Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2020

Electronic Supplementary Information (ESI)

Parallel-motif triplex formation via a new, bi-directional hydrogen
bonding pattern incorporating a synthetic cyanuryl nucleoside into
the sense chain

Akihiko Hatano,** Kei Shimazaki,? Maina Otsu,” Gota Kawai ®

aDepartment of Chemistry, Shibaura Institute of Technology, 307 Fukasaku, Minuma-ku, Saitama, 337-
8570, Japan. Tel: +81-48-687-5035, Fax: +81-48-687-5013; Email: a-hatano@sic.shibaura-it.ac.jp
"Department of Life and Environmental Sciences, Faculty of Engineering, Chiba Institute of Technology,

2-17-1 Tsudanuma, Narashino, Chiba 275-0016, Japan.

S1. NMR data for the synthetic compounds

S1-1 Compound 2
S1-2 Compound 4
S1-3 Compound 5
S1-4 Compound 6
S1-5 Compound 7b
S1-6 Compound 7a
S1-7 Compound 8

S2.  Circular dichroism of duplex and triplex



NMR data for the synthetic compounds
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S1- H15NJ15N’H
Compound 2
1 (0) 15'71/&0

H in DMSO

13C

<] JEOL
2) ReESONANCE

de_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0(s] )

trapezoid( 041, 0[%], 80[%], 100[%] )
111

zerofi
< £6¢( 1, TRUE, TRUE )
= machinephase

F

ppm
phase( -0.02654, 0, 74.02815[%] )
phase( 0.0, 0, 74/02815[3] )
phase( -0.0, 0, 74.02815[] )

15N-Cyanuric acid2_Carbon-

21 delta
S carbon. Jxp
15N-Cyanuric acid2
DMSO-D6
6-AUG-2015 07:40:48
- 17-APR-2020 08:18:17
Current Time = 17-APR-2020 09:38:26
Comment. single pulse decoupled gat
Data Format 1D CompLEX
=) Dim_Size
= Dim_Title Carbon13
N Dim Units [ppm]
Dimensions x
site M ECS400
Spectrometer = DELTAZ_NMR
Field Strength 9.389766[T] (400 [MHz])
X_Rcq Duration = 1.04333312(s]
X_Domain 13c
P X Freq 100.52530333 [Miz]
= X offset [ppm]
S X Points 32768
X_Prescans 1
X Resolution 0.95846665 [Hz]
_Sweep 31.40703518 [kHz]
X_Sweep_Clipped = 25.12562814 [kHz]
Trr_Domain Proton
Irr_Freq 399.78219838 [Miz]
Irz Offset 5 [ppm]
7 Clipped FALS]
£ Sca 512
1% < Total Scans = 512
z Relaxation Delay = 2[s]
] Recvr_Gain 50
£ Temp_Get 22.5[dC]
-~ X_90_Width

.57[us]
1.04333312(s]
30 [deg)

a.

5[dB]
2.85666667 [us]
21.689[dB]

g
B
33
it
:

g

g

AGe Seamommy s Irr Atn Noe 21 689(as]
o TN —O X

Al fea=a=msd Trz Jolee e e
SSo Sssagaa Sonls z

noen FFFTacmma Decoupling = TRUE

X : parts per Million : Carbon13

13C <] JEOL
2) ResoNANCE

---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )
sexp( 2.0[Hz], 0.0[s] )
trapezoid( 0[%], 0[8], 80[%], 100[%] )

=3 f££ft( 1, TRUE, TRUE )
= machinephase
e =
phase( -0.02654, 0, 74.02815[%] )
phase( -0.0, 0, 74.02815[%] )
phase( -0.0, 0, 74.02815[%] )
=3 Author delta
a Experiment cazbon. jxp
Q Dim Unit: ppm]
e DELEER
X_Acq Duration 1.04333312(s]
S X_Offset 100 [ppm]
X Resolution 0.95846665 [Hz]
‘ X Sweep_Clipped = 25.12562614 [kiz)
z y \.,J ' ‘L\ ) ‘ ' . | ( Clipped FALSE
£ =l o ek s ot AT ) 25 e 2 32
= =l Pt A A P i g g ==
g l i Relaxation Delay = 2[s]
k] Temp_Get 22.5[4C]
~ X_90_Width

.57[us]
1.04333312(s]
eg]

T T T T T T T T T T T T T T T T T T T T 71 X“Acq_Time
160.0159.0 158.0 157.0 156.0 155.0 154.0 153.0 152.0 151.0 150.0 149.0 148.0 147.0 146.0 145.0 144.0 143.0 142.0 141.0140.0) x“angTe

30 [de

XAtn 4.5(a8]

X Pulse 2.85666667 [us]

IEz_Atn Dec 21.689(aB]
oo Irr_Atn Noe 21.689(as]
Qoo Irr_Noise WALTZ
23g Irr_pwidth 0.115ms]
1 Decoupling TRUE

X : parts per Million : Carbon13




15N

=
=
JEOL
« RESONRANCE
=
PROCESSING PARAMETERS -
o dc bllance( 0, FALSE )
= se¥p( 2.0(Hz], 0.0[s] )
S trapezoid( 0[4], 0[3], 80[s], 100[] )
zerofill( 1
- ££¢( 1, TRUE, TRUE )
=1 machinephase
S PP
LUT(CEi%: : 15N-Cyanuric acid2_single_pulse_dec|
=
oy
2]
= Filename = 15N-Cyanuric acid2_single_
delta
» single_pulse_dec.jxp
2] 15N-Cyanuric acid2
3
=
=] 17-APR-2020 09:48:08
3
Comment. single pulse decoupled gat
w Data_Format 1p con
= Dim Size 26214
< Dim Title Nitrogenls
Dim Units tppm]
" Dimensions X
=4 i = JNM ECS400
< Spectrometer DELTAZ_NMR
= Field Strength = 9.389766[T] (400 [MHz])
=4 = 0.92274688[s]
4 15N
20.50976341 [Hz]
« 300 (ppm]
<4 3276
< 4
1.08372081 [Hz]
g 35.51136364 [kHz]
> 2840909091 [xkiz]
< oton
399.78219838 [MHz]
- 5 [ppm]
= Faie
Sez 254
£ Total_Scans 254
g
£l Recvr_Gain 0
E Temp Gat 22.61dc]
Gl X_90_Width = fus]
XAcq_Time 0.92274688[s]
200](900180017001600]500]400]30012001]001000 900 800 700 (00 500 400 300 200 X—M;L deg]
Xatn 1.9(a8]
X_Pulse [us]
Trr_Atn_Dec 21.6891a8]
KEN IrrNoise 2
=g Irr Pwidth 0.115[ms]
=4 Decoupling TRUE
seii=3 Initial Wait 1(s]

X : parts per Million : Nitrogen15

S1-1

Compound 4

»o

in CDCl;

02030405060708091.01.1121314151.61.71.81.92.02.12223242526

JEOL
? RESONANCE

dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s]

oabazeia( opé1 ota], sors1, 100181 )
zerofill

6.97

machinephase
phase( -2, -2, 83.3664[%] )

BUFICE% : 15N-CydR-Tol_Proton-1-14.3df

PROCESSING PARAMETERS

1
1, TRUE, TRUE )

Filename = 15N-CydR-Tol_Proton-1-17.3
Author delta

Experiment. proton. jx

Sample_Id 15N-CydR-Tol

Solvent CHLOROFORM-}

4.42
433

2.73

Current Time = 17-APR-2020 03:53:24
nt single pulse

Data_Format 1b CoMPLEX

Dim Size 07

pinTTitle eroton

Din Units = ppm]

Dimsnsions

ite M ECs400

Spectrometer = DELTAZ NWR

Field_Strength
X_Acq_Duration

Xpomain 1
XTFreq 399.78219838 [Maz]
XToffset [ppm]

XFoints 16384

X prescans 1

Kreseiution 0.45794685 [8z]

X 7.5030012 [kHz]

X Sweep Clipped

0.60

abundance

9.389766[T] (400 [MHz])
2.18365952(s]

6.00240096 [kHz]

7913
7.888

X : parts per Million : Proton

2:‘
«

\ 4

o
o

IFx_Dom: roton
Trrreaq 399.78219838 [MHz]
Trr offset tppm]
Tri“Domain roton
TriFreq 399.78219838 [MHz]
Tri offset ppm]
Clipped FALSE

ans 8
Total_Scans 8

_Delay = 5[s]

Recvr_Gain o
Temp_Gat 21.9[dc]
X_90_Width [us]
X Acq_Time 2.18365952(s]
X AngTe 15[deg]
X Atn 0.3[dB]
X_Pulse 4.9[us]
TEr_Mode ££
Tri Mode ot

7.879
7.866
7.858
7.845
7.247
7.101 7
6617~
65837
5.726~_
57087
4628
4569




13C
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JEOL
@ RESONANCE

~--- PROCESSING PARAMETERS
dc_balance( 0, FALSE )
sexp( 2.0[Hzl, 0.0[s] )

trapezoid( 0[%], 0[5], 80[%], 100(%] )
zerofill( 1

££6( 1, TRUE, TRUE )

machinephase

ppm
Phase( 1.43619, -28.67528, 59.15004[%] )

BIFICE% : 15N-CydR-Tol_Carbon-1-4.3df

abundance

Sosoo &
28328 2
e en—=
SEses =
EEEEE ¥
X : parts per Million * Carbon13

T T T T T T T T T T T T
.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0

53

T T T T T
190.0 180.0 170.0 160.0 150.0 14f

A AN

>

35270 ~—
0.335

345267

143.792

129.967

126716
83.200
82.437
77451
77336
77.136
76812
75.105
73637
64.722
57.256—
21.750
21673

Filename 15N-CydR-Tol_Carbon-1-5.3d
Author delta

Experiment

Sample_Id

Solvent

Comment. single pulse decoupled gat
Data_Format 1D COMPLEX

Dim Size 26214

Dim_Title Carbon13

DimU; [ppm]

Dimensions X

site M ECS400
Spectrometer DELTAZ_NMR

Field Strength 9.389766[T] (400 [MHz])
X Rcq Duration = 1.04333312[s]

X_Domai 13

X_Freq 100.52530333 [MHz]

X oftset 100 [ppm]

X_Points

4
0.95846665 [Hz]
31.40703518 [kHz]

X Swee;
X Sweep_Clipped = 25.12562814 [kHz]
omain e

roton
IrcFreq 39978219838 [Hz]
Irr_offset 5 [ppm:
Clipped EFALSE
Scans = 6000
Total_Scans 6000
Relaxation Delay = 2[s]
Recvr_Gain 50
mp 23,714C]

30[deg]
1.5[aB]

21.689[dB]
= WALT:

0.115[ms]
TRUE

becaupling

lSN

0.3

0.2

0.1

0 JEOL
? RESONANCE

- PROCESSING PARAMETERS
dc_balance( 0, FALSE )
sexp( 2.0[Hz], 0.0[s] )

trapezoid( 0[%], 0[], 80[%], 100[%] )

machinephase
ppm
Phase( -0.91044, 0, 74.44398[%] )

BUTICE%: : 15N-CydR-Tol_single_pulse_dec-1-6.3

15N-CydR-Tol_single_pulse_
delta
single_pulse_dec.jxp
15N-CyaR-Tol

CHLOROFO!

30-SEP-2015 01:15:59

17-APR-2020 09:56:01

Comment = single pulse decoupled gat
Data_Format 1D COMPLEX

Dim Size 26214

Dim_Title Nitrogenls

Dim Units = [ppm]

Dimensions

ite JNM ECS400

Spectrometer DELTAZ_NMR

Field Strength

9.389766[T] (400 [MHz])
X_Acq Duration 1

0.92274688s.
N

X Dom: 151
X_Freq 40.50976341 [MHz]
Xofeset 300 (ppm)

X Points 32768

4
1.08372081 [Hz]
35.51136364 [kHz]

CSweep
X Sweep_Clipped = 28.40909091[kHz]

Irr_Dom oton
Irr Freq 399.78219838 [MHz]
Irr offset 5[ppm]
Clipped FALSE

Scans
Total_Scans

Relaxation Delay

20[s]
Recvr_Gain 50

abundance

X : parts per Million : Nitrogen1

T T T T T T T T T T T T T T T T T T T
200190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0

A

147.754
146.443
128439~

Temp_Get. 24.6[dc]
X_90_Widtn -8[us]
XTAcq_Time 0.92274688(s]
% Angle 30[deg]

X Atn 1.9(aB]
Xpulse .
Irr_Atn_Dec 21.689(dB]
Irr Noise WALTZ
Trr_Puidth 0.115(ms]
Decoupling = TRUE
Initial Wait 1ls]




S1-3 | Compound 5 0 >N
p 1N o OTol
15N
OTol 0 H in CDC1
=]
-
———- PROCESSING PARAMETERS -
2 dc_balance( 0, FALSE )
2 sexp( 0.2[Hz], 0.0(s] )
o trapezoid( 0[+]1, 0[%], 80[%], 100(%] )
zerofill( 1)
£ft( 1, TRUE, TRUE )
machinephase
phase( 0, 0, 50(%] )
e
phase( -10, 35, 83.27484([%] )
phase( 10, -35, 83.45796[%] )
@ BUFICH® : Di-tol-Cy-15N_Proton-1-1.3df
EN
Filenane Di-tol-Cy-15N_Proton-1-21.
= Author delta
q Experinent
a - Sample_Id
~ Solvent
~ Creation_Time
Revision Time
Current Time =
Comment
Data Format
bim Size -
Dim Title
Dim Units
Dimensions
site
Spectrometer
Field Strength 9.389766[T] (400 [MHz])
= | X_Acq_Duration 2.18365952(s]
= X Domain N
Crr 39978219838 [Miz]
Sippm]
16384
1
0.45794685 [Hz]
7.5030012[kHz]
6.00240096 [kHz]
roton
399.78219838 [MHz]
5ppn]
{rg roton
=Y 399.78219838 [MHz]
3 5(ppm]
% FALSE
g 8
E] Total_Scans 8
2 o
2 2 Delay = 5]
T T T T T T T T T - H
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 18.5[dc]
55[us]
Il ] 1 T [ 2 Tas6ads218]
45 (deg:
oo DO A —~O0—~=O no L NN o s v oo ®© o o 0.3[dB]
28 AXSEISELTT £E8 gHRE 28% 88%X £ a 4775 us)
—% AR AA—=ege SE T SgnnY ——= & FaS Sl = oft
e I R L S R R = I B e o el - S off
X : parts per Million : Proton
o
SE!
s - PROCESSING PARAMETERS -
dc_balance( 0, FALSE )
sexp( 2.0[Hz], 0.0[s] )
o trapezoid( 0[4], 0[31, 80[31, 100[%] )
E zerofill (1)
< f££t( 1, TRUE, TRUE )
E machinephase
ppm
@ phase( 1.1511, -29.2415, 59.21489[%] )
= BUFICEI%: : Di-tol-Cy-15N_Carbon_copyl-1-2.3df
©
< Filename = Di-tol-Cy-15N_Carbon_copyl
E Author delta
Experinent
RE Sample_Id
= Solvent
Creation_Time
B Revision Tine
~ Current Time = 17-APR-2020 10:05:20
= Comment = single pulse decoupled gat
E Data Format 1D CoupLE:
bin Size 26214
_ DimTitle Carbon13
¥ Dim Units = [ppml
< Dimensions X
E ite M ECs400
" Spectrometer = DELTAZ NMR
= Field Strength 9.389766(T] (400 [MHz])
X_heq Duration ofs]
E X Domain 13
- X rre 100.52530333 [Miz]
E Xoffset 100 {ppm]
2 Xpoints 32768
X prescans 3
E X Resolution 0.95846665 [z
+ X_sweep 31.40703518 [kiiz]
>4 X_Sweep_Clipped = 25.12562814 [kHz]
3 IFz Domain roton
E IrrFre. 39976219838 [Miiz]
Irr Offset 5[ppm]
o Clibped FALSE
24 Inconplete_Copy = TRUE
g3 Scans Ta1s
s 4 Total_Scans 1418
E I J -
E] , m . Relaxation Delay = 2[s]
E Recve Gain 50
) enp_Ge 19.11dc]
T T T T T T T T T T T T T T T T T T T T et e
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0 x"acg Time 1.04333312(s]
0] ] ] [ X_Angle 0 [deg]
Xatn 4.5[dB]
X Pulse [us]
dtal SEoybwomans STocomo—inax noaoono © IEr_Atn Dec 21.4261d8)
FEo9E ZSRTALE0LRE 2IZ85qnag LA RSSa g Irr_Atn Nos 21.426(ds]
MEMS AdRXCAAREA—= QNI m—LRn L= a N Qe R = TrrNoize
CEOE TOUHEAARRRAS Ao~ S e = 5 z
CB8EE ITTTIIIIIAL SLEREREINTITE SRaISSa Trr_Pwidth = 0.115[ms]
X : parts per Million : Carbon13




15N

0

(thousandths)

JEOL
) ResONANCE

- PROCESSING PARAMETERS -
d_balance( 0, FALSE )

sexp( 2.0[Hz]; 0.0(s] )

trapezoid( 041, 0[3], 80[%], 100(%] )
zerofill ( 1

££6( 1, TRUE, TRUE )

machinephase

ppm
Phase ( 359.37302, -279.14263, 74.50883[%] )

BUF(CER: : Di-tol-Cy-15N_single pulse_dec-1-5.

I T T T T T T T T T T T T T T T T T T
200190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 1

X : parts per Million : Nitrogen15

Di-tol-Cy-15N_single_pulse
delta

single_pulse_dec.jxp
Di-tol=Cy-15N

Current Time = 17-APR-2020 10:06:18
Comment. single pulse decoupled gat
Data_Format 10 ComrLEX

Din Siz = 26214

pinTitle Nitrogenis

DimUnits pp)

binensions

site = o csa00

Spectrometer DELTAZ_NMR

Field Strength 9.389766[T] (400 [MHz])

0.922746881s]

X Domai 158
X Freq 40.50976341 [Miz]
Xoeset 300 (ppm)

X Points 32768

Cprescans =1

X Resolution 1.08372081 [Hz]
Xswee 35.51136364 [kiiz]

_Sweep
X_Sweep_Clipped = 28.40909091 [kHz]

Ifr_Domain = Proton
Irr_Freq 399.78219838 [MHz]
Irr Offset ppm]

Clipped FALSE

Sca = 400

Total_Scans 400

Relaxation Delay = 15[s]

Recvr_Gain 50

Temp_¢ 18.9[dc]
X_90_Width 8[us]
¥Acq_Time 0.92274688(s]

X Angle 30(deg]

X Atn 1.9(d8]

X Pulse 6[us]

IEr_Atn Dec 21.428[d8]

rr Noise

Irr_pwidth = 0.115[ms]
Decoupling TRUE

Initial Wait (s




S1-4

Compound 6

HO

in CDC13

o
" JEOL
v
& a RESONRANCE
<] -  ProcESSING PARMETERS -
o | dc_balance( 0, FALSE )
& (0.2[82]; 0.0[s] )
4 ‘trapezoid( O[%], O[%], 80[%], 100([%] )
a zerofill( 1 )
i ( 1, TRUE, TRUE )
N machinephase
E pen
Phase ( -0.04535, -1.28873, 51.50313[s] )
=
ISE| BUTICei%: : 15N-Cy-OH-3_Proton-1-8.3df
*® 4
Filenane 15N~y -oH-3_proton-1-10.3
E Rathor deica
- Experiment < peoton.gup
2] Serpie T4 Ty o3
Sorvent METARNOL-D4
E Greation Time roen2025 0
RevisionTime - 17-APR.2020 10:12:
<1 Corrent. Tine 17-APR-2020 10:12.31
E Conent single_puise
Data-Format Y
«] Siee 13107
2 Din-Titie Proton
@ o DinUnits oo
° =
E 2 g g Dinanstons i
=) —_ - Site = JNM ECS400
29 Spectroneter DeLTAg, MR
E Field Strength = 9.369766(T] (400(MHZ])
- X Acq Duration = 2.18365952[s]
< ¥ bonin i3
< 4 Xrreq 399.78219838 [MHz]
E 3 X offset 5 (ppm]
3 oosats 16550
<] © Croane 11
S = X Resolution 0.45794685 [Hz]
E X swee; 7.5030012 [kaz]
YoSweep_Clipped = 600240096 (kt]
<] - oton
=3 399.78219838 [MHz]
5(ppm)
E Proton
o 399.78219838 [MHz]
Rk 5[ppm]
s FALSE
R
E L‘ :
< H
N
o< -
E 5(s]
. T . . . : . . T 5t
10.0 9.0 8.0 7.0 6.0 5.0 40 3.0 20 10 0 .y Sotacr
e
T " 2 183eb0s2 (01
Ang! 45[deg]
Cleat == M O % T ao T oo = s 0.3[aB]
TAS VOV e S o Fen o A nena A — S X 4.9[us]
ANAEES 8 33 IR F Exacctoocg S okt
GEE3T3 3 3¢ 55 3 385558 S3 3 oee
X : parts per Million : Proton
3
O JEOL
=E ?
 PROCESSTNG PARMMETERS -
o de_balance( 0, FALSE )
33 sexp( 2.0[Hz], 0.0(s] )
S trapezoid( 0(%], 0(%], 80[s], 100(%] )
zerofill( 1)
f££ft( 1, TRUE, TRUE )
w machinephase
& ppm
=) phase( 0.02305, -199.64116, 70.84271[%] )
BFICE%: : 15N-Cy-dR-OH_Carbon-1-9.3df
-
Fitenane LoN-Cy-dR-O_Carbon-1-15.3
Rathor delta
- Exeriment Garbon. 3
2] Sepie 14 3Ny aRcon
S Sorvent ARNOLD4
Creation Time - 15-SEP-2015 1
RevieionTime - 17-APR-2020 1
Corrent. Tine 17-APR-2020 1
o %
2 Comment single pulse decoupled gat
Data. Fornat T ConpLEX
Dim Fise 26214
Dinritie Carmon13
g Dim Units [ppm]
= Dimansions ;
= ite JNM ECS400
Spectroneter ety
- Field Strength = 9.369766[T] (400(Miz])
€4 Yheqburation = 104333512181
S Xpomain 13c
Yreeq 100, 52530333 (e
Xoftset 100[ppm]
& Y Poines 52768
4 X Prescans 3
S X Resolution 0.95846665 (2]
Y oSweep 51710705518 frie]
X Sweep_Clipped = 25.12562814 [kiz]
- Tre borain eoton
| Trrees 55575210836 (e
= Trr_Offset 5 [ppm]
Ciizped Hiss
cars G000
3 Total_scans G000
] <
k= - Relaxation Delay = 2(s]
E Reewe Gain o
3 Temp_Get. 24.1[dC]
w X_90_Width 57 [us]
A s e A e e B e 50 iden AL
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 800 70.0 60.0 50.0 400 30.0 20.0 100 0 -10.0 Fhcirs ohe
Catn 4.5(a8]
{ X Pulse 2.85666667 [us]
Tro Ata_pec 3isaoran
STES352ESegEs  ZUConATSN S9SE 88383 5 e Comi
= 5 282533 28z g1
MTSIRERSIRAZS S8TRASEE CE &R S8x 29 8 Tribvisen 0115 (ms]
S-—SS3SdSsSSsS3S BEEE T cicl mal R o6 N s .
R R R R R R R R R R R WX XXV XK S OO FFF onen Decoupling TRUE
X : parts per Million * CarbonT3




"
<7 ---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )
sexp( 2.0[Hz], 0.0[s] )
trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1
££6( 1, TRUE, TRUE )
machinephase
ppm
phase( 0.17317, 0, 74.45542[%] )
< WUTFICd%: : 15N-Cy-dR-OH_single_pulse_dec-1-4.3
=]
15N-Cy-dR-OH_single_pulse_
delta
single_pulse_dec.jxp
15N-Cy~dR-OH
<
<
single pulse decoupled gat
1D COMPLEX
26214
Dim_Title Nitrogenls
Dim Units [ppm]
Dimensions x
site = M ECs400
o Spectrometer DELTAZ_NMR
S 2
Field Strength 9.389766[T] (400 [MHz])
X_Acq_Duration 0.922746881s]
X_Dom: 5N
X Freq 40.50976341 [Miz]
X offset 300 [ppm]
X Points 32768
X_prescans 4
X_Resolution 1.08372081 [Hz]
-] X_sweep 35.51136364 [kHz]
S X_Sweep_Clipped = 28.40909091[kHz]
roton
399.78219838 [MHz]
= 5[ppm]
FALS]
1000
3 Total_Scans 1000
E Relaxation _Delay = 20[s]
S L Recvr_Gain 0
2 Temp_Ge 23.7[dc]
Gl X_90_Width 14.4[us]
T T T T T T T T T T T T T T T T T T T T XTAcq Time 092274688 (5]
200X90.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0 x"angTe [deg]
X Atn 1.9[dB]
X_pulse 4.8[us]
Decoupling FALSE
o ) Initial Wait 1(s]
nS = Noe = FALSE
s = Repetition Time = 20.92274688[s]
o % =
+ = &
X : parts per Million : Nitrogenl 5

S1-5 | Compound 7b (B-form) PUTIO, 0™ N™"0

OH in CDC13

- JEOL
© ? RESONANCE
-~ PROCESSING PARAMETERS -
dc_balance( 0, FALSE )
sexp( 0.2[Hz], 0.0[s] )
trapezoid( O[4], 0[3], BO[%], 100[%] )
zerofill( 1
££t( 1, TRUE, TRUE )
machinephase
ppm
phase( 3, -5, 83.64108[%] )
reference( -0.02527[ppm], 7.26[ppm] )
reference( 7.26[ppm], O[ppm] )
BUFICH3: : 15N-Cy-DMTr-2_Proton-1-11.3df
<]
] Filename 15N-Cy-DMTz-2_Proton-1-13
Author delta
Experiment proton. 3xp
Sample_Id 15N-Cy-DMTE-2
Solvent METHANOL-
Creation Time = 12-OCT-2015 18:50
Revision Time 17-aPR-202
Current_Tine 17-APR-2020 10:1
24 Comment = single pulse
Data_Format 1D COMPLEX
Dim_Size 13107
Dim Title Proton
E Dim Units [ppm]
3 Dimensions x
site M ECS400
Spectrometer DELTA2_NMR
<] Field Stremgth = 9.389766(T] (400([MHz])
o «~ - X_Acq_Duration 2.18365952(s]
= S X_Doma. ry
~ < X Freq 399.78219838 [Maz]
Xoeset 5[ppm)
2 X Points 16384
2 X prescans 1
X Resolution 0.45794685 [Hz]
X Sweep 7.5030012 [kiiz]
=] X Sweep_Clipped = 6.00240096 [kHz]
b Irr roton
IS - Irr Fre 399.78219838 [MHz]
=3 ! =3 Irr_Offset 5[ppm
= - |E b = Triponain ocon
- Tri_Freq 399.78219838 [MHz]
3 TriToffaet 5 (ppm)
g C: ed FALSE
£ ) Se: -8
£ Total_Scans 8
2
< T

\ Delay = 5[s]
Recvr_Gain =18

T T
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 Temp_Ge! 40[dc]
X_90 Width 3.8 [us]
i [ ] i | XTAcq Time 2.18365952(s)
X Angle 45[deg]
NEOoON =% — OO =m O ®  BY¥ XY O X @9 ®% o |Xata 0.3[dB]
DO TaAaaS T o F ool = S 3SS N TS xow S S |xpulse 4.9[us]
LN © ninnn == o e s = Bk} =<2 Irr_Mode Off
FEEEEESS S 888 e <+ < ed enen cal clalal ———— S < Tri_Mode = Off

X : parts per Million : Proton




2
zarofill{ 1
£feQ 1, TRUE, TRUE )}
maghinephase

el
phase( -0.18432, -175.29538, 70.50756(%] )
{ 0.22812, ' 183.00485, 70.50756(%) )

FRM#:; 150-Cy-DoeTr-2_Cacban-1-1.34f

Filonama = 15H-Cy-DMTr-2_Carbon-1-8.3
hther = dalta
Exparisant = sarhon. dup
Sample 3 = 15H-Cy-TMTE-2
Solvent - B4
Creation Tims = 12-OCT-2015 18153131
Revision Tims = 13-0CT-3918 06:36:31
Cucrent Tise = 13-0CT-2015 06:36:45
= single pulss deccupled gat
Data_Feemae = 1D COMFLEX
Em Hhee st
Dia_Tis = Cazban
Dim Units = [ppm]
Disensions -x
site = D4 ECH400
Spectrosstar  w
Fiald Strasgeh = 9,389 450 Pem1)
X_Aoq_Duraticm = 4333312 (a]
X_Domain Pt
s - }g:asamamm
x_offaat = 100ipp=]
¥ Paints = 32768
¥_Froscans -
% Rasaluticn = 0.95846565 [Bx]
X Hwaap = 31, 40703518 (kl=)
5 12562614 [kliz]
Froton
159, 78219838 [MHz ]

T T T T T T T T T T T T T 333312101
0.0 110.0 1000 90.0 800 70.0 600 50.0 40.0 300 200 100 0O dag

L odh Ll L L i
= 2258 B R O28% 3 -
I saedci S8 3 p




15N

(thousandths)

JEOL
? RESONANCE

—--- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

trapezoid( 0[], 0[%], 80[5], 100(s] )
zerofill( 1)

££6( 1, TRUE, TRUE )

machinephase

ppm
phase( -27.15104, -199.26738, 74.46687[%] )

BFICE%: : 15N-Cy-DMTz-beta_single_pulse_dec-1

15N-Cy-DMTz-beta_single_pu
delta

single_pulse_dec.jxp
15N-Cy-DMTz-beta
METHANOL-DA

13-0CT-2015 1! 24
= 17-APR-2020 10:20:01
Current_Time = 17-APR-2020 10:20:20

single pulse decoupled gat
1D COMPLEX

Din_5: 26214
Din_Title Nitrogenls
Dim Units [ppm]
Dimensions X

site M ECS400
Spectrometer = DELTAZ NMR

Field_Strength

= 9.389766([T] (400[MHz])
X_Acq Duration 1

0.922746881s:
5N

X _Domain 1
X Freq 40.50976341 [MHz]
X Offset 300 [ppm]

X _Points

32768
4

1.08372081[Hz]
35.51136364 [kHz]
28.40909091 [kHz]

roton
399.78219838 [MHz]
ppm]

Total_Scans = 1600

Relaxation Delay
Recvr_Gain

T T T T T T T T T T T T T T T T T T T
200190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -104 x::.,gie "

146.657

X : parts per Million : Nitrogenl §

128.466 —

Decoupling
Initial Wait = 1[s]

S1-6

Compound 7a (a-form)

DMTrO

© in CDCl;

10




10.0

JEOL
? RESONANCE

9.0

---- PROCESSING PARAMETERS ----

de_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0(s] )

trapezoid( 0[%], O[%], 80[%], 100[%] )
101

£££( 1, TRUE, TRUE )
machinephase

ppm
phase( 1, -0.00033, 83.35114[%] )

BUFICEI%: : 15N-Cy-DMTzr-alpha_Proton-1-12.jdf

8.94

abundance

Filename 15N-Cy-DMTz-alpha_Proton-1
Author delta

Experiment proton. jx;

sample_1d 15N-Cy-DMTz-alpha

Solvent CHLOROFORM-D

14-0CT-2015 06:47:58
17-APR-2020 10:23:29
17-APR-2020 10:23:37

nt single_pulse
Data_Format 1D COMBLEX

Dim Size 13107

Dim Title Pproton

Dim Units tppm]

Dimensions x

site JNM ECS400
Spectrometer DELTAZ_NMR

Field Strength = 9.389766[T] (400([MHz])
 Acq Duration = 2.18365952(s]

¥ Domai 1w

XFreq 399.78219838 [MHz]

X oftset 5ippn]

X Points 16384

1
0.45794685 [Hz]
7.5030012 [kBz]
6.00240096 [kHz]

roton
399.78219838 [MHz]
5(ppm]

v

3.061\ =
\f-

6.701
4373
4.363
4.355
4.283
4.263
3767
3.042—=
2.805
2.787
1.262
0.140
0.001
-0.007
-0.015
-0.156

. roton
Tri_Freq 399.78219838 [MHz]
Tri Offset 51ppm]
Clipped FALSE

Scans 8

Total_Scans =8

\_Delay = 5[s]

Recvr_Gain 38

Temp_Get. = 451dc]
X_90_Width 9.8[us]
X_Acq_Time 2.18365952(s]

X Angle 45[deg]

CAtn 0.3[dB]

X_pulse 4.9[us]

Irr_Mode off

Tri_Mode ote




13C

’?J gEE%NMCE

do_balance( 0, FALSE )

waip( 2.0[He], 0.0[8] )

teapazaid( 0I4], O[%]. BOIN], 100[8) )
wazofilll 1}

fEt( 1, TRUE, TRCE )

machinephase

Bleat 112816, 0, 985051101 )
BUFEMS:: 156-Cy-DMTr-alphs_Cacbon=1-1.3d¢

i -
00 1600 150.0 140.0 1300 1200 110.0 1000 90.0 80.0 700 600 500 400 300 200 100

1n3212—
8745 —
0249 1
vool -

144927—

Revisica Tise -0CT-2015
Current_Time = 14-0CT-2015 09:08:52

= single pulss decompled gat
Data_Format = 1D CMFLER
Dim_Size = 26214
Dis Title = Cazbonid
Dim_Units = [pp=l

x

site = T EC3400
Bpectromster DELTAD W

Field Strength = 5.309766(T] (400 (MEx]}
X_hog Duratica = 1.04333312(s]
_Domain =13
= 300.53530333 et ]
100(ppa]
31768
.
0. 95846645 (0] )

x = 3i.10703818 kEx
:Cmm_cnw = 25.12562014 [kBz]
Irr_Domain -

Frotan
399, 76219838 [HEx]
ltz% 5 [ppml
o FALSE
Scans 2000
Tokal_Soass = 2000
Beluxatice Delay = 2(a]
ecve_Gain s
Tomp_Gat.
x_90 Width Trusl
E_hoq Time = 1,04333312[s]
s = 30 [deg]
= 4.5[dm]

- WALTE
= 0.115(ma]
- TR




15N

T T T T T
200.0 180.0 160.0 ]40 0

JEOL
- ? RESONANCE
=E
PROCESSING PARAMETERS ———-
dc alance (D, TaLOE ).
Sep(0te), o
trepazoial of1; oft], sors1, 100131 )
=Y zerofill( 1
=3 » TRUE, TRUE )
= machinephase
eem
phase ( 2.22276, 28.22977, 71.38443[5] )
- B : 15N-Cy-DMTz-alpha_single_pulse_dec-
=%
L5ty ume-a1pha_sinole
o Sinsie pul >
=8 Tncy e aipna
n ILOROFORM-D
T4-081-2015 23:09:07
17°35R-2020 10124147
17-ABR-2020 10134153
o
== single pulse decorpled sat
S 1D Com
26214
Dinritie Nitzogen1s
Dim Units [ppm]
Dimansions b
= ite = S zeseo
<] Spectrometer DELTAZ_NMR
Field Strength 9.389766([T] (‘00 [MHz])
Xhcapuration - 0.oaaTdcels
oom
- oy 1050976341 ere)
2] Koitaet 300 ppm]
] Khoints S27eh
Krrescans i
KResolution 1.08372081 [Hz]
eep 35.51136364 [kidz]
X Sneep ClleEd 28.40909091 [kHz]
= Trz bona Eroton
= e Preq 399.78219838 [MHz]
Irr Offset 5(ppm]
7 Clipped Fate
£ Scans = Tooo
k= Total_s::ns 1000
H
E] O,WWWMWW n,),x,mn _Delay = 20(s)
H Recvr Ga I%
k] TumpiGut 23.1[dc]
= ; | x_90_wiatn [

_8[us]
0.92274688(s]

400 0 400 X AngTe = 30(deg)
X atn 1.9(a8]
X Pulse “6lus
TEr_Atn Dec 21.6891d8]
o Trs Noise WALTZ
e Trspwidth 0.115[ns]
S o Decoupling TRUE
2 Initial Wait 1(s]
X : parts per Million : Nitrogenl5
‘5NJ1‘5N
ASNA
p o CN
{
= @ RESONANCE
PROCESSING PARAMETERS -
de. halanc-( 0, FALSE )
sexp( 0.2[Hz], 0.0[s] )
trapezoid( 0[+], O[%], 80[3], 100[%] )
zerofill( 1 )
f£ee( 1, TRUE, TRUE )
machinepha:
ppm
phase( -2, 0.2138, 83.45796(%] )
S
] LAFICH#%: : 15N-Cy-DMT-amidite_Proton-1-10.3jdf
Filename 15N-Cy-DMT-anidite_Proton-
Author = delta
Experiment proton. 3
Sample_1d 15N-Cy-DMT-amidite
Solvent CHLOROFORM-D
Creation_Time 15-0CT-2015 14:22:57
Revision_Time 17-APR-2020 10:27:03
Current_Ti 17-APR-2020 10:27:16
o
il Comment. single_pulse
Data_Format = 1D CowPLEX
- Dim Size 13107
S Din_Title Proton
= Dim Units {ppm]
Dimansions
= Site JNM ECS400
5 Spectrometer DELTA2_NMR
. Field Strength 9.389766[T] (400 [MHz])
q X_Acq Duration = 2.18365952[s]
“ 1w
a 399.78219838 [MHz]
=) I
= = i 5[ppm]
<+ - 16384
I 1
o Pl 0.45794685 [Hz]
e oo 7.5030012 [knz]
N 2 rg 6.00240096 [kHz]
- o Z A2 = Proten
s fg =3 N 399.78219838 [MHz]
= : 2 5 [ppm]
e = =~ roton
399.78219838 [MHz]
8 5 (ppm]
g FALSE
S o N N L1 SR H
3 8
2
< 5[s]
T T T T T T T T T T B3
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 20.8[dc]
-8 [us
[ ) ittt -
15 [deg]
CA—=FT AN 0N T—= 0N X - o MeCDRS O 0.3([dB]
SZnA3SFS A0S 5 2FAZ 25283 SZE888 & 4.90us]
TIMMAAqq snn nn S nnn 9% nan a==a5 < = off
R e S A RV T T e @A ~==33 3 oet
X : parts per Million : Proton

13




13C

JEOL
RESONANCE

2

s
trapezoid ( SN o)
1

80(%1, 100[%] )
i1, eoe, TRuE )

machinephase

ppm

phase ( -0.17476, -8.05012, 59.089[%] )

BIF(C#%E: : 15N-Cy-DMT-amidite Carbon-1-8.3jdf
Filename 15N-Cy-DMT-amidite_Carbon-
Author delta -
Experinent carbon. 3x

sample_1d = 15N-Cy DMT-amidite
Solvent

2] Creation_Time
S Revision Time
Current, Time 17-APR-2020 10:28:24
Comment single pulse decoupied gat
w3 Data Format 15 com
= Dim Size 26214
Dim Title Carbon13
Dim Units ppm)
Dimensions
3 site e Ecs400
2 Spectrometer DELTAZ MR
Field Strength 389766[T] (400 [MHz])
X_Acq_Duration 1.04333312(s]
23 X 13¢
2 Xrreq 100.52530333 [Miz]
Xoffset 100 {ppm]
X points 32768
X_prescans a
= X Resolution 0.95846665 [Hz]
S P 31.40703518 [kHz]
X_Sweep_Clipped = 25.12562814[kHz]
1= n Proton
IrrFreq 399.78219838 [MAz]
Irr Offset = 5[ppr
Clipped FALSE
Sca 2000
3 Total_scans = 2000
g
= L " " 2(s]
£ W 4 i M L N i ’ 50
3 23.4[4C]
] 8.7us)
T T T T T T T T T T T T T T T T T T T T ¥ica rime S 2 VO
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0 X Anqx. 30(deg)
Catn 4.5[aB]
I I [ X_Pulse 2.9[us]
Irr_Atn_Dec 21.6891dB]
- s R Ao maln A O OO0 ® [~ — 0 “ o Irr_Atn_Noe 21.689[dB]
"o 28 5§98 Iw ac283d 88 238 SE& o 2 TrrNoize WAL1Z
da g aa=m g 222Ien ad= gs = gnw = Irr_pwidth 0.115[ns]
0% o oS o~ 3 =t x
EF 2% £88 =2 SLeERE TEAZ IS I3 ® < Decoupling = TRUE
X : parts per Million : Carbon13
] ? RESGNANCE
EE| PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )
sexp( 2.0[Hz], 0.0[s]
o trapezoid( 0[%], 0[%], 80[%], 100[%] )
24 zerofill( 1 )
= ££ft( 1, TRUE, TRUE )
machinephase
pem
o phase( 3.10158, -128.99243, 73.61233[%] )
EE
= LAFICéi%: : 15N-Cy-DMTr-Amidite-3_single_pulse |
=
CE Filename Lsw-Cy-DuT=-Amidite-3_sing
= Author delt:
Experiment Single puise_dec.sxp
1 15N-Cy~DMTx-Amidite-3
© CHLOROFORM D
S 15-0CT-2015 23:57:11
= 17-APR-2020 10:29:08
17-APR-2020 10:29:32
w Comment = single pulse decoupied gat
= Data _Format 10 Courte
= Dim Size 26
bim Title Nitrogents
Dim_Units [ppm]
< bimensions
21 site M ECS400
i Spectrometer DELTAZ_NMR
Field Strength 9. 1&9756['1‘] (400[mlx]l
- CheqDuration = 0.022746
= X Domai
= Freq 0" 50976341 (e
X Offset 300( m]
XPoints 768
o X prescans
g3 Cresolution 108372081 (az)
S X 35.51136364 [kHz]
X8 Swaap Clipped = 28.40909091 [kHz]
IZr Domain roton
_ Irr Fre: = 399.78219838 [Miz]
31 I Offset o]
= Clipped
] Total_Scans
H
£ 1 Relaxation belay =
S Recvr
Temp, Get
3 . X_90_Width
XTAcq_Time
2001900 1800 1700 16001500 1400 1300 12001100 1000 900 800 700 600 500 400 300 200 10.0 0-10. X'M;’Te
Atn
X Pulse

X : parts per Million : Nitrogenl

A

147.754
134.699
134.244

Initial Wait

14




abundance

8.0

7.0

4.0

2.0

1.0

JEOL
? RESONANCE

~--- PROCESSING PARAMETERS ----
de_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

trapezoid( 0[%], 0[%], 80[%], 100(s] )
zerofill( 1

£fe( 1, TRUE, TRUE )

machinéphase

ppm
Phase( -0.1569, 0, 28.88643[3] )

BUFIC#%: : 15N-Cy-DMTr-Amidite-3_single_pulse

=
S
=
3

X : parts per Million : Phosphorus3

T T T T T T T T T T T T T T T T T T
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 1

15N-Cy-DMTr-Amidite-3_sing
Authos delta

Experiment single_pulse_dec.jxp
Sample_Td 15N-Cy-DMTz-Amidite-3
Solvent RO!

17-APR-2020 10:31:32

Comment single pulse decoupled gat
Data_Format 1D COMPLEX

Dim_Size 26214

Dim_Title Phosphorus31

Dim Units (ppm]

Dimensions

site M ECS400

Spectrometer = DELTAZ_NMR

Field Strength 9.389766[T] (400 [MHz])
ofs]

X Domain B
X Freq 16183469309 [iz]
X offset {ppm]
X Points 32768

1
4.35965402 [Hz]

s 14285714286 [kiiz]

Csweep

X_Sweep_Clipped = 114.28571429[kHz]
omain Proton

Irr_Freq 399.78219838 [MHz]

Irr_offset 5(ppm]

Clipped FALS]

Incomplete_Copy
Scans
Total_Scans = 325

Relaxation_Delay = 20[s]
Gain 50

Recv:
Temp_Gat 21.61dc]
X_90_Widen 13.9[us]
X7Acq_Time 0.229376[s]
CAngTe eg]
Xatn -9[a8]
CPulse 463333333 [us]
Trr_Atn_Dec 21.689 (a8

r Noize WALTZ
Trr_Pwiden 0.115(ms]
Decoupling = TRUE




S2. Circular Dichroism of duplex and triplex

Circular dichroism spectra were measured on a JASCO J-710 spectropolarimeter
between 350 nm and 200 nm in standard buffer containing 1.0 M NaCl, 10 mM of
Macllvaine buffer (phosphate-citric acid, pH 5.8), at 15 °C. The duplexes and triplexes
concentrations were 0.8 uM (15 uM/base pair). Spectra were acquired every 1 nm with a
bandwidth setting of 1 nm at a speed of 50 nm/min, averaging over 5 scans.

Circular dicroism spectroscopy was used to study the macroscopic helical geometry of
the duplex DNA. All CD spectra for DNAs indicated by table 2 were analyzed at 15 °C.
The CD spectra of triplex were indicated the same trend for each CD of duplex.

-15

-15

210 220 230 ngzeﬁgr?%?ﬁ% 280 290 300 310

210 220 230 240 250 260 270 280 290 300 310
Wavelength/nm

Circular dichroism of the sequences shown in Table 2 (in 10 mM Mcllvaine buffer pH 5.8 and 1000 mM
NaCl).
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