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General information

All reagents used were purchased from Sigma-Aldrich, Fluka and used without purification.
DNA phosphoramidite monomers, solid supports and additional reagents were purchased from
Sigma-Aldrich or Glen Research. Dichloromethane (DCM), N,N-diisopropylethylamine
(DIPEA), N,N-dimethylformamide (DMF) and pyridine were dried over activated molecular
sieve (3 A, 8-12 mesh) and their dryness was determined on Karl Fischer titrator (< 15 ppm).
Column chromatography was carried out under pressure using Merck Millipore silica gel 60
(0.040-0.063 mm). Thin layer chromatography (TLC) was performed using Merck Kieselgel 60
F254 (0.22 mm thickness, aluminium backed). Compounds were visualized at 254 nm or stained
with 10 % sulfuric acid in EtOH. 'H-NMR spectra were measured at 400 MHz on a Bruker
AVANCE III 400 spectrometer. BC-NMR spectra were measured at 101 MHz on the same
spectrometer. Chemical shifts are given in ppm and J values are given in Hz. All assignments for
'H-NMR and "*C-NMR have been confirmed by H-H COSY, HMQC and HMBC. *'P-NMR
spectra were recorded on a Bruker AVANCE I1II 400 spectrometer at 162 MHz. CD3CN was
used as solvents. High resolution mass spectra were recorded in acetonitrile or methanol using
the electrospray technique on a Bruker APEX III FT-ICR mass spectrometer. HPLC grade

CH;CN or methanol were used as the solvent.



S2: 'H-NMR of (2)
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s2: ®C-NMR of (2)
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S2: HRMS of (2)

Mass Spectrum SmartFormula Report

Analysis Info

Acquisition Date  11/2/2015 1:43:02 PM

Analysis Name D:\DatalPKH\KIMVK ML01_RA1_01_36175d

Method standard pos low.m
Sample Name  KIMVK MLO1
Comment

Operator

BDAL@DE

Instrument / Ser# micrOTOF-Q 11 10205

Acquisition Parameter

Source Type ESI lon Polarity Paositive Set Nebulizer 0.3 Bar
Focus Not active Set Capillary 4200V Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 1500 m/z Set Collision CellRF 325.0 Vpp Set Divert Valve Source
Intens, +MS, 21.2-29.3s #(21-29)
x104 361.1373
' 677.3016
3
2-
] 1037.4323
1 4
2271274
12045242 1375.5769
p 489.1828 802.3632
o N N wl " Y D T L "
T T T T T T T T T T T T
200 400 600 800 1000 1200 1400 m/z
Inters. | +MS, 21.2-29.3s #(21-29)
X104
361.1373
3_
21 339.1549
1
J_l 3771123
0 sy : : T e
300 320 340 360 380 m/z
Meas. m/z # Formula Score miz err Mean mSig db e N-R
[ppm] err ma Conf ule
[ppm]
361.1373 1 C16H22N2NaO6 100.00 361.1370 -0.8 -0.4 2.9 6.5 even ok

Bruker Compass DataAnalysis 4.0

printed:  11/3/2015 9:52:00 AM

Page 1 of 1
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s3: *C-NMR of (3)
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$3: HRMS of (3)

Mass Spectrum SmartFormula Report

Analysis Info Acquisition Date  11/13/2015 3:15:04 PM
Analysis Name D:\DataPKH\KIMVK ML02_RA2_01_36395.d
Method standard pos low.m Operator BDAL@DE
Sample Name  KIMVK ML02 Instrument / Ser# micrOTOF-Q Il 10205
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Mot active Set Capillary 4200V Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 1500 m/z Set Collision Cell RF  325.0 Vpp Set Divert Valve Source
Intens, | +MS, 24.3-25.3s #(24-25)
x104]
1.254 391.1486
1.001 759.3089
0.75:
0.504
257 1380 1127.4683
0.25
1309.5731
0.00] " ...J.IL 1Y T ——Y | A 940 B A A i
200 400 600 800 1000 1200 1400 miz
Intens. | +MS, 24.3-25.3s #224-25}
x104 391.1486
1.04
0.8
369.1671
0.64
0.44
257.1389
0.21 3291415
229.1440 m
D.U‘ - : - - - - - - - - - - - e E Il : s Syea : Ili ..L.L ‘L' I.Ln Il.m. . L
S0 100 150 200 250 300 350 miz
Meas. m/z # Formula Score miz err Mean mSig b e N-R
[ppm] err ma Conf ule
[ppm]
391.1486 1 C1TH24N2ZNaO7 100.00 391.1476 -26 -2.8 52 6.5 even ok
Bruker Compass DataAnalysis 4.0 printed: 11/M16/2015 3:10:33 PM Page 1 of 1
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S4: 'H-NMR of (4)

00 S0 OT ST 0¢ S§¢ 0¢ S¢€ OF S+ 0O 9SS 09 SS9 0L SL£ 08 S8 06 96 50T 91T
L | L | L | L | L | L | L | L | L | L | L | L | L | L | L | | L | L | L | L | L | L | L | L | L
L O W W B — —_ = —_ —
= oo N ) o o o =
O — oo — N [ S N
 —— “ne Py’ i i & ——
R O TA T o Y I ﬁf
__ _______ __ __ , 4
i_ | __ ,‘
| (PP)SH aulpLiAg
@C_U_._»Am QC_—U_E Awu—l_muz
(fHO x Z)ouapi| [o]
-AxeyojoAn 4.5H+e.sH (PJOH
(s)seH (P).LH
(wdd) 14
SC’E 0g’e SE'E
| | |
. - £
vafou.N OSINg _____‘ _..>___ ___ﬁ / .\.\)___ ___\ .
| Vi | "
[ S
| OH _f_
(s)swo-as (s)sno-es fo)
z I
N ¢S _ _ _ J\ _
o) il el e L (o e (5 =2} ~ HN_
& W h o N [ L O o = U €
B Ul O~ e} §(%, N B (0] ~
(0]



s4: C-NMR of (4)
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S4: HRMS of (4)

Mass Spectrum SmartFormula Report

Analysis Info

Analysis Name D:\Data\PKH\MLO3_RA1_01_36491.d

Acquisition Date

11/25/2015 10:48:43 AM

Method standard pos low.m Operator BDAL@DE
Sample Name  MLO3 Instrument / Ser# micrOTOF-Q 11 10205
Comment
Acquisition Parameter
Source Type ESI lon Polarity Paositive Set Nebulizer 0.3 Bar
Focus Not active Set Capillary 4200V Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Offset  -500 V Set Dry Gas 4.0 I/min
Scan End 1500 m/z Set Collision Cell RF ~ 325.0 Vpp Set Divert Valve Source
Intens. | +MS, 21.0-27.0s #(20-26)
X105 547.1020
4_
3_
1 1071.2152
2-
1_
] 4170312
| \ 941.1424 1221.1059
0 ; ; £ ; : = : = :
200 400 600 800 1000 1200 m/z
Intens. +MS, 21.0-27.0s #(20-26)
X109
] 5471020
4
3-
2_
1.
5251183
440 460 480 500 520 540 560 580 miz
Meas. m/z # Formula Score m/z err Mea mSi rdo e N-R
[ppm nerr gma Conf ule
] lppn]
547.1020 1 C18H28N2Na0O1182 100.00 5471027 1.2 09 4.4 65 even ok
Bruker Compass DataAnalysis 4.0 printed: 11/25/2015 3:51:04 PM Page 1 of 1
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S5: 'H-NMR of (5)
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s5: *C-NMR of (5)
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S5: HRMS of (5)

Mass Spectrum SmartFormula Report

Analysis Info Acquisition Date  12/23/2016 9:31:18 AM
Analysis Name D:\Data\PKH\ML 05_RA1_01_44963.d

Method sample pos low.m Operator BDAL@DE

Sample Name ML 05 Instrument / Ser# micrOTOF-Q Il 10205
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Not active Set Capillary 4200V Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Offset  -500 V Set Dry Gas 4.0 VVmin
Scan End 1500 m/z Set Collision CellRF  300.0 Vpp Set Divert Valve Source

Inlenss_ +MS, 21.3-27.3s #(21-27)
x10

1.2+ 467 0411

1.0

0.81

911.0923
0.6

0.44

0.2
315.0202 [
L o

1355.1383
686, PSSW

AW 1131.1136

|
0.0 i 7 7 7
200 400 600 80O 1000 1200 1400 m/z

Intens +MS, 21.3-27.3s #(21-27)
X109 467.0411

1.01

0.81

0.6

0.4+

0.2 445.0580

n L 1L i I |

400 420 440 460 480 500 520 m/z

47.0321
0.0 )

Meas. m/z # Formula Score mfz err Mean mSi rdb e N-R
[ppm] err gma Conf ule
[ppm]

467.0411 1 C13H20N2NaO 1182 100.00 467.0401 -2.2 2.7 54 45 even ok

Bruker Compass DataAnalysis 4.0 printed: 12/23/2016 10:37:32 AM Page 1 of 1
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$6: 'H-NMR of (6a)
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$6: >C-NMR of (6a)
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S6: HRMS of (6a)

Mass Spectrum SmartFormula Report

Analysis Info Acquisition Date  6/24/2016 8:09:10 PM
Analysis Name D:\Data\PKH\KIM ML 05T_RB4_01_42045.d
Method standard pos low.m Operator BDAL@DE
Sample Name  KIM ML 05T Instrument / Ser# micrOTOF-Q 11 10205
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Not active Set Capillary 4200V Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Offset  -500 V Set Dry Gas 4.0 Vmin
Scan End 1500 m/z Set Collision Cell RF  325.0 Vpp Set Divert Valve Source
Intens, +MS, 22.3-25.3s #(22-25)
x104 371.0518
1.5
719.1127
1.0
1067.1737
0.5
467.0383 1241 7089 1416.2405
0.0 _ Ll l . A |._|..I_I N ] " Lia au . - m : JJ .
200 400 600 800 1000 1200 1400 miz
Intens, +MS, 22.3-25.3s #(22-25)
x104 371.0518
1.54
1.04
349.0692
0.5
338.1723 | | 411.0938
0.0 - - Lk ; A : y .LI - s -
300 320 340 360 380 400 420 m/z
Meas. m/z # Formula Score m/z emr Mean mSig rdb e N-R
[ppm err ma Conf ule
1 [ppm]
371.0518 1 C12H16N2NaO8S 100.00 371.0520 0.5 -1.0 31 55 even ok
Bruker Compass DataAnalysis 4.0 printed:  6/27/2016 10:51:29 AM Page 1 of 1
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$6: ‘"H-NMR of (6b)
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$6: >C-NMR of (6b)
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S6: HRMS of (6b)

Mass Spectrum SmartFormula Report

Analysis Info

Acquisition Date  12/15/2015 1:52:35 PM

Analysis Name D:\Data\PKH\KVK MLO5a_RA3_01_37135.d

Method
Sample Name
Comment

standard pos low.m
KVK ML0O5a

Operator BDAL@DE
Instrument / Ser# micrOTOF-Q Il 10205

Acquisition Parameter
Source Type ESI
Focus Not active
Scan Begin 50 miz
Scan End 1500 m/z

lon Polarity

Set Capillary
Set End Plate Offset  -500 V
Set Collision Cell RF

Set Nebulizer 0.3 Bar
Set Dry Heater 180 °C
Set Dry Gas 4.0 I/min
Set Divert Valve Source

Positive
4200V

325.0 Vpp

Intens, |
%105
1.50 371.0528

1.25]

0.751
0.50

0.25

0.001

+M8, 19.2-38.3s #(19-38)

719.1154

869.0100 1067 1776

L "

00 ' a00 ' 1000 1200 1400  mz

Intens. |
%105
] 371.0528

0.251
275,{6533

+MS, 19.2-38.3s #(19-38)

719.1154

869.0100

467 0404 5209449 799.1769 |

300 400

500 600 700 800 miz

Meas.m/z # Formula Score miz err[ppm] Mean err [ppm] mSigma rdb e Conf N-Rule

Bruker Compass DataAnalysis 4.0

printed:  12/15/2015 2:55:37 PM Page 1 of 1
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S7: 'H-NMR of (7a)
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s7: C-NMR of (7a)
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S7: HRMS of (7a)

Mass Spectrum SmartFormula Report

Analysis Info Acquisition Date 8/31/2016 6:02:06 PM
Analysis Name D:\Data\PKH\KVK MLO6_ekstra_inje_RB1_01_43246.d

Method standard pos low.m Operator BDAL@DE

Sample Name  KVK MLO6_ekstra_inje Instrument / Ser# micrOTOF-Q Il 10205
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Not active Set Capillary 4200V Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Offset  -500 Set Dry Gas 4.0 min
Scan End 1500 m/z Set Collision CellRF 325.0 Vpp Set Divert Valve Source
Intens. | +MS, 17.2-33.3s #(17-33)
] 293,0748
30001 545.1408
20004
] 633.1415
1000 707 1627  855.2008

0
Intens, +MS, 17.2-33.3s #(17-33)
| 293.0748
3000+
2000
] 298[7594
1000+
295.1369
290.7626
290 291 292 293 294 295 296 297 298 299 miz
Meas. m/z # Formula Score m/z err Mean  mSig rdb e N-R
[ppm] err ma Conf ule
[Ppm]
293.0748 1 C11H14N2NaO6 100.00 293.0744 -1.4 -1.9 11.5 55 even ok
Bruker Compass DataAnalysis 4.0 printed:  9/1/2016 9:56:38 AM Page 1 of 1
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$8: 'H-NMR of (8a)
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s$8: >C-NMR of (8a)
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S8: HRMS of (8a)

Mass Spectrum SmartFormula Report

Analysis Info
Analysis Name  D:\Data\PKH\KVK MLO7_ekstra_inj_ RB4_01_43302.d

Method standard pos low.m
Sample Name  KVK MLO7_ekstra_inj
Comment

Acquisition Date  9/5/2016 4:18:07 PM

Operator BDAL@DE
Instrument / Ser# micrOTOF-Q 11 10205

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Not active Set Capillary 4200V Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Offset  -500 WV Set Dry Gas 4.0 Vmin
Scan End 1500 m/z Set Collision CellRF ~ 325.0 Vpp Set Divert Valve Source
Intens. +M8, 14.3-50.5s #(14-50)
303.1392
3000+
2000+
595.2049
375.6452
1000+
0+ : -
1200 miz
Intens, +MS, 14.3-50.5s #(14-50)
595.2049
1500+
10004
596.2105
500+
594 595 596 597 598 599 m/z
Meas. m/z # Formula Score miz emr Mean mSig rdb e N-R
[ppm err ma Conf ule
1 [ppm]
595.2049 1 C32H32N2NaO8 100.00 595.2051 0.4 0.6 40.0 17.5 even ok

Bruker Compass DataAnalysis 4.0 printed:

26

9/6/2016 8:28:15 AM

Page 1 of 1



59: >'P-NMR of (9a)
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S9: HRMS of

(9a)

Mass Spectrum SmartFormula Report

Analysis Info

Acquisition Date

Analysis Name D:\Data\PKH\MLO8a_RB4_01_44060.d

10/24/2016 4:56:33 PM

Method standard pos low.m Operator BDAL@DE
Sample Name  MLOBa Instrument / Ser# micrOTOF-Q Il 10205
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Not active Set Capillary 4200V Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Offset  -500 Set Dry Gas 4.0 Vmin
Scan End 1500 m/fz Set Collision CellRF  300.0 Vpp Set Divert Valve Source
Intens. ] +MS, 35.5s8 #35
x104)
2'5i 303.1383
2.0
1.5:
1.0]
] 795.3093
0.5
i AL, 595.2103 Lo ) 1075.4588
0.0 ——aad daidyaas ; - il b AN . .
200 400 600 80O 1 DIDD 1200 1400 m/z
Intens ] +MS, 35.55 #35
i 795.3093
6000:
5000
3000+ 796.3147
2000
1000+ 797.3184
0' pucto A Y W Y . J 3 . . e .
790 792 794 796 798 800 802 miz
Meas. m/z # Formmula Score m'z err Mea mSig rdb e N-R.
[ppm  nerr ma Conf ule
1 [ppn]
795.3093 1 C41H49N4NaQOP 100.00 795.3129 4.6 3.6 13.4 19.5 even ok
Bruker Compass DataAnalysis 4.0 printed: 10/25/2016 8:37:09 AM Page 1 of 1
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$10: *H-NMR of (7b)
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$10: *C-NMR of (7b)
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$10: HRMS of (7b)

Mass Spectrum SmartFormula Report

Analysis Info

Analysis Name D:\Data\PKH\KIMVK ML10_RA3_01_43322.d
Method standard pos low.m

Sample Name  KIMVK ML10

Comment

Acquisition Date 9/7/2016 5:30:37 PM

Operator

BDAL@DE

Instrument / Ser# micrOTOF-Q Il 10205

Acquisition Parameter
Source Type ESI
Focus Not active
Scan Begin 50 miz
Scan End 1500 m/z

Positive
4200V
-500 V
325.0 Vpp

lon Polarity

Set Capillary

Set End Plate Offset
Set Collision Cell RF

Set Nebulizer
Set Dry Heater
Set Dry Gas
Set Divert Valve

0.3 Bar
180 °C
4.0 limin
Source

Intens,
x104

1.504 293.0747

1.251

563.1554

0.75

0.50

0.25

0.00 e
200

.nl.h‘llllh ..“ul.d R

500 800

815.2282

1067 3008

+M8, 23.3-25.3s #(23-25)

1000

1400

1 QbO miz

Intens,
X10%4]

0.754

0.50

271.0933
0.25

203.0747

320.9873

L b

+MS, 23.3-25.3s #(23-25)

3432182 37z2.2121
I, I 358.1956

Meas. m/z # Formula Score miz

[ppm]

293.0747 1 C11H14N2ZNaOG6 100.00 293.0744

Mean
err

[ppm]
-1.3

err mSig

ma

=11 27

db e
Conf

N-R
ule

55 even ok

Bruker Compass DataAnalysis 4.0 printed:

31

9/9/2016 11:49:29 AM

Page 1 of 1



S11: *H-NMR of (8b)
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S11: *C-NMR of (8b)
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S1: HRMS of (8b)

Mass Spectrum SmartFormula Report

Analysis Info Acquisition Date  9/15/2016 3:47:51 PM
Analysis Name D:\Data\PKH\KIMVK ML11_RA8_01_43486.d

Method standard pos low.m Operator BDAL@DE

Sample Name  KIMVK ML11 Instrument / Ser# micrOTOF-Q 11 10205
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Not active Set Capillary 4200V Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Offset  -500 V Set Dry Gas 4.0 /min
Scan End 1500 m/z Set Collision Cell RF 325.0 Vpp Set Divert Valve Source
Intens.: +MS, 8.3-60.5s #(9-60)
60001 303.1388
4000
3000
595.2028
2000
10001 1179.8444
] 3756482 8894851
] 1433.1246
0 - " - P
200 400 600 800 1000 1200 1400 m/z
Intens. | +MS5, 9.3-60.5s #(9-60)
) 595.2028
2000
1500
1000+
596.2066
500
0 .MM.J..MMMM.%./\}'\M\
594 595 596 597 598 599 600 miz
Meas. miz # Formula Score miz err Mea  mSig rdb e N-R
[ppm  nerr ma Conf ule
| [ppm]
595.2028 1 C32H32N2NaO8 100.00 595.2051 38 36 39.9 17.5 even ok
Bruker Compass DataAnalysis 4.0 printed: 9/16/2016 8:36:52 AM Page 1 of 1
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$12: *'P-NMR of (9b)
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$12: HRMS of (9b)

Mass Spectrum SmartFormula Report

Analysis Info

Analysis Name  D:\Data\PKH\KIM ML12A_RA2_01_44291.d

Method sample pos low.m
Sample Name  KIM ML12A
Comment

Acquisition Date

Operator

11/9/2016 12:55:12 PM

BDAL@DE

Instrument / Ser# micrOTOF-Q Il 10205

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Not active Set Capillary 4200V Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Offset  -500 V Set Dry Gas 4.0 Ifmin
Scan End 1500 m/z Set Collision Cell RF  300.0 Vpp Set Divert Valve Source
Intens, | +MS, 23.3-24.3s #(23-24
x104) 241.1008 s #(. i]
3 340.2132
2_
795.3104
1_
555.2112
] 672.2085 800.2255
100 200 300 400 500 600 700 800 900 1000 miz
Intens +MS, 23.3-24 3s #(23-24)
x104 795.3104
1.25
1_00: 773.3295
0.75
0.501
0.25
7836186 11
756.3040 804.0855 8112044 819.8836
0.00 i A s . L a - N
"750 760" 770 780 780" "800 "slo 830  mz
Meas. m/z # Formula Score m'z err Mea mSig rdb e N-R
[ppm  nerr ma Conf ule
1 [ppn]
795.3104 1 C41H49N4NaOQ9P 100.00 795.3129 3.2 4.0 13.6 19.5 even ok
Bruker Compass DataAnalysis 4.0 printed: 11/9/2016 2:04:10 PM Page 1 of 1
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$13: 'H-NMR of (11)
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$13: 'H-NMR of (11)
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$13: HRMS of (11)

Mass Spectrum SmartFormula Report

Acguisiion Date 22452017 B:38:44 PM

BOAL@&EDE
Instrument [ Ser# micrOTOF-Q 1l 10205

Analysis Info

Analysis Name Do\Data\PEHEVE ML13a_RBE8_01_46853.d

Method samphe pos low.m Operator
Sample Hame  KVK ML13a

Cormment

Acquisition Parameter

‘Source Typa ESI lon Polarity Poslive Sel Melbullzar 0.3 Bar
Foous Hoi active Set Capliary 4200W Zel Dry Heater 1EQ°C
Sean Begin =0 mdiz Set End Plate Offset 500V et Dry Gas 4.0 l'min
Scan End 1500 mfz Set Colllsion Cell RF - 300.0 Vpp el Divent Valve Saurce
Intens. S, 152-27 Js #1527}
w5
348.07138
08
0.61
0.4
0.2 6571305
2350736 5420743 Ll 1“1”54
DD - -I-I. = - = e - A L = - BT P —— - -
00 400 (] B0 1000 1200 1400 mz
Inlens. ~ HES, 190227 3 915927
i HpoTa
E.
E'-
4
a71.0535
o2
o - b Wl
320 33 340 350 50 3m 380 3 400 410 miz
Meas. m'z # [Formula Score miz em  Mean m3Sig rdb & M-R
[ppm] e ma Conf ule
[ppm]
3290718 1 CI2ZHITHN2GES 100.00 349.0700 -5.0 -4.5 5.5 55 even ok
Bruker Comgpass DatafAnalysis 4.0 printed: 32772017 11:57:47 AM Fage 1of 1
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Figure S1

u 5) Detritylation

o. 6) Cleavage from support
Ammonia
— K\
) Detritylation

oP :O DMTrO DMTrO 1
o B o\ 3% TCA/DCM
? $ S Repeat
_ Activator 42®
0-P=0 NC oﬁ:o d HO
5 /0 B
Oligonucleotides 0
containing
monomer X DMTrO U
; L Q
o U 2) Coupling
B LNA & é) 0.25 M Activator 42®, 16 min
E % 3) Capping NC  OP
“0-P=0 4) Oxidation /0O DMTrO
o) B 2, H20, Py, THF : <
o] ONA .
3) Oxidation (5 9a: LNA
0.5 M CSO, 6 min J\or 9b: ONA
0-P=0 4) Capping Q NC_~o PN
3 )\
Oligonucleotides containing
monomer Y

Fig. S1. The synthetic cycle for incorporation of the 2°-Me-LNA and 2’-Me-ONA phosphoramidites (9a) and (9b) as monomer X
and Y respectively into oligonucleotides. After coupling the LNA phosphoramidite (9a) it is capped and then oxidized. After
coupling of the 2’-Me-ONA phosphoramidite (9b) it is oxidized using the 0.5 M CSO for 6 minutes and then capped.
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S14 - ON1 to ON11 MALDI-TOF and HPLC spectra

ON1 - IE-HPLC
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ON2 - IE-HPLC
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ONS3 — |[E-HPLC
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ON4 - |E-HPLC
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ONS5 - IE-HPLC
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ONG6 - IE-HPLC
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ON7 - IE-HPLC
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ON8 - IE-HPLC
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ON9 - IE-HPLC
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ON10 - IE-HPLC
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ON11 - IE-HPLC
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S15 — Crystal data

Compound 6a (JWE1)

C12H16N2()8S

Colourless block

0.06 x 0.04 x 0.02 mm

Comments

Good quality data obtained on a small crystal. Refined to a final R1 of 4.7% in the chiral space
group P4,2,2, Absolute configuration was determined independently by the X-ray experiment
(absolute structure parameter 0.009 (12)).

The molecular structure is as expected (Plot 1, above ), all bond lengths and angles are in the
expected ranges.

The molecules form dimeric “base-paired” units by hydrogen bonding between pyrimidine
groups (N2 — 04 2.775 (4) A under symmetry operation y, x, -z+1), see Plot 2. Each molecule
also undergoes hydrogen bonding involving the alcohol and second carbonyl (02 — O5 2.737 (4)
A under symmetry operation -x+3/2, y+1/2, -z+5/4, Plot 3). Overall each molecule is involved in
four hydrogen bonds, two as donor and two as acceptor. There are also a number of longer C-

H O hydrogen bond interactions, these are less important in controlling the packing but may be
responsible for the orientation of the sulfonate.

The two pyrimidine rings in the “base-pair” unit are inclined at an angle of 24.48(12)° to each
other . This may be a supramolecular effect as the H-bonded pyrimidines lie in a curved cavity
defined by other H-bond interactions (Plot 4). It doesn’t appear to be caused by any steric stress
directly between the two dimerising molecules.
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The methyl group at C7 overhangs the pyrimidine and might be expected to affect any
intercalation properties and to restrict rotation of the pyrimidine. It does not appear as if C7
should hinder the pyrimidine from making H-bonds via O4 and N2. However, if steric reasons
required the molecule to H-bond via N2 and OS5 instead, it could be inhibited.

Experimental

The data were collected at 150(2)K on a Synergy, Dualflex, AtlasS2 diffractometer using CuKa
radiation (A = 1.54184 A) and the CrysAlis PRO 1.171.38.43 suite'. Using SHELXT? the
structure was solved by dual space methods (SHELXT?) and refined on F* using all the
reflections (SHELXL-2016"). All the non-hydrogen atoms were refined using anisotropic atomic
displacement parameters and hydrogen atoms were inserted at calculated positions using a riding

model. Parameters for data collection and refinement are summarised in Table 1.

1. CrysAlis PRO 1.171.38.43, Rigaku Oxford Diffraction, 2015.
2. C.B. Hiibschle, G.M. Sheldrick and B. Dittrich. J. Appl. Cryst., 2011, 44, 1281-1284.
3. G.M. Sheldrick, Acta Cryst., 2015, A71, 3-8.
4. G.M. Sheldrick, Acta Cryst., 2015, C71, 3-8.

Crystal data JWE1

CioH6N>OsS D, =1.562 Mg m>

M, =348.33 Cu Ko radiation, & = 1.54184 A

Tetragonal, P4,2,2 F(000) = 1456

a=28.7910 (1) A p=2.39 mm"

c=38.3254 (8) A T=100K

V=2961.85 (9) A’ Cube, colourless

Z=28 0.06 x 0.04 x 0.02 mm

11649 measured reflections h=-8—10

3045 independent reflections k=-11-58

2807 reflections with /> 2o(/) [=-47-35

R, =0.036 210 parameters

S=1.04 0 restraints

wR(F*)=0.115 Amax = 038 ¢ A~

Absolute structure parameter: 0.009 (12) A)in = -0.40 ¢ A~

R[F* > 26(F*)] = 0.047

Computing details: Data collection: CrysAlis PRO 1.171.39.12b (Rigaku OD, 2015); cell
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refinement: CrysAlis PRO 1.171.39.12b (Rigaku OD, 2015); data reduction: CrysAlis PRO
1.171.39.12b (Rigaku OD, 2015); program(s) used to solve structure: SHELXT 2014/5
(Sheldrick, 2014); program(s) used to refine structure: SHELXL2016/6 (Sheldrick, 2016).

Geometric parameters (A, °) for JWEI

S1—08 1.423 (3) N1—Cl1 1.380 (4)
S1—07 1.424 (3) N1—Cl 1.485 (4)
S1—06 1.571 (3) N2—C10 1.372 (5)
S1—CI2 1.745 (4) N2—Cl1 1.374 (4)
01—Cl1 1.423 (4) Cl1—C2 1.548 (5)
01—C4 1.455 (4) C2—C7 1.489 (5)
02—C3 1.403 (4) C2—C3 1.534 (5)
03—C6 1.448 (5) C3—C4 1.523 (5)
03—C2 1.453 (4) C4—C5 1.505 (5)
04—C10 1.239 (4) C4—C6 1.528 (6)
05—Cl1 1.225 (5) Cc8—C9 1.345 (5)
06—C5 1.466 (5) C9—C10 1.434 (5)
N1—C8 1.367 (5)

08—S1—07 119.1 (2) C3—C2—Cl 100.1 (3)
08—S1—06 109.81 (18) 02— C3—C4 111.9 (3)
07—S1—06 103.42 (18) 02—C3—C2 114.9 (3)
08—S1—CI2 109.3 (2) C4—C3—C2 92.7 (3)
07—S1—C12 109.8 (2) 01—C4—C5 110.2 (3)
06—S1—C12 104.36 (19) 01—C4—C3 101.7 (3)
Cl—01—C4 107.2 (3) C5—C4—C3 119.7 (3)
C6—03—C2 106.6 (3) 01—C4—C6 106.3 (3)
C5—06—S1 120.2 (2) C5—C4—C6 116.9 (3)
C8—NI—Cl1 120.9 (3) C3—C4—C6 100.2 (3)
C8—N1—Cl 1222 (3) 06—C5—C4 109.4 (3)
Cl11—N1—Cl 116.6 (3) 03—C6—C4 103.0 (3)
C10—N2—Cl1 126.6 (3) C9—C8—NI 122.9 (3)
01—C1—N1 108.3 (3) C8—C9—C10 119.0 (4)
01—C1—C2 103.2 (3) 04—C10—N2 119.7 (3)
N1—C1—C2 115.4 (3) 04—C10—C9 125.1 (4)
03—C2—C7 110.2 (3) N2—C10—C9 115.1 (3)
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03—C2—C3 102.5 (3) O5—CI11—N2 121.9 (3)
C7—C2—C3 119.1 3) O5—CI11—N1 122.9 (3)
03—C2—C1 103.3 (3) N2—C11—NI1 115.2 (3)
C7—C2—Cl 119.3 (3)

08—S1—06—C5 -49.4 (3) 02—C3—C4—O0l -172.9 (3)
07—S1—06—C5  |-177.6 (3) C2—C3—C4—01  |-54.7(3)
C12—S1—06—C5 67.6 (3) 02—C3—C4—C5 65.5(5)
C4—0O1—CI1—NI1 -123.5 (3) C2—C3—C4—C5 -176.3 (3)
C4—01—C1—C2 -0.7 (4) 02—C3—C4—C6 -63.7 (4)
C8—NI1—C1—O0l1 16.5 (5) C2—C3—C4—Co6 54.5(3)
Cl1I—NI—C1—O1 |-157.0 (3) S1—06—C5—C4  |116.9(3)
C8—NI—Cl—C2  |-98.5(4) 01— C4—C5—06  |-82.4(4)
ClI—NI—Cl1—C2  [88.0(4) C3—C4—C5—-06  [34.9(5)
C6—03—C2—C7  |159.6 (3) C6—C4—C5—06  |156.1(3)
C6—03—C2—C3 31.8(4) C2—03—C6—C4 4.1(4)
C6—03—C2—Cl1 -71.9 (3) 01—C4—C6—03 67.0 (4)
01—C1—C2—03 71.1 (3) C5—C4—C6—03 -169.5 (3)
N1—C1—C2—03 -171.0 (3) C3—C4—C6—03 -38.5(3)
01—Cl—C2—C7  |-166.3 (3) Cl1—NI—C8—C9 |-4.1(6)
NI—CI—C2—C7  |-483(5) Cl—NI—C8—C9  |-177.3 (4)
01—Cl—C2—C3  |-345(3) N1—C8—C9—C10 |1.6 (6)
NI—Cl—C2—C3  |83.4(3) Cl1—N2—C10—04 |-176.7 (4)
03—C2—C3—02 62.5 (4) C11—N2—C10—C9 |1.6 (6)
C7—C2—C3—02 -59.4 (4) C8—C9—C10—04 177.9 (4)
C1—C2—C3—02 168.7 (3) C8—C9—C10—N2 -0.2 (6)
03—C2—C3—C4 -53.1(3) C10—N2—C11—05 |176.7 (4)
C7—C2—C3—C4  |-175.1 (3) CI0—N2—CI1—NI [-3.9(6)
Cl—C2—C3—C4  |53.0(3) C8—NI—Cl1—05 |-175.7 (4)
Cl—O1—C4—C5  |164.2(3) Cl—NI—Cl1—05 [-2.1(5)
Cl—O01—C4—C3  [36.1(4) C8—NI—CI1—N2 |5.0 (5)
C1—01—C4—C6 -68.3 (4) C1—N1—CI11—N2 178.6 (3)
Hydrogen-bond geometry (4, °) for JWEI

D—H-4 D—H He A DA D—H:
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02—H24---05' 0.84 2.09 2.737 (4) 134
N2—H2---04" 0.88 1.90 2.775 (4) 174
C8—HS---08 0.95 2.49 3.365 (5) 154
C7—H7B---08" 0.98 2.58 3.540 (5) 166
C7—H7C:+-03' 0.98 2.50 3.474 (5) 173
C5—H54---04" 0.99 2.39 3.357 (5) 165
C5—H5B-02" 0.99 2.49 3.467 (5) 170
C9—H9---01" 0.95 2.44 3.316 (5) 153
C12—H12B---07"  |0.98 2.47 3.427 (6) 165
C12—HI12C---04"  [0.98 2.49 3.400 (6) 154

Symmetry codes: (i) -x+3/2, y+1/2, z+5/4; (ii) y, x, z+1; (iii) x+1, y, z; (iv) -x+1/2, y-1/2, -z+5/4; (v) -
y+1, x+1, -z+3/2; (vi) -x+1/2, y+1/2, -z+5/4.

Document origin: publCIF [Westrip, S. P. (2010). J. Apply. Cryst., 43, 920-925].

Mean plane calculation

Least-squares planes (X,y,z in crystal coordinates) and deviations from them
(* indicates atom used to define plane)

6.7639 (0.0060) x + 5.2864 (0.0080) y + 8.2552 (0.0545) z = 10.3639 (0.0294)

0.0368 (0.0026) N1
-0.0145 (0.0027) C8
-0.0181 (0.0031) C9
-0.0006 (0.0026) C10
0.0240 (0.0027) N2
0.0031 (0.0032) C11
-0.0308 (0.0023) 05

* K K X X X X

Rms deviation of fitted atoms = 0.0221
5.2864 (0.0080) x + 6.7639 (0.0060) y - 8.2552 (0.0543) z=2.1087 (0.0250)

Angle to previous plane (with approximate esd) = 28.483 ( 0.119)

0.0368 (0.0027) N1_$2
-0.0145 (0.0027) C8_$2
-0.0181 (0.0031) C9_$2
-0.0006 (0.0026) C10_$2
0.0240 (0.0027) N2_$2
0.0032 (0.0032) C11_$2
-0.0308 (0.0022) O5_$2

* K X X X X X

Rms deviation of fitted atoms = 0.0221
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JWEL1 size 0.06 X 0.04 x 0.02 mm

Plot 1. Showing 50% atomic displacement ellipsoids
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Plot 2. Intermolecular “base-pair” H-bonding (dashed red lines)

Plot 3. H-bonding to adjacent molecules
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Plot 4. “Slice” to show that the H-bond framework defines curved cavity for the pyrimidine groups i.e
the non-planar link may be an effect of the supramolecular H-bond network.
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Plot 5. Position of the methyl group relative to the pyrimidine ring.
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nd
Plot 6. Position of the methyl group relative to the H-bonded dimer (carbons of 2

molecule shown in pale blue).
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Plot 9. Unit cell plot viewed down the c axis (4-fold screw axis)
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Compound 11 (JWE2)
C12H16NZOSS

Colourless block
0.09 x 0.04 x 0.02 mm
Comments

Reasonably good quality data were obtained on a small, colourless crystal. The structure refined
to a final R1 of 5.4% in the chiral space group P1 with four independent molecules in the
asymmetric unit, the absolute configuration was determined independently by the X-ray
experiment (absolute structure parameter -0.005 (18))

The molecular structure of one of the molecules is shown above (Plot), there are three other
independent molecules (i.e. not related by symmetry)in the asymmetric unit, these have the same
labelling system but with suffixes B, C and D. All four molecules have the same absolute
configuration, the differences between them are small conformational changes, probably due to
packing in the solid state.

In molecule C the methyl sulfonate is disordered by rotation about the O6C — S1C bond.
Molecule B has a slight rotational disorder of the pyrimidine ring, most noticeable at the methyl
group. These have each been modelled as 56:44% occupancy of two positions related by
rotation. There do not seem to be any unusual bond lengths or angles. (To have more than one
independent molecule in the asymmetric unit is unusual, however I am satisfied it is genuine in
this case — rather than due to missed symmetry.)

The molecules form dimeric “base-paired” units by hydrogen bonding between pyrimidine
groups (involving N2and O4 on each molecule (see H-bond Table and PPT). In contrast to the
previous structure JWE1, the pyrimidine pairs in this structure are almost coplanar (interplanar
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angles 12.5(9)° and 4.8(3)° for the pyrimidine rings of molecules A & B and C & D,
respectively).

The alcohol group (02) of each molecule also undergoes hydrogen bonding to the carbonyls O5
and O4 of a neighbouring “base pair”’ (H-bond table). For molecule A these two H-bonds are
approximately equivalent but for the other molecules they are more asymmetric with the 0205
interaction more convincing. The net effect of the intramolecular hydrogen bonding is to link the
molecules into 2D sheets running parallel to the (101) plane.

In comparison to JWEI1, the current compound appears to have better access around the
pyrimidine ring (see Plot 11).

Experimental

The data were collected at 100(2)K on a Synergy, Dualflex, AtlasS2 diffractometer using CuKa
radiation (. = 1.54184 A) and the CrysAlis PRO 1.171.39.12b suite'. Using SHELXLE? the
structure was solved by dual space methods (SHELXT?) and refined on F* using all the
reflections (SHELXL-2016°). All the non-hydrogen atoms were refined using anisotropic atomic
displacement parameters. Hydrogen atoms bonded to carbon were inserted at calculated positions
using a riding model; those bonded to oxygen or nitrogen were located from difference maps and
their coordinates refined. The methylsulfonate group of one molecule (C) was disordered, this
was modelled as 56:44% occupancy of two conformations related by rotation about the C6C —
S1C bond. Part of the pyrimidine group of molecule B was also disordered; since this section is
close to the disordered methylsulfonate it was modelled with the same 56:44% occupancy of two

sites. Parameters for data collection and refinement are summarised in Table 1.

1. CrysAlis PRO 1.171.39.12b , Rigaku Oxford Diffraction, 2015.
2. C.B. Hiibschle, G.M. Sheldrick and B. Dittrich. J. Appl. Cryst., 2011, 44, 1281-1284.
3. G.M. Sheldrick, Acta Cryst., 2015, A71, 3-8.
4. G.M. Sheldrick, Acta Cryst., 2015, C71, 3-8.

Crystal data JWE2

CioHi6N20sS V=1480.64 (7) A’

M, =348.33 7=4

Triclinic, P1 Dy =1.563 Mg m™

a=9.0609 (3) A Cu Ko radiation, A = 1.54184 A

b=10.3679 (2) A F(000) = 728

c=16.4856 (4) A =239 mm’
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o =82.494 (2)° T'=100K
B =85.478 (2)° Block, colourless

y=74.878 (2)°

32404 measured reflections h=-10—>10
10353 independent reflections k=-12—>12

9332 reflections with 7> 2o([) [=-19—19

R =0.051 916 parameters
S§=1.05 82 restraints
WR(F?) = 0.146 (A/G)max < 0.001
Absolute structure parameter: -0.005 (18) Amax = 0.55 ¢ A~
R[F* > 26(F?)] = 0.054 Adpmin = -0.43 ¢ A7

Computing details: Data collection: CrysAlis PRO 1.171.39.12b (Rigaku OD, 2015); cell
refinement: CrysAlis PRO 1.171.39.12b (Rigaku OD, 2015); data reduction: CrysAlis PRO
1.171.39.12b (Rigaku OD, 2015); program(s) used to solve structure: SHELXT 2014/5
(Sheldrick, 2014); program(s) used to refine structure: SHELXL2016/6 (Sheldrick, 2016);
molecular graphics: Mercury (Macrae at al., 2008); software used to prepare material for

publication: publCIF (Westrip, 2010).

Geometric parameters (A, °) for JWE2.(Atoms with suffixes X or Y are the minor components of

disorder on molecules C and B, respectively)

SIA—O08A 1.413 (5) C8Y—C9Y 1.517 (14)
SIA—O07A 1.423 (6) S1C—07X 1.382 (13)
SIA—O06A 1.576 (5) S1C—O07C 1.403 (10)
SIA—CI2A 1.728 (8) S1C—08X 1.437 (11)
O1A—CIA 1.430 (7) S1C—O08C 1.439 (9)
O1A—C4A 1.457 (8) S1C—06C 1.575 (5)
02A—C3A 1.390 (9) S1C—Cl12X 1.653 (18)
03A—C2A 1.430 (8) S1C—Cl12C 1.774 (11)
03A—C6A 1.446 (9) 01C—CIC 1.423 (7)
04A—C10A 1.227 (7) 01C—CAC 1.453 (9)
05A—Cl11A 1.236 (7) 02C—C3C 1.396 (8)
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06A—C5A 1.454 (8) 03C—C2C 1.428 (8)
NIA—Cl1A 1.373 (7) 03C—C6C 1.460 (8)
NIA—C7A 1.383 (7) 04C—C10C 1.224 (8)
NIA—CIA 1.488 (7) 05C—C11C 1.237 (7)
N2A—Cl11A 1.360 (7) 06C—C5C 1.447 (8)
N2A—C10A 1.388 (7) N1C—Cl11C 1.382 (8)
CIA—C2A 1.520 (10) N1C—C7C 1.391 (8)
C2A—C3A 1.529 (9) N1C—CIC 1.467 (8)
C3A—C4A 1.536 (9) N2C—C11C 1.346 (8)
C4A—C5A 1.495 (9) N2C—C10C 1.380 (8)
C4A—C6A 1.525 (9) clc—c2c 1.529 (9)
C7A—C8A 1.347 (8) C2C—C3C 1.529 (8)
C8A—CI10A 1.437 (8) C3C—C4C 1.543 (9)
C8A—C9A 1.504 (8) C4C—C5C 1.498 (9)
S1B—O7B 1.411 (6) C4C—C6C 1.518 (9)
S1B—O8B 1.433 (5) C7C—C8C 1.327 (9)
S1B—O6B 1.575 (5) C8C—C10C 1.449 (9)
SIB—CI2B 1.733 (7) C8C—C9C 1.497 (9)
01B—CIB 1.411 (7) S1D—O07D 1.420 (6)
O1B—C4B 1.454 (8) S1D—08D 1.427 (5)
02B—C3B 1.396 (8) S1D—06D 1.583 (5)
03B—C2B 1.440 (7) SID—CI12D 1.733 (7)
03B—C6B 1.446 (8) 01D—CID 1.430 (8)
04B—C10Y 1.229 (7) 01D—C4D 1.466 (8)
04B—C10B 1.229 (7) 02D—C3D 1.392 (8)
05B—CI11B 1.227 (7) 03D—C2D 1.435 (7)
06B—C5B 1.457 (8) 03D—C6D 1.450 (8)
NIB—Cl11B 1.362 (8) 04D—C10D 1.233 (8)
NI1B—C7Y 1.36 (4) 05D—CI11D 1.235 (8)
N1B—C7B 1.44 (4) 06D—C5D 1.455 (8)
NI1B—CIB 1.493 (7) NID—C11D 1.365 (8)
N2B—C11B 1.369 (7) N1D—C7D 1.395 (8)
N2B—C10B 1.386 (8) NID—CID 1.487 (8)
N2B—C10Y 1.386 (8) N2D—C11D 1.358 (9)
C1B—C2B 1.524 (10) N2D—C10D 1372 (8)
C2B—C3B 1.525 (8) C1D—C2D 1.528 (9)
C3B—C4B 1.535 (9) C2D—C3D 1.535 (8)
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C4B—C5B 1.497 (9) C3D—C4D 1.522 (9)
C4B—C6B 1.520 (8) C4D—C5D 1.504 (9)
C7B—C8B 1.330 (18) C4D—C6D 1.518 (9)
C8B—C10B 1.456 (18) C7D—C8D 1.332 (9)
C8B—C9B 1.519 (18) C8D—C10D 1.450 (9)
C7Y—C8Y 1.330 (15) C8D—C9D 1.511 (9)
C8Y—C10Y 1.447 (15)

08A—SIA—O7A 118.9 (3) 05B—C11B—N2B 122.1 (5)
08A—S1A—OGA 109.7 (3) NI1B—CI11B—N2B 115.6 (5)
07A—S1A—O6A 107.7 (4) 07X—S1C—08X 117.2 (9)
08A—SIA—CI2A 110.0 (3) 07C—S1C—08C 119.8 (6)
O7A—SIA—CI2A 109.5 (4) 07X—S1C—06C 104.4 (6)
06A—SIA—CI2A 99.2 (4) 07C—S1C—06C 109.9 (5)
CIA—O1A—C4A 106.2 (5) 08X—S1C—06C 104.0 (5)
C2A—03A—C6A 106.8 (5) 08C—S81C—06C 111.0 (4)
C5A—O06A—SI1A 119.3 (4) 07X—S1C—C12X 114.6 (10)
Cl1A—NIA—C7A 121.0 (5) 08X—S1C—C12X 111.9 (9)
ClIA—NIA—CIA 115.9 (5) 06C—S1C—C12X 102.8 (7)
C7A—NIA—CIA 123.1 (5) 07C—S1C—Cl12C 108.5 (6)
Cl1A—N2A—CI10A 126.3 (5) 08C—S1C—Cl12C 107.3 (5)
OlA—CIA—NIA 109.1 (5) 06C—S1C—Cl12C 98.0 (4)
O1A—CIA—C2A 103.1 (5) C1C—01C—C4C 106.1 (5)
NIA—CIA—C2A 112.9 (5) C2C—03C—C6C 105.7 (5)
03A—C2A—CI1A 105.8 (6) C5C—06C—S1C 118.2 (4)
03A—C2A—C3A 103.8 (5) Cl11C—N1C—C7C 120.2 (5)
CIA—C2A—C3A 100.4 (5) Cl11C—N1C—CIC 116.0 (5)
02A—C3A—C2A 113.8 (6) C7C—N1C—CIC 123.6 (5)
02A—C3A—C4A 115.9 (6) C11C—N2C—C10C 127.0 (6)
C2A—C3A—C4A 90.8 (5) 01C—CI1C—NIC 110.5 (5)
O1A—C4A—C5A 110.6 (5) 01C—C1C—C2C 103.1 (5)
O1A—C4A—C6A 106.4 (6) N1C—C1C—C2C 1152 (5)
C5A—C4A—C6A 114.2 (5) 03C—C2C—CIC 106.3 (5)
O1A—C4A—C3A 101.9 (5) 03C—C2C—C3C 104.4 (5)
C5A—C4A—C3A 121.1 (6) C1C—C2C—C3C 100.5 (5)
C6A—C4A—C3A 101.1 (5) 02C—C3C—C2C 111.8 (5)
O6A—C5A—C4A 106.9 (5) 02C—C3C—C4C 114.4 (5)
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03A—C6A—C4A 102.0 (5) C2C—C3C—CAC 90.1 (5)
C8A—C7A—NIA 122.5 (5) 01C—C4C—C5C 110.6 (6)
C7A—C8A—C10A 118.8 (5) 01C—C4C—C6C 108.2 (6)
C7A—C8A—C9A 123.4 (6) C5C—C4C—C6C 114.6 (5)
C10A—C8A—C9A 117.6 (5) 01C—C4C—C3C 101.7 (5)
04A—C10A—N2A 120.1 (5) C5C—C4C—C3C 119.5 (6)
04A—C10A—C8A 124.6 (5) C6C—C4C—C3C 100.9 (5)
N2A—C10A—C8A 115.3 (5) 06C—C5C—C4C 107.7 (5)
05A—C11A—N2A 121.9 (5) 03C—C6C—C4C 102.3 (5)
05A—C11A—NIA 122.0 (5) C8C—C7C—NIC 123.5 (6)
N2A—Cl1A—NI1A 116.0 (5) C7C—C8C—C10C 118.1 (6)
O7B—S1B—O08B 118.7 (3) C7C—C8C—C9C 124.6 (6)
07B—S1B—O6B 108.5 (4) C10C—C8C—C9C 117.1 (6)
08B—S1B—O06B 109.6 (3) 04C—C10C—N2C 120.0 (6)
07B—S1B—CI12B 109.6 (4) 04C—C10C—C8C 124.6 (6)
08B—SIB—CI2B 110.4 (3) N2C—C10C—C8C 115.4 (6)
06B—S1B—C12B 98.2 (3) 05C—C11C—N2C 123.2 (6)
C1B—O1B—C4B 106.5 (5) 05C—C11C—NIC 121.1 (6)
C2B—03B—C6B 106.1 (4) N2C—C11C—NIC 115.7 (5)
C5B—06B—SI1B 117.4 (4) 07D—S1D—08D 119.1 (3)
Cl11B—NI1B—C7Y 120.6 (10) 07D—S1D—06D 107.9 (4)
Cl11B—NI1B—C7B 120.8 (12) 08D—S1D—06D 108.9 (3)
Cl11B—NI1B—CIB 116.7 (5) 07D—S1D—CI12D 109.8 (4)
C7Y—NIB—CIB 122.4 (11) 08D—S1D—CI2D 110.3 (4)
C7B—NIB—CIB 121.7 (12) 06D—S1D—C12D 98.9 (3)

C11B—N2B—C10B 126.3 (5) C1D—O1D—C4D 105.7 (5)
C11B—N2B—C10Y 126.3 (5) C2D—03D—C6D 106.9 (4)
O1B—CIB—NIB 109.1 (5) C5D—06D—S1D 118.5 (4)
O1B—CI1B—C2B 103.4 (5) C11D—NID—C7D 121.2 (5)
NI1B—C1B—C2B 113.0 (5) Cl11D—NID—CID 116.5 (5)
03B—C2B—CIB 105.2 (5) C7D—NID—CID 122.1(5)
03B—C2B—C3B 104.0 (5) C11D—N2D—C10D 126.7 (6)
CIB—C2B—C3B 100.2 (5) 01D—CID—NID 109.1 (5)
02B—C3B—C2B 111.6 (5) 01D—C1D—C2D 103.1 (5)
02B—C3B—C4B 115.1 (5) NID—CID—C2D 113.3 (5)
C2B—C3B—C4B 90.8 (5) 03D—C2D—CID 105.7 (5)
O1B—C4B—C5B 110.6 (6) 03D—C2D—C3D 103.6 (5)
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O1B—C4B—C6B 106.3 (5) C1D—C2D—C3D 99.9 (5)
C5B—C4B—C6B 115.7 (5) 02D—C3D—C4D 114.1 (5)
O1B—C4B—C3B 102.1 (5) 02D—C3D—C2D 112.1 (5)
C5B—C4B—C3B 119.7 (6) C4D—C3D—C2D 90.7 (5)
C6B—C4B—C3B 100.8 (5) 01D—C4D—C5D 109.6 (5)
O6B—C5B—C4B 106.9 (5) 01D—C4D—C6D 106.8 (5)
03B—C6B—C4B 102.5 (5) C5D—C4D—C6D 115.0 (5)
C8B—C7B—NIB 122 3) 01D—C4D—C3D 102.7 (5)
C7B—C8B—C10B 118 (2) C5D—C4D—C3D 119.8 (5)
C7B—C8B—C9B 122 (2) C6D—C4D—C3D 101.5 (5)
C10B—C8B—C9B 118.8 (19) 06D—C5D—C4D 107.7 (5)
04B—C10B—N2B 118.9 (5) 03D—C6D—C4D 101.5 (5)
04B—C10B—C8B 124.6 (12) C8D—C7D—NID 122.5 (6)
N2B—C10B—C8B 115.3 (12) C7D—C8D—C10D 118.3 (6)
C8Y—C7Y—NIB 124 (2) C7D—C8D—C9D 123.9 (6)
C7Y—C8Y—C10Y 117.8 (18) C10D—C8D—C9D 117.7 (5)
C7Y—C8Y—C9Y 123.6 (18) 04D—C10D—N2D 120.6 (6)
C10Y—C8Y—C9Y 118.2 (14) 04D—C10D—C8D 123.8 (6)
04B—C10Y—N2B 118.9 (5) N2D—C10D—C8D 115.6 (5)
04B—C10Y—C8Y 126.1 (10) 05D—C11D—N2D 121.9 (6)
N2B—C10Y—C8Y 114.5 (9) 05D—C11D—NID 122.4 (6)
05B—C11B—NIB 122.4 (5) N2D—C11D—NID 115.6 (5)
08A—SIA—06A—C5A  |-21.6(8) C7B—NIB—CIlIB—N2B |8 (3)
O7A—SI1A—06A—C5A  |109.1(7) CIB—NIB—CIlIB—N2B [178.4(5)
CI2A—SIA—06A—C5A  |-136.8 (7) C10B—N2B—C11B—O05B |-177.6 (6)
C4A—O1A—CIA—NIA |-118.4(5) C10Y—N2B—C11B—O5B |-177.6 (6)
C4A—O1A—CIA—C2A  |1.9(6) C10B—N2B—C11B—NIB [2.7 (9)
ClIA—NIA—CIA—OlA |-171.6(5) C10Y—N2B—C11B—NIB [2.7(9)
CJIA—NIA—CIA—OIA  |9.8(8) 07X—S1C—06C—C5C  |173.8(10)
ClIA—NIA—CIA—C2A |745(7) 07C—S1C—06C—C5C  |110.2 (8)
CTA—NIA—CIA—C2A  |-104.2 (7) 08X—S1C—06C—C5C  |50.5(8)
C6A—03A—C2A—CIA  |-71.8(7) 08C—S81C—06C—C5C  |-24.7 (8)
C6A—O03A—C2A—C3A  |33.4(8) C12X—S1C—06C—C5C  |-66.3 (10)
OIA—CIA—C2A—03A  |69.5(6) C12C—S1C—06C—C5C  |-136.8 (7)
NIA—CIA—C2A—03A  |-173.0 (5) C4C—01C—CIC—NIC  |-123.5(5)
OlA—CIA—C2A—C3A  |-38.3(6) C4C—01C—CI1C—C2C  [0.1(6)
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NIA—CIA—C2A—C3A  |79.3(6) Cl11C—N1C—CIC—O0IC  |-168.3 (5)
03A—C2A—C3A—02A 652 (8) C7C—NIC—CIC—O0IC  |15.7(8)
CIA—C2A—C3A—02A  |174.5(6) Cl11C—NIC—CIC—C2C  |75.5(7)
03A—C2A—C3A—C4A  |-53.6 (6) C7C—NI1C—CIC—C2C  |-100.5 (7)
CIA—C2A—C3A—C4A  |55.6(5) C6C—03C—C2C—CIC  |-71.7(6)
CIA—OlA—C4A—CS5A  |165.1(5) C6C—03C—C2C—C3C  |34.0(7)
CIA—OlA—C4A—C6A  |-70.3 (6) 01C—C1C—C2C—03C  |71.1(6)
CIA—OIA—C4A—C3A  [35.2(6) NIC—C1C—C2C—03C  |-168.5 (5)
02A—C3A—C4A—Ol1A  |-172.4(6) 01C—C1C—C2C—C3C  |-37.4(6)
C2A—C3A—C4A—Ol1A  |-553(5) N1C—C1C—C2C—C3C  |83.0(6)
02A—C3A—C4A—CSA  |64.5(8) 03C—C2C—C3C—02C  |61.9(6)
C2A—C3A—C4A—C5A  |-178.5 (6) C1C—C2C—C3C—02C  |171.9(5)
02A—C3A—C4A—C6A  |-62.8(7) 03C—C2C—C3C—C4C  |-54.6 (5)
C2A—C3A—C4A—C6A 543 (6) C1C—C2C—C3C—C4C  |55.5(5)
SIA—06A—C5A—C4A  |171.1(6) CIC—01C—C4C—C5C  |165.0 (5)
OlA—C4A—C5A—06A  |-59.9 (8) CIC—01C—C4C—C6C  |-68.7 (6)
C6A—C4A—C5A—O06A  |-179.9 (7) CIC—01C—C4C—C3C  |37.0(6)
C3A—C4A—C5A—O06A  |59.0 (8) 02C—C3C—C4C—O01C  |-170.6 (5)
C2A—03A—C6A—C4A  [3.2(8) C2C—C3C—C4C—O0IC  |-56.5(5)
OlA—C4A—C6A—03A  |67.8(7) 02C—C3C—C4C—C5C  |67.4(8)
C5A—C4A—C6A—O03A  |-169.9 (6) C2C—C3C—C4C—C5C  |-178.5 (6)
C3A—C4A—C6A—03A  |-383(7) 02C—C3C—C4C—C6C  |-59.2(7)
Cl1A—NIA—C7TA—C8A |-0.6 (10) C2C—C3C—CAC—C6C  |54.9 (6)
CIA—NIA—C7A—C8A  |178.0(6) S1C—06C—C5C—C4C  [176.6 (5)
NIA—C7A—C8A—C10A |-1.3(10) 01C—C4C—C5C—06C  |-59.4 (8)
NIA—C7A—C8A—C9A  |-177.8 (7) C6C—C4C—C5C—06C  |177.9 (6)
Cl11A—N2A—C10A—O4A |-179.6 (6) C3C—C4C—C5C—06C  |58.1(8)
Cl1A—N2A—C10A—C8A |-2.4 (9) C2C—03C—C6C—C4C  [3.5(7)
CTA—C8A—CI10A—O4A  |179.7 (7) 01C—C4C—C6C—03C  |67.4(7)
C9A—C8A—CI10A—O4A |-3.6 (10) C5C—C4C—C6C—03C  |-168.6 (6)
CTA—C8A—CI0A—N2A  [2.6(9) C3C—C4C—C6C—O03C  |-38.9(7)
C9A—C8A—CI0A—N2A  |179.4 (6) Cl11C—N1C—C7C—C8C  |1.3(9)
C10A—N2A—C11A—O5A |-178.7 (6) CIC—N1C—C7C—C8C  |177.2(6)
C10A—N2A—C11A—NIA [0.6(9) N1C—C7C—C8C—C10C 0.7 (9)
CTA—NIA—CI1A—05A |-179.7 (6) N1C—C7C—C8C—C9C  |-174.6 (6)
CIA—NIA—CIIA—05A |1.6(9) C11C—N2C—C10C—04C |179.9 (7)
CTA—NIA—CIIA—N2A |1.0(8) C11C—N2C—C10C—C8C |-1.9 (10)
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CIA—NIA—CIIA—N2A |-177.7 (5) C7C—C8C—C10C—O04C  |177.6 (7)
O7B—S1B—06B—C5B  |93.0(7) C9C—C8C—C10C—O04C  |-6.7 (10)
08B—S1B—06B—C5B  |-37.9(7) C7C—C8C—C10C—N2C  |-0.5 (9)
C12B—SIB—06B—C5B  |-153.1 (6) C9C—C8C—C10C—N2C  |175.2 (6)
C4B—OI1B—CIB—NIB  |-1182(5) C10C—N2C—C11C—05C |-176.4 (7)
C4B—OIB—CIB—C2B  [2.3(6) C10C—N2C—C11C—NIC [3.8(10)
Cl11B—NIB—CIB—OIB |-167.9(5) C7C—NI1C—C11C—05C  |176.9 (6)
C7Y—NIB—CIB—OIB  |18(2) CIC—NI1C—C11C—05C 0.7 (9)
C7B—NIB—CIB—OIB  [2(3) C7C—NIC—Cl1C—N2C  |-3.4(8)
Cl11B—NIB—CIB—C2B |77.7(7) CIC—NIC—C11C—N2C  |-179.5 (5)
C7Y—NIB—CIB—C2B |96 (2) 07D—SID—06D—C5D  |99.2 (6)
C7B—NIB—CIB—C2B  [-112(3) 08D—SID—06D—C5D  |-31.4(7)
C6B—03B—C2B—CIB  |-72.2(6) C12D—S1D—06D—CSD  |-146.5 (6)
C6B—03B—C2B—C3B  [32.7(7) C4D—OID—CID—NID  |-117.2 (5)
OIB—CIB—C2B—O03B  |69.3 (5) C4D—OID—CID—C2D  |3.5(6)
NIB—CIB—C2B—03B  [-172.9 (5) Cl11ID—NID—CID—OID |-173.3 (5)
OIB—CIB—C2B—C3B  |-38.4(6) C7D—NID—CID—OID  [12.0(8)
NIB—CIB—C2B—C3B  |79.5(6) ClID—NID—CID—C2D |72.5(7)
03B—C2B—C3B—02B  |64.0 (7) C7D—NID—CID—C2D  |-102.2(7)
C1B—C2B—C3B—02B 172.6 (5) C6D—03D—C2D—CID  |-72.9 (6)
03B—C2B—C3B—C4B  |-53.6 (5) C6D—03D—C2D—C3D  |31.7(6)
C1B—C2B—C3B—C4B 55.1(5) 0ID—CID—C2D—03D  |68.0(5)
C1B—O1B—C4B—C5B 162.9 (5) NID—CID—C2D—03D  |-174.2 (5)
CIB—OIB—C4B—C6B  |-70.7 (6) 01D—CID—C2D—C3D  |-39.3 (5)
CIB—OIB—C4B—C3B  [34.5(5) NID—CID—C2D—C3D  |78.5(6)
02B—C3B—C4B—OIB  |-169.2 (5) 03D—C2D—C3D—02D  |63.5 (6)
C2B—C3B—C4B—OIB  |-54.8(5) CID—C2D—C3D—02D  |172.5(5)
02B—C3B—C4B—C5B 683 (7) 03D—C2D—C3D—C4D  |-53.0 (5)
C2B—C3B—C4B—C5B -177.2 (6) CID—C2D—C3D—C4D  |56.0 (5)
02B—C3B—C4B—C6B  |-59.7 (6) CID—OID—C4D—C5D  |162.5(5)
C2B—C3B—C4B—C6B 547 (5) CID—OID—C4D—C6D  |-72.2 (6)
S1B—O06B—C5B—C4B 177.0 (5) CID—OID—C4D—C3D  |34.1(6)
OI1B—C4B—C5B—06B  |-57.0(8) 02D—C3D—C4D—O0ID  |-169.8 (5)
C6B—C4B—C5B—06B  |-178.0 (6) C2D—C3D—C4D—O01ID  |-55.2(5)
C3B—C4B—C5B—O06B  |61.1(8) 02D—C3D—C4D—CSD  |68.4(7)
C2B—03B—C6B—C4B  |4.2(7) C2D—C3D—C4D—C5D  |-176.9 (6)
OIB—C4B—C6B—03B  |67.0 (6) 02D—C3D—C4D—C6D  |-59.4 (6)
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C5B—C4B—C6B—03B -169.7 (6) C2D—C3D—C4D—C6D  [55.2(5)
C3B—C4B—C6B—03B -39.1 (6) SID—O06D—C5D—C4D  |166.7 (5)
C11B—NIB—C7B—C8B  |-8 (6) O1D—C4D—C5D—06D  |-55.3(7)
CIB—N1B—C7B—C8B -178 (3) C6D—C4D—C5D—06D  |-175.7 (6)
N1B—C7B—C8B—CI10B  |-3(6) C3D—C4D—C5D—06D  [62.9 (8)
N1B—C7B—C8B—C9B -176 (3) C2D—03D—C6D—C4D 4.8 (7)
C11B—N2B—C10B—04B [178.6 (6) O1D—C4D—C6D—03D  [67.3 (6)
C11B—N2B—C10B—C8B |-13.3 (17) C5D—C4D—C6D—O03D  |-170.8 (6)
C7B—C8B—CI10B—O0O4B  [-180 (3) C3D—C4D—C6D—O03D  |-39.9 (6)
C9B—C8B—CI10B—O04B  [-7(3) C11D—NID—C7D—C8D |-1.2(10)
C7B—C8B—CI10B—N2B |13 (4) CID—NID—C7D—C8D  |173.1(6)
C9B—C8B—CI0B—N2B  [-174 (2) NID—C7D—C8D—C10D [-0.3 (9)
C11B—NIB—C7Y—C8Y [4(5) NID—C7D—C8D—CI9D  |-178.1 (6)
CIB—NIB—C7Y—C8Y 178 (3) C11D—N2D—C10D—04D |[178.3 (7)
NI1B—C7Y—C8Y—CI0Y |5 (5) C11D—N2D—C10D—C8D |-4.1 (9)
NIB—C7Y—C8Y—C9Y  [179 (3) C7D—C8D—C10D—04D  |-179.8 (7)
C11B—N2B—C10Y—O04B [178.6 (6) C9D—C8D—C10D—04D  |-1.8 (10)
C11B—N2B—C10Y—C8Y (5.7 (14) C7D—C8D—CI10D—N2D 2.7 (9)
C7Y—C8Y—CI0Y—O04B  [178(2) C9D—C8D—C10D—N2D  |-179.3 (6)
COY—C8Y—CI0Y—O04B |4 (3) C10D—N2D—C11D—O05D |-177.2 (6)
C7Y—C8Y—CI0Y—N2B  [-9(3) C10D—N2D—C11D—NID |2.7 (10)
COY—C8Y—CIO0Y—N2B  [176.8 (14) C7D—NID—CI11D—O05D |-180.0 (6)
C7Y—NIB—C11B—O5B  [173 (2) CID—NID—C11D—O05D |5.4(10)
C7B—NIB—CI11B—O05B  |-171(3) C7D—NID—CI11D—N2D |0.2 (9)
CIB—NIB—CI11B—O05B  [-1.3(9) CID—NID—CI11D—N2D |-174.5 (6)
C7Y—NIB—C11B—N2B  [-8(2)
Hydrogen-bond geometry (A, °) for (jwe2)

D—H:-4 D—H DA D—H:--4
N24—H24---04B 0.94 (5) 1.88 (6) 2.816 (7) 174 (6)
N2B—H2B---044 0.94 (5) 1.82 (6) 2.754 (6) 174 (6)
N2C—H2C:--04D  [0.85(8) 1.96 (9) 2.805 (7) 171 (8)
N2D—H2D---04C  [0.71 (8) 2.14(8) 2.825(7) 162 (9)
024—H224---04C"  0.82 (6) 2.37(9) 3.039 (8) 140 (11)
024—H224---05D"  0.82 (6) 2.50 (11) 2.938 (9) 115 (10)
02B—H22B---04D" |0.81(5) 2.88(10) 3.163(7) 103(8)
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02B—H22B---05C"  |0.81 (5) 1.99 (6) 2.774 (7) 161 (10)
02C—H22C---044  |0.82 (5) 2.72(9) 3.168 (6) 117 (8)
02C—H22C---O5B  |0.82 (5) 2.09 (7) 2.815(7) 148 (9)
02D—H22D---04B™ |0.82(5) 2.92(9) 3.141(6) 98(6)
02D—H22D---054™ 0.82 (5) 1.96 (6) 2.765 (6) 166 (9)

Symmetry codes: (i) x-1, y, z+1; (ii) x, y-1, z; (iil) x+1, y+1, z-1.

Note: D-+A distances >~3.0 A and D—H-A angles <~110° are a bit suspect but included for
completeness.Least-squares planes (x,y,z in crystal coordinates) and deviations

from them
(* indicates atom used to define plane)
7.6182 (0.0127) x + 0.5271 (0.0275) y + 9.1298 (0.0354) z = 7.0292 (0.03406)

0.0092 (0.0042) N1A
-0.0005 (0.0046) C7A
-0.0113 (0.0047) cC8A
0.0151 (0.0043) C10A
-0.0076 (0.0042) N2A
-0.0049 (0.0040) Cl1ia
0.0028 (0.0090) oO4A

P S

Rms deviation of fitted atoms = 0.0093

7.3866 (0.0362) x - 1.5814 (0.1364) y + 7.5064 (0.1735) z = 5.2045 (0.1267)
Angle to previous plane (with approximate esd) = 12.531 ( 0.899 )

* 0.0695 (0.0197) N1B

* -0.0240 (0.0314) C7B

* -0.0507 (0.0258) C8B

* 0.0854 (0.0110) C10B

* -0.0470 (0.0103) N2B

* -0.0331 (0.0066) CllB
0.0798 (0.0195) 04B

Rms deviation of fitted atoms = 0.0556
7.9669 (0.0114) x + 0.1149 (0.0263) y + 7.5607 (0.0383) z = 10.4615 (0.0234)

0.0116 (0.0041) NI1C
0.0029 (0.0042) cC7C
-0.0095 (0.0045) c8cC
0.0012 (0.0045) cloc
0.0136 (0.0045) N2C
-0.0197 (0.0042) cC1l1cC

L .
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0.0334 (0.0100) o4cC

Rms deviation of fitted atoms = 0.0116

7.5840 (0.0126) x - 0.5106 (0.0272) y + 8.2675 (0.0365) z = 9.6143 (0.0317)
Angle to previous plane (with approximate esd) = 4.848 ( 0.329 )

-0.0099 (0.0043) N1D
0.0070 (0.0043) C7D
0.0068 (0.0045) C8D
-0.0191 (0.0041) C10D
0.0178 (0.0044) N2D
-0.0027 (0.0045) C11D
-0.0260 (0.0091) 04D

L T .

Rms deviation of fitted atoms = 0.0121

74



C12A C12B

o8B O7B

Cc12D
07D

Plot 10. The four independent molecules in the unit cell of 11 shown in similar orientations.
Minor components of disorder shown with dashed bonds.
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Plot 11. One complete asymmetric unit. Hydrogen bonds shownas dashed red
bonds, minor components of disorder shown as
dashed black lines.

Plot 12. Perspective view of molecules A and B. Non-hydrogen atoms
drawn with 50% probability ellipsoids, hydrogen bonds shown as dashed
red bonds. Minor component of disorder omitted for clarity.
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Plot 13. Perspective view of molecules C and D. Non-hydrogen atoms drawn
with 50% probability ellipsoids, hydrogen bonds shown as dashed red bonds.
Minor component of disorder omitted for clarity.
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A

o> >
v S

Plot 14. Section of hydrogen bonded sheet. In the lower plot the carbon
atoms are colour-coded to indicate the different independent molecules
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Plot 15. Unit cell packing plot viewed down the b axis.
Hydrogen bonds shown in red.

79



Plot 16. Unit cell packing plot viewed down the a axis.

Hydrogen bonds shown in red.
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Plot 17. Unit cell packing plot viewed down a body diagonal to show 2D H-bonded layers.

Hydrogen bonds shown in red.
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ba

Plot 18. Comparison of shown in red.ed down a body diagonal to s
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