM MOPS buffer (pH 6.5) and [Cu(5,6-dmp)](NO3), complex (120 uL, 30
mol%), and a stock solution of starting material (1, 12 pL, 13.2 mg/500 uL DMSQO). The

reaction mixture was shaken by using an Eppendorf mixer for 1 day at 5 °C. The product was

extracted with Et,O and dried over Na,SO,. After the solvent removal under vacuum, product 2
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'H NMR (CDCls): 8 8.92 (s, 1H), 7.46 (d, *Jun = 8.2 Hz, 1H), 7.31 (d, *Jun = 8.1 Hz, 1H), 7.16
(s, 1H), 7.11 (t, *Ju = 8.2 Hz, 1H), 7.06 (s, 1H), 7.05 (t, *Jun = 8.1 Hz, 1H), 4.08 (s, 3H), 3.58
(dd, 24n = 13.9 Hz and 23y = 7.5 Hz, 1H), 3.46 (dd, Jn = 11.5 and 8.9 Hz, 2H), 2.72 (t, *Jun
= 6.1 Hz, 2H), 2.12 (dddd, Ju = 13.0 Hz and *Ji4 = 8.2 and 5.1 and 2.4 Hz, 1H), 2.00 (dddd,
2Jun = 14.3 Hz and *Jyn = 8.2 and 6.1 and 2.4 Hz, 1H), 1.85 (dddd, 23y = 13.0 Hz and 33y =
8.5 and 6.1 and *Ju = 2.4 Hz, 1H), 1.78 (dddd, “Jun = 12.9 Hz and 3J,4 = 8.5 and 5.8 and “Ju
= 2.0 Hz, 1H). **C NMR (CDCls): § 193.7, 143.0, 137.1, 135.7, 129.5, 127.6, 127.5, 121.2,
119.0, 118.1, 110.8, 110.2, 45.8, 36.5, 31.0, 29.7, 21.7, 21.3. HRMS (ESI-TOF) cald for
C1sH19N30 (M+H") 294.1606, found 294. 1393.
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'H NMR (CDCls): & 9.08 (s, 1H), 7.57 (s, 1H), 7.173 (s, 1H), 7.170 (d, *Jun = 6.1 Hz, 2H),
7.07 (s, 1H), 4.08 (s, 3H), 3.59 (dd, 2Jun = 13.6 Hz and 3Juy = 7.5 Hz, 1H), 3.43 (dd, 3Jun =
11.5 and 8.9 Hz, 1H), 2.66 (t, *Jun = 5.8 Hz, 2H), 2.10 (dddd, 23y = 13.6 Hz and *Jy = 8.1 and
5.1 and *Jun = 2.4 Hz, 1H), 1.99 (dddd, 234y = 13.3 Hz and 3,4 = 8.5 and 6.1 and *Jy = 2.4 Hz,
1H), 1.83 (dddd, 2Jpn = 13.0 Hz and *Jun = 8.9 and 6.1 and *Jun = 2.7 Hz, 1H), 1.77 (dddd, 2Jum
=13.6 Hz and *Juy = 8.2 and 6.1 and “Juy = 2.7 Hz, 1H). *C NMR (CDCls): & 193.7, 142.9,
138.6, 134.3, 129.5, 129.4, 127.6, 123.9, 120.8, 112.2, 110.0, 45.6, 36.6, 30.9, 29.7, 21.6, 21.1.
HRMS (ESI-TOF) cald for C1gH15BrNsO (M+H") 372.0711, found 372.05009.
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Entry 2. Yellow oil. 54% vyield. The ee of the product was determined on a Daicel Chiralcel

OD-H column with hexane:2-propanol = 9:1, flow = 0.8 mL/min. Retention times: 12.6 min
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[major enantiomer], 17.8 min [minor enantiomer]. 38 % ee.

'H NMR (CDCls): 8 8.69 (d, *Jun = 4.0 Hz, 1H), 8.67 (s, 1H), 8.13 (d, *Jun = 7.5 Hz, 1H), 7.88
(td, 334n = 8.1 and “Juy = 2.1 Hz, 1H), 7.50 (ddd, *Jyw = 7.4 and 4.8 Hz and *Ju = 1.3 Hz, 1H),
7.47 (d, 33un = 7.5 Hz, 1H), 7.29 (d, *Jun = 8.1 Hz, 1H), 7.11 (t, *Jun = 7.1 Hz, 1H), 7.05 (t, *Jun
=7.5Hz, 1H), 3.68 (dd, 234y = 15.0 Hz and 33y = 3.4 Hz, 1H), 3.63-3.54 (m, 2H). 2.74 (t, *Jun
=6.1 Hz, 2H), 2.14 (dddd, *Jun = 12.9 Hz and 33y = 8.1 and 5.4 and *Juy = 2.7 Hz, 1H), 2.02
(dddd, 2Jpn = 13.0 Hz and 334 = 8.9 and 6.1 and “Jun = 2.1 Hz, 1H), 1.88 (dddd, %Iy = 14.3
Hz and 3Jun = 8.1 and 6.1 and “Jun = 2.7 Hz, 1H), 1.81 (dddd, 2Jyy = 13.0 Hz and *Jyy = 8.1
and 5.5 and “Ju = 2.1 Hz, 1H). **C NMR (CDCl,): & 203.2, 153.4, 149.2, 137.3, 137.2, 135.7,
127.6, 127.5, 122.1, 121.3, 119.0, 118.1, 110.8, 110.2, 45.0, 31.0, 29.0, 21.6, 21.3. HRMS
(ESI-TOF) cald for C1gH1gN,O (M+H") 291.1497, found 291.1438,

F

Entry 4. Yellow oil. 41% vyield. The ee of the product was determined on a Daicel Chiralcel
AD-H column with hexane:2-propanol = 12:1, flow = 0.8 mL/min. Retention times: 21.8 min
[major enantiomer], 23.4 min [minor enantiomer]. 70 % ee (DNA-1).

'H NMR (CDCls): & 8.99 (s, 1H), 7.20 (dd, *Jun = 8.5 Hz and *Jye = 4.4 Hz, 1H), 7.16 (s, 1H),
7.07 (s, 1H), 7.09 (dd, 3¢ = 9.5 Hz and *Juy = 2.7 Hz, 1H), 6.84 (td, *Juy = 8.9 Hz and *Jye =
2.7 Hz, 1H), 4.08 (s, 3H), 3.59 (dd, 23y = 13.6 Hz and 2Juy = 7.4 Hz, 1H), 3.44 (dd, *Jpn = 12.1
and 8.8 Hz, 2H), 2.67 (t, %Jun = 5.8 Hz, 2H), 2.11 (dddd, 24y = 14.3 Hz and *Jy = 8.1 and 5.5
and “Jun = 2.0 Hz, 1H), 1.99 (dddd, 2Jun = 14.3 Hz and *J4 = 8.1 and 5.5 and *Juy = 2.0 Hz,
1H), 1.84 (dddd, 2Jp = 12.2 Hz and *Juy = 8.8 and 6.1 and *Jpn = 2.0 Hz, 1H), 1.77 (dddd, 2w
=13.0 Hz and ®J4; = 8.8 and 6.1 and “J = 2.7 Hz, 1H). *C NMR (CDCls): § 193.7, 157.8 (d,
YJer = 232.3 Hz), 142.9, 139.2, 132.2, 129.5, 127.9 (d, *Jcr = 8.6 Hz), 127.6, 111.2 (d, 3Jcr =
10.0 Hz), 110.5 (d, “Jcr = 4.3 Hz), 109.2 (d, %Jcr = 25.8 Hz), 103.1 (d, 2Jcr = 22.9 Hz), 45.6,
36.5, 30.9, 29.8, 21.7, 21.2. HRMS (ESI-TOF) cald for C1gH1gFN3O (M+H") 312.1512, found
312.1509.

S10



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

Supporting Information

16 20 . 24
16 20 24 28 min
min
- - - - Peak Fill  [tr (min)|ts (min) |t (min)| AN
Peak Fill |tg (min)|ts (min) |tg (min)| ANom (min)  ts (min) |F (min) om
1 21.77 20.84 22 84 8496
1 2172 2088 2271 4947 - - n
N 215 2 7] 2526 5053 2 2335 22.84 2531 15.04
100.00 100.00
N O
[ N
N
Me

OMe

Entry 6. Yellow oil. 45% vyield. The ee of the product was determined on a Daicel Chiralcel
OD-H column with hexane:2-propanol = 9:1, flow = 0.8 mL/min. Retention times: 19.3 min
[minor enantiomer], 21.1 min [major enantiomer]. 82 % ee (DNA-1).

'H NMR (CDCls): 8 8.78 (s, 1H), 7.19 (d, *Jun = 8.9 Hz, 1H), 7.16 (s, 1H), 7.06 (s, 1H), 6.93
(d, *“Jnun = 2.7 Hz, 1H), 6.77 (dd, *Jpn = 8.8 Hz and *Jun = 2.0 Hz, 1H), 4.07 (s, 3H), 3.85 (s, 3H),
3.57 (dd, 2Jun = 13.0 Hz and *Juy = 7.5 Hz, 1H), 3.43 (dd, 3J4n = 11.6 and 8.8 Hz, 2H), 2.69 (t,
%Jun = 5.8 Hz, 2H), 2.10 (dddd, 23y = 13.2 Hz and *Jun = 8.1 and 5.1 and *Juy = 2.4 Hz, 1H),
2.00 (dddd, 2Jyn = 14.6 Hz and 23y = 8.5 and 5.8 and “Jyw = 2.3 Hz, 1H), 1.84 (dddd, %Iy =
13.0 Hz and *Jyn = 8.9 and 6.1 and “Juy = 2.7 Hz, 1H), 1.76 (dddd, 23y = 13.6 Hz and 33y =
8.8 and 6.1 and “Juy = 2.7 Hz, 1H). *C NMR (CDCls): & 193.7, 153.9, 143.0, 138.1, 130.9,
129.5,127.9, 127.5, 111.4, 111.04, 110.1, 100.5, 56.2, 45.7, 36.5, 31.0, 29.7, 21.8, 21.3. HRMS
(ESI-TOF) cald for C19H»:N50, (M+H") 324.1712, found 324.1654.
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——JR. A

T T T T T
24 28 16 20 24 28

e 20 min min
Peak Fill  |tr (min)|ts (min) [tE (min)| ANom Peak Fill  |tr (min)|ts (min) |tE (min)| ANom
| 19.67 18.56 20.71 50.80 1 19.30] 18.55 20.28 8.97
2 21.36 20.71 2381 4920 2 21.09 20.28 23.70 91.03
100.00 | 100.00

Entry 7. Yellow oil. 91% vyield. The ee of the product was determined on a Daicel Chiralcel
OD-H column with hexane:2-propanol = 9:1, flow = 0.8 mL/min. Retention times: 14.3 min
[major enantiomer], 17.4 min [minor enantiomer]. 7 % ee.

'H NMR (CDCls): 8 7.49 (d, *Jun = 8.1 Hz, 1H), 7.28 (d, *Juy = 8.1 Hz, 1H), 7.18 (t, Iy = 7.8
Hz, 1H), 7.16 (s, 1H), 7.08 (t, ®Jun = 7.5 Hz, 1H), 7.06 (s, 1H), 4.06 (s, 3H), 3.77 (s, 3H), 3.70
(s, 1H), 3.45 (dd, 2Jpn = 16.3 Hz and 334 = 10.9 Hz, 1H), 3.35 (dd, 2Juy = 15.6 Hz and 23,4 =
2.7 Hz, 1H), 2.85 (dd, 2Jun = 15.3 Hz and ®Juy = 5.1 Hz, 1H), 2.64 (ddd, *Jun = 16.0 Hz and
$Jun = 10.9 and 5.5 Hz, 1H), 2.00-1.85 (m, 4H). *C NMR (CDCls): & 191.9, 143.3, 137.8,
137.4,129.4,127.3,127.2,121.1, 118.8, 118.1, 109.9, 108.8, 43.5, 36.4, 29.5, 28.2, 27.8, 21.1,
18.6. HRMS (ESI-TOF) cald for C1gH2:N3O (M+H") 308.1763, found 308.1677.
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Entry 8. White solid. 12% yield. The ee of the product was determined on a Daicel Chiralcel
OD-H column with hexane:2-propanol = 9:1, flow = 0.8 mL/min. Retention times: 15.2 min
[major enantiomer], 18.8 min [minor enantiomer]. 4 % ee.

'H NMR (CDCls): 8 7.51 (m, 1H), 7.18 (t, %Jun = 7.2 Hz, 2H), 7.13 (t, *Jun = 7.2 Hz, 2H), 7.10
(s, 1H), 7.08 (dd, *J = 7.4 Hz and “Jpy = 2.1 Hz, 2H), 6.99 (s, 1H), 6.95 (d, *Jun = 7.5 Hz, 2H),
5.52 (d, “Jun = 2.6 Hz, 2H), 3.96 (s, 3H), 3.65 (M, 1H), 3.34 (dd, 2Juy = 15.6 Hz and *Ju = 10.1
Hz, 1H), 3.26 (dd, *Jun = 15.6 Hz and *Jyy = 2.7 Hz, 1H), 2.88 (ddd, 2Juy = 15.6 Hz and 23y =
5.4 and “Juy = 2.1 Hz, 1H), 2.68 (ddd, 23,y = 16.3 Hz and *Juyy = 10.9 and 6.1 Hz, 1H),
2.04-1.81 (m, 4H). *C NMR (CDCls): 6 191.8, 143.1, 138.6, 138.0, 137.2, 129.3, 128.7, 127.6,
127.2,127.0, 126.0, 121.4, 119.0, 118.2, 110.5, 109.8, 46.4, 43.9, 36.3, 28.4, 28.0, 21.1, 18.5.
HRMS (ESI-TOF) cald for CsHpsNs0O (M+H") 384.2076, found 384.2132.

Optimization of the reaction conditions

Me Me
Me Me H Cl Cl
N
7 N/ N\ 7 N\ | 720 V/ A\ 7 N/ \ 7 N/ \
dmbpy pimH phen 5,6-dmp 4,7-dcp
HN NH
3,4,7,8-tmp dpda dppz

Figure S1. Structures of achiral ligands
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Table S1. Screening of the ligands for the copper(ll) catalyzed intramolecular Friedel-Crafts
reaction in the presence of st-DNA.

entry ligand yield (%) ee (%)
1 dmbpy 18 35
2 pimH 47 44
3 phen 32 58
4 5,6-dmp 64 71
5 4,7-dcp 26 51
6 3,4,7,8-tmp 64 49
7 php 28 48
8 dpq 30 38
9 dpda 42 65

10 dppz 60 33

All experiments were carried out with 0.045 mM substrate, 1.4 mg/mL st-DNA, 30 mol%
Cu-ligand, at 5 °C, in 20 mM MOPS buffer (pH 6.5), for two days, unless otherwise indicated.

Table S2. Control experiments

reaction conditions
. HN
20 mM MOPS buffer pH 6.5 Q
5°C, 1 day N
<\/NM8
entry reaction conditions yield (%) ee (%)
1 st-DNA, Cu(5,6-dmp) 64 71
2 st-DNA, Cu(NO3), 30 18
3 Cu(NO3), 38 1

Table S3. Metal catalysts screening
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HN_ o HN_
Q 20 mM MOPS buffer pH 6.5 } Q
N % 5°C, 1 day N
<\/NMe <\/NMe
entry metal yield (%) ee (%)
1 Cu(NOg)» 64 71
2 CoCl, -6H,0 no T™M —
3 FeCls -6H,0 7 5
4 Sc(SO5CF3)3 trace 2
53 NiSO4 no T™M —
62 NiCl, no TM —

a1,10-phenanthroline was used as a ligand.

Table S4. Effects of the catalyst loading on the enantioselectivity.

entry Cu(5,6-dmp) (mol%) ee (%)
1 0.03 47
2 0.05 56
3 0.1 65
4 0.3 72
5 0.5 73
6 1 75
7 3 76
8 5 77
9 10 80
10 20 78
11 30 73
12 35 70
13 40 69
14 50 61
15 60 48
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Figure S2. Effects of the catalyst loading on the enantioselectivity

UV-melting studies

0.9

0.8

0.7
06 | \ Blank
= DNA-1

0.5 ——Cu(dmbpy)

=——DNA-1, Cu(dmbpy)

0.4 = Cu(phen)
\ / /\ \\\ ———DNA-1, Cu(phen)
03

- Cu(5,6-dmp)
DNA-1, Cu(5,6-dmp)
02 7 ——Cu(dpp?)
=——DNA-1, Cu(dppz)
0.1 -
o %

0.1

Absorbance [Abs]

Wavelength [nm]

Blank : 20 mM MOPS buffer (pH 6.5)

Cu(L) : 9.0 uM of Cu(NOs3), and 9.0 uM of Ligand in 20 mM MOPS buffer (pH 6.5)

DNA-1: 5.4 uM of DNA (5’-TGTGTGCACACA-3") in 20 mM MOPS buffer (pH 6.5)

DNA-1,Cu(L) : 9.0 uM of Cu(NOs3),, 9.0 uM of Ligand, and 5.4 uM of DNA-1 in 20 mM MOPS buffer (pH 6.5)

Figure S3. UV absorption spectra of Cu(ll)-ligand alone, DNA-1 in the absence and presence
of Cu(ll)-ligand.
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Figure S4. UV melting curves of Cu(ll)-ligand alone, DNA-1 in the absence and presence of
Cu(l)-ligand.

@=DNA-1

@ DNA-1, Cu(dmbpy)
DNA-1, Cu(phen)
DNA-1, Cu(5,6-dmp)

Normalized Absorbance

@ DNA-1, Cu(dppz)

20 30 40 50 60 70 80
Temperature [1C]

DNA-1 DNA-1, Cu(dmbpy) DNA-1, Cu(phen) DNA-1, Cu(5,6-dmp) DNA-1, Cu(dppz)|
Tm [°C] 47.7 48.2 53.4 50.2 50.7

Figure S5. Normalized UV melting curves of DNA-1 in the absence and presence of copper
complex.
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700 [CuL]/[base pair (bp)] =0.25 W
600 0.50 M
—_—
> 500 1 (n/n°) "3 (/o)
E 400 4 [Cul)/[bp] = [CuL}/[bp] =
; 0.25 0.50
2 300 - st-DNA 1.00 1.00
st-DNA, EtBr? 1.09 1.16
200 - st-DNA, Cu(dmbpy) 1.01 1.00
st-DNA, Cu(phen) 1.05 1.05
100 A stDNA, Cu(5,6-dmp)  1.07 1.13
0 st-DNA, Cu(dppz) 1.03 1.09
N < N N N 4 Ethidium bromide, the well-known intercalator.
SEP T  pC &
RO SRR IEa
’Q (J\\’ éV.\ (/0\ $ A
SEEFOREICOES
Q o &
& &

Figure S6. The viscosity measurement for st-DNA/ligand mixed solution. MOPS solution (20
mM, pH 6.5) was used as the buffer. The st-DNA solution (500 uM per base pair, average
length was 2000 bp) and samples were prepared to give total ligand/base pair ratios of 0.25 and
0.50. Each sample passed through an Ubbelohde-type viscometer. This flow time was
measured four times at 30 °C.

Relative viscosity, (:7/;1°)1’3 , iIs calculated in accordance with the theory of Cohen and
Eisenberg.” The viscosity value 5 was calculated according to

n=(1t-t)/1to,

where tp is the measured flow time of the buffer and t is the observed flow time of the

DNA/ligand mixed solution. #° is the viscosity value of the st-DNA solution without ligand.

Average flow time [s] of each solution is shown below.

st-DNA, st-DNA, st-DNA, st-DNA, st-DNA,
buffer st-DNA EtBr Cu(dmbpy) Cu(phen) Cu(5,6-dmp) Cu(dppz)

[CuL/bp] = 0.25 258+ 0.5 520 +1.7 598 +1.4 531+2.2 562+ 1.0 580 £ 0.5 543+ 0.6
=0.50 - - 668 + 0.8 521+2.9 561 1.0 636 + 3.6 600 £ 3.4
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Figure S7. CD spectra of d(CV*®*GCGCM®GCGCMEGCG), in 20 MM MOPS buffer, pH 6.5 at
4 °C at various concentration of Cu(5,6-dmp) complex (50 mM NaCl concentration, 10 pM
DNA concentration)
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Dim Size = 26314
Dim_Title = Carbonld
Dim_Units = Ippmi
Dimanalons - X
sita = JRH-ECAGDD
Spectrometer = DELTAZ MR
Fiald Strangth = 13.95540558[T] (580[wi=])
X_Acq_Duration = 0.63730304 [s]
X pomain = a3
% _Freq = 149, 40425613 [Mix
X CEfant = 100.0[ppa]
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Supporting Information

i Filenams = C:\Users\dalta'\bocunenta’d
Ruthor delta
Exparimant carbon. jx 1
Bample_Id 1-175-ptla-apotl-20110608 |
Eolvant = CRLOROFORM-I |
Crestion Time = 5-JUN-2011 01:09:33 |
Revigion Time = 13-JUL-2012 09:50:02 |
Current Tima = 13-JUL-201% 09:51:53 |
t = single pulse deccupled gat |
Data_Fommat = 1D COMPLEX |
Dim Fize = 26214 |
Dim Title = |
Dim Urits [ppn] |
Dimanaicns *® |
Site TM=-ECAED0 I
Spectromabes = DELTAZ RMR
Fiold Strength = 13.95540859([T] (S90{kAz]}
¥_heq_Duration = 0.65730304(s]
*_Domain =13
Froq = 149, 40429612 [Miiz]
H_offaet = 100. 0 [ppm]
| Points = 32768
| ¥_Prascans =4
¥_Resclution = 1.43409672[%e]
_Evaap = 4. 0524812 [kHz]
*_Sweep_t = 37, 59390496 k]
ITe_Domnin = Pratan
Tec Freq = 554.17059168 [Mz]
Ize Offsak = S[ppm]
Clipped = FALSE
scans = 10000
Total_Scans = 10000
Relaxation Delay = 2[s]
Recv:_Gain -
y Get = 23.5[dC]
*_90_Width - 9.9(usl
¥ heimy_Tima = 0_BS730304 ()
¥_hngla = 39(deq]
3_Ken = 7[dn]
X_Fulse = 3.3[us]
Irc_kin Deo = 1§.2 [48]
Ire At Hoa = 18,2 [aB]
Ies Hoise -
Irs_Pwidin = T[un]
Initial Wait = Lis]
toe -
Hoa_Timo = 2{a] |
Rapatition Time = 2.69730304(s) |
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