General Papers ARKIVOC 2021, x, S1-S53

Supplementary Material

Facile conversion of 1,2-dicyanobenzene into chiral bisamidines

Mariano Goldberg,® Masaki Nakajima,? Michael Bolte,” and Michael W. Gébel*?

9Institute for Organic Chemistry and Chemical Biology, Goethe University Frankfurt,
Max-von-Laue-Str. 7, D-60438 Frankfurt am Main, Germany
binstitute for Inorganic and Analytical Chemistry, Goethe University Frankfurt,
Max-von-Laue-Str. 7, D-60438 Frankfurt am Main, Germany
Email: M.Goebel@chemie.uni-frankfurt.de

Table of Contents

'H and 3C NMR spectra

................................................................................................................. S2
Determination of enantiomeric purities by HPLC..........ooiiiiii it S36
Crystal structure determination of bisamiding 6@ ......ccciieeiiieeiiiiriiiiciiirrre e renes S37

Page S1 ©AUTHOR(S)


mailto:M.Goebel@chemie.uni-frankfurt.de

General Papers

ARKIVOC 2021, x, S1-S53

250 DMS0-di

F20000000

12000000

13000000

17000000

16000000

15000000

14000000

13000000

12000000

11000000

-10000000

2000000

8000000

7000000

Ha000000

5000000

4000000

3000000

F2000000

1000000

Lo

F-1000000

Pammeter Value
Fi SES5EIEE R = 1 Origin Bruker BioSpin
[--] P P P Fom Poa P P Poe T I =
e " B GrbH
| 1 Sovent D=0
| 3 Temperzture 980
4 Pulse Sequence 2g30_ns
5 Experiment 1D
& Probe & mm CPPEBC
BE-1Hf 19F D Z-
| — GRDZ130034/
v / / L 0003
7 MNumberof S=ns 32
ERES HEELE & Reiver Gain 45.2
Fom Fm Foe T Fom Fom P Foe 7 -
-1,0210° 9 Relaxation Delay 0. 1000
e e - 10 Pulse Width 11,2000
—8.[]:-:1[]‘5 11 Aoguisition Time 3.9599
12 Spectrometer 50018
5.0 10° Frequency
L 13 Spectral Width 10000.0
La.0x10° 14 lovest Frequengy 20035
15 Nudeus 1H
. L2.0108 16 Acuired Sz 39999
i I |
17 Spectral Sze 131072
ik N 0.0
T T T T
7.9 7.8 7.7 7.6
f1 (ppm)
‘I
[
\ __J - I I\ S
a oo T |
(=3 o (=3 8 [=]
= =1 =) = =
™ ™ ™ [ =
T T T~ T - 1 T T T "~ T T "~ T ~ T ~ T T "~ T T "1 T T L I B B LA L I R B L |
4 82 BOD 78 76 74 72 TO0O 68 66 64 62 60 58 56 5f.4[p5.2} 4.8 4.6 42 40 38 3.6 4 32 30 28 28 24 22
1 (ppm

H NMR spectrum of 6a (500 MHz, DMSO-ds)
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13C NMR spectrum of 6a (126 MHz, DMSO-ds)
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H NMR spectrum of 7a (300 MHz, DMSO-ds)

Page S4

©AUTHOR(S)



General Papers

ARKIVOC 2021, x, S1-S53

Ls.0x10°

15,55 10

L5.0x 10

4,5 10°

L4.0x 10"

13,55 10"

F3.0=10

12,5 10"

12.0%10°
F1.5x=10
a

F1.0=10

L5.0%10°

L-5.0%107

AV 300-2018-03-14-mggo.21455. 1. 1. 1r =
MG518 2
o ™ Mt oo [} E
@ = Mo oon @ o rd
Z B BREER | E d
A~ | [
3 Parameter Value
.o -6.05 10
o= 1 Orgn Eruker BinSpin GmbH
Qﬁ' 5.0 107 2 Sdvert DMSO
s 3 Temperature 298.2
H.0=10 4 Pukse Sequence zgpg30_ns
s 5 Experiment iD
3010 & Probe £ mm PABEC EE-1H/
! | O Z-GRD ZB62704/
|I F2.0= 10 0052
Ill'- 1,0 10"
A iy 7 Mumber of Scans 12000
_ - _e/l ‘\._____ Lo.o & Receiver Gain 2050.0
' 3 Relzmeston Delay 0.2000
T T T T T T 10 Pulse Width 10,0000
1294 1292 1290 1288 12836 128.4 11 Acyuisition Time 17537
f1 {ppm) o
Spedrometer 7544
Freguency
13 Spectral Width 19531.2
14 Lowest Frequency -2183.9
15 Nuckews 13C
16 Acquired Sze 24486
17 Speciral Sze 131072
I
|
| [ |
_L___‘L_J,__," i\ LY
r—~— 71 71 T %1 T 7 1 T 71 T 1T T 71T *F 1 " T * 1 *~ T "~ T " T * T *~ T * T * T " T "™ T * 1
165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 a0 85 B0 75 70 65 &0 55 50 45 40 35
f1 (ppm)
13C NMR spectrum of 7a (75 MHz, DMSO-ds)
Page S5 ©AUTHOR(S)



General Papers

ARKIVOC 2021, x, S1-S53

AV300-2018-03-15-mago.2 1467, 1,1, 1r 4 | 7500000
MG 517 :
g 29 gabean 2 : 7000000
— [=a -] I'"\-.l"\-.l"\-.l'"\-.l":-.l"\-. L [y
A S I |
| 6500000
| [ Parameter Value
[ 1 Origin Bruke r BicSpin GmbH
| 2 Solvent DMSD 6000000
‘ II 3 Tempermturs 2983
- | | |4 Pulse Sequence 230_rs 5500000
[ | | (|5 Experiment 10
— 1 L ~ |6 Probe & mm PAEBD BE-1H/
D Z-GRD ZE62701/ 5000000
D052
24 24 EERR 7 Number of Scans 16 4500000
s % ey [0 & RecsiverGan 280
i ."I e 9 Rebxation Deby 0.1000 | an000a0
— o s 3000000 10 Pulse Width 10,1000
| 11 Acquistion Time £.1489
Iy 12 romet 00.03 3500000
| [l.l -2000000 Eitssyieiiv
| 13 SpectrslWidth 5595.2
‘ || | ! 1000000 14 Lowest Freguency -1203.5 3000000
|| | | r'uﬁl )|"'|| 15 Nudeus 1H
) | jred Sze 36864 2500000
Ued_ W \\ 16 Acqui
_?fd.: "’E ;—I g [0 17 Specirsl See 262144
= = = o =1
T ™ ™ T T T LSRR T AT T _ZDUDDUD
83 8.2 8.1 80 79 7.8 7.7 76 7.5 7.4 7.3
f1 (ppm)
1500000
i 1000000
[
L|| | 500000
J I | \ r| l'{II ‘
A P . N AN TSVCL PR, 't
F I 'IJI|II !"_‘ I||I F | 1
™~ o
g 88  g3Z g 200000
= ™ 03— ™ =
T T T T T B T T T T T T T T T T L T T T T T T T T T T T T T
115 110 10.5 10,0 9.5 9.0 8.5 8.0 7.5 7.0 5.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f1 {(ppm)

'H NMR spectrum of 8a (300 MHz, DMSO-ds)
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13C NMR spectrum of 8a (75 MHz, DMSO-ds)
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'H NMR spectrum of 6b (500 MHz, DMSO-ds)
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13C NMR spectrum of 6b (126 MHz, DMSO-ds)
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'H NMR spectrum of 7b (300 MHz, DMSO-ds)
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13C NMR spectrum of 7b (75 MHz, DMSO-ds)
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'H NMR spectrum of 8b (300 MHz, DMSO-ds)
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13C NMR spectrum of 8b (75 MHz, DMSO-ds)
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f1 (ppm)
'H NMR spectrum of 5¢c-2HCI (300 MHz, DMSO-ds)
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3 Relzxation Delay

10 Pulse Width

11 Aoquisition Time

12 Spectrometar
Frequency

13 Spectral Width
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0.0
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13C NMR spectrum of 5¢-2HCI (75 MHz, DMSO-de)
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Liox10” 9 Relaxation Delay 0.1000 :
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A AR u'l”‘..fu".t__!__ loo 12 Spectrometer Frequency 300,03 L1.4%10
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T I T T ] T T T T T T
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'H NMR spectrum of 5¢ (300 MHz, DMSO-ds)
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Tempem=turs
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10 Puise Width
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12 Spectrometer Freguency 75.44

13 Spectral Width

14 Lowest Freguency
15 Mudeus

16 Acyired Sie

17 Spectral Sze
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Bruker BicSpin GbH
CsC
2581
zgpg30_ns
10

5 mm PABBOEBE-1H D
Z-GRD ZB6 270 1f 0052

1024
2050.0
0.2000
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-2184.3
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32678
262144
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ba.0x 107

L8.0x10°

L7.0%10°
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L5.0x10°
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L3.0x10°

F2.0x10°

1.0%10°

T T T T T T T T T T T T
45 140 135 130 125 120 115 110 105 100 95 90

f1 (ppm)
13C NMR spectrum of 5¢ (75 MHz, DMSO-ds)
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EBC 50051 BE-HEFD-05
ZIT)
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13 Spectral Width B000.0
| 2 14 Lovest Frequency -1004.0
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f1 (ppm)
'H NMR spectrum of 6¢ (500 MHz, DMSO-ds)
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| F5.0=10" 5 Experimert 0
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11 Amuisition Time 1,0457
12 Spectrometer 125.77
Freguency
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14 lowsst Frequency  -3184.4
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PNFRIPRIY VI b P ) "
T T T T T T T T T T T T T T T T T T T T T T L T T T T T
70 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 B85 8O0 75 M 65 &0 55 50 45 40 35
f1 (ppm)
13C NMR spectrum of 6¢ (126 MHz, DMSO-ds)
Page S19 ©AUTHOR(S)

1.00%10"

1.80%10%

1,70 %10%

L1.60%10°

L1.50%10°

-1,4010"

1,30 =10"

1.20x10%

11,10 > 10

L1.00%10°
Lg.00%10°
L8.00x10°
L7.00%107
L6.00%107
L5.00%10°
L4.00x10°
3.00%10°
L2.00%10°
1.00%107

0,00




General Papers

ARKIVOC 2021, x, S1-S53

AV500-2018-11-28-mggo.26990, 1. 1. 1r =
MG 560 =
Hl_le_ns DMSO fnmrjgo go 38 5
o BEEREIRHERREERER 0 =
"|| O?_mhhhhhhhlhlhhhhh [Fy ] ™~
- r | I I Parmmeter Vabe
I
| | I| [ 1 Origin Bruker BioSpin GrbH
I (f | | || | |2 sohent oMSO
J L | |3 Tempersture 238.0
- co ' - 4 Pulse Sequene 2030 _rs
5 Ecperiment il
e ox 107 & Probe Z130034_D003 (CPP
2 KR gnBnneeese [ i RS
T = - l"\-\f"\-\lf'\-\.l"\-\ T == M= [ e e
| 'lj’ NS (47 [soxw0] 7 MumbercfScans 64
Vi / ) yays ; 8 RecsiverGan 101.0
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'H NMR spectrum of 7¢ (500 MHz, DMSO-ds)
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MG 560
Cl%lHdec_Iong DMSO fnmrjgo go 38 cczznsuzasos . |4 0 10°
z TERERRREARE E
| S Nt
3.5 107
Parameter Value
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1.0 10° 4 Puke Sequence zgpg3d
2583 REE3E3 2 5 ' i
REES  ARRREA R B | o - 25 10°
7 & Probe Z130034_0003 (CPP BBO <
WY SN | r8.0=10 50051 BE-HEFD-05 ZLT)
r . 7 Number of Scans 4096
F6.0=10° & RecsiverGsin 2050.0
| 3 9 Relzxation Delay 0.5000 L2 0 10°
[ F4.0=10° 10 Puke Width 10,0000
il . L 11 fcquisition Time 1.0457
o _;l_.[]x][)? 12 Spedrometer 125,77
¥ | Freauency '
F1.5=10
.’U-H_JJL L 00 13 Spectral Width 312500
14 lowest Frequency -3184.0
T T T 15 M.ELELE 13C
135 130 125 16 Acquired Sze 32678
f1 (ppm) 17 Specirz|Ste 5535 L1.0%10%
| 5.0 107
[N
II 1
| | I l .
| |
l A JIL | J ( 0.0
T T T T T T T T T T L T T T T T T T T
1565 160 155 150 145 140 135 130 125 120 115 110 105 75 7/ &5 60 55 50 45 40 35
f1 (ppm)
13C NMR spectrum of 7¢ (126 MHz, DMSO-ds)
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H1_1D_ns CD 3CNgfnmr/go go 1 RARANEBEE RER S B %
s mmom & =
[ e |
Perameter Valus
[ f 1 Origin Bruker BioSpin GmbH
| 2 Sohent ferrie ]
‘ [ 3 Tempersture 2380
| 4 Pulse Sequencs zg30_ns
| | || - 5 Experiment 1D
_ | Il | / & FProbe Z130034_0003 (CPP
7 Y, EEO 50051 BB-HEF-
— — D05 ZLT)
7 Number of Scans [T
& RewmiverGEin 101.0
- 3 RebxationDeky  0.1000
SEEEY  AEEIRE 8 % lypa|omewar 2o
= (TS ?/’ I A 11 Acquistion Time 3.9938
) ) P S 12 Spectrometer 500,18
- — S | ; Frequency
F20210% 143 gpeciralwidth 8012.8
| . 14 Lowest Frequency  -1020.6
fl l 15 Mudsus 1H
| ‘ L1.0x10° | 16 Acquired Sze 31559
y | |‘| 17 Spectral Sze 131072
1
e
| TR jﬁ_ = — — g — 0.0
(=] [=] (=] [ (=]
=1 =1 P -] P
L} T ™ T = 1T 910 T — T
83 8.2 81 80 73 78 77 76 7.5 74
1 (ppm)
1
i \ :
] JA_ T A _d_,/\x__d L
' T o ' 1 1
- == SDS—GS =
= A a N3s3d &
T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 8.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f1 (ppm)
'H NMR spectrum of 8c (500 MHz, CDsCN)
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AEARAESEAANS A 8EE .50t e = | fl.5=10 & Receiver Gain 2050.0
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. | a 10 Puse Width 10,0000
r1.0:10 1.0=10 11 Amuisition Time 1.0457
' | 12 Spectrometer 135,77
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| . o.0a410 I.II 5010 13 Spectrzl Width 31250.0
N | Il | | 14 Lowest Frequency -3001.4
M_JL\ .Fil A m _MJI'JL'L Jd'“\__ Lo.0 b 0.0 15 Muckus 13C
———1— — T T T T T 16 Amuired Sze 32678
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|
| I
I
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JJ L ' l |
T T T T T T T T L T T T T T T T
160 150 140 130 120 110 100 90 20 70 &0 50 40 30 20 10
f1 (ppm)
13C NMR spectrum of 8c (126 MHz, CDsCN)
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MG 544G T:-
= i i b :
Vg “%Affﬂf{ﬁaﬁﬂd—”
|
| | Parmmeter Vilus
| | 1 Origin Eruler BicSpin GmbH
[ | 2 sohert DMSO
| [ . 3 Temperature 8.1
J— | [/ | 4 Pulse Sequence zg30_ns
- | / t Experiment 1D
& Probe 5 mm PABEO BE-1H/
' - oo 7000000 DZ-GRD 7862701/
B, - 0052
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o - | snaooan 7 NLni?erd Ffans 1€
L E RemiverGain 203.0
4000000 3 Relzxation Delay 0.1000
[ 2000000 10 Pulse Width 10,1000
B 11 Acquisition Trme 6.1489
2000000 12 Spectrometer Frequency 300.03
F 1000000 13 Spectral Width 55952
e 1y i 14 Lowest Frequency -1193.5
' A I e S 15 Nudews tH
g g - 16 Aoquired Size 38864
T ™ T T T
| a0 79 . 77 17 Spectral Gize 252144
f1 (ppm)
|
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| ! ‘
| I |
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= = =53 S=2 E
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1 (ppm
IH NMR spectrum of 6d (300 MHz, DMSO-ds)
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14,00 10"
13,00 10"
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0,00
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| | 1 e
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I . | Yy I| , EEO 50051 BE-HEF
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. I
g J - \\——N — 0.0 g ] 7 MNumber of Sens 4056
T T T T T T . .
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f1 (ppm) f1 (ppm) 3 Relaxation Deky  0.5000
10 Pulse Width 10,0000
11 Acqustion Time 10457
12 Spectrometer 125.77
Frequency
13 SpectralWidth 31250.0
14 Lovest Freguency -3082.8
15 Nudsus 13C
16 Acquired Sze 32678
17 Spectral Size 65536
1
1
I
1
1
T T T N T T T T T T J T T T T T T T T T T T L T T T T T T T T T T T
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13C NMR spectrum of 6d (126 MHz, CsDs)
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Farameter Vale
| f 1 Orgn Bruker BioSpin GrbH
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| 3 Temperature 2380
I."'_ s | | (|4 Pube Sequene zg30_rs
~ = bl - |5 Experiment D
& Probe S o PABEC) BE-THS
D Z-GRD ZE€2701
0052
7 Mumber of Scans 15
& Recsiver Gain 406.0
9 Relaxation Delay 10,1000
10 Puke Width 10,1000
11 Acquisition Time 6,1485
12 Spedtmometer Frequency 300,03
13 Spedr=|Width £995.2
14 Lowest Frequency -1203.2
15 Nucleus iH
16 Acquired Sze 35864
17 SpedmlSee 262144
[
| | r|
i 1 | III L
A VN 4 J - b
F | 1 III'II 'II I‘II F I 1
E S 5o E
T T T T T T T 1 L T T T T T T T T T T T T
12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 3.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 30 2.5 2.0
f1 (ppm)
IH NMR spectrum of 7d (300 MHz, DMSO-ds)
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E ﬁ E h f BED 50051 BE-HEF
= & o o o D05 ZLT)
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propanol 10:3 + 20 % CH-Cly)
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Chromatogram of 13 (DAICEL OJ, 254 nm, 0.8 ml/min, n-hexane/2-propanol 10:4)

Crystal structure determination of bisamidine 6a. Data were collected on a STOE IPDS I
two-circle diffractometer with a Genix Microfocus tube with mirror optics using MoK, radiation
(A =0.71073 A). The data were scaled using the frame scaling procedure in the X-AREA program
system (Stoe & Cie, 2002). The structure was solved by direct methods using the program
SHELXS (Sheldrick, 2008) and refined against F? with full-matrix least-squares techniques using
the program SHELXL (Sheldrick, 2008).

Due to the absence of anomalous scatterers, the absolute configuration could not be determined.
The H atom bonded to N was freely refined. One phenyl ring is disordered over two positions
with a site occupation factor of 0.531(15) for the major occupied site. The disordered atoms were
isotropically refined and bond lengths and angles in the disordered moieties were restrained to be
equal.

Stoe & Cie, X-AREA. Diffractometer control program system. Stoe & Cie, Darmstadt, Germany,

2002.
G. M. Sheldrick, Acta Crystallogr. Sect. A, 2008, 64, 112—122.
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Table 1. Crystal data and structure refinement for g1.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.000°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigmal(l)]

R indices (all data)

Absolute structure parameter
Largest diff. peak and hole

gl

C36 H3o N4

518.64

173(2) K

0.71073 A

Orthorhombic

P212121

a=10.9410(8) A o= 90°.
b =12.3493(17) A B=90°.
c=21.064(2) A y=90°.
2846.0(5) A3

4

1.210 Mg/m3

0.072 mm-1

1096

0.320 x 0.270 x 0.140 mm3
3.338 to 25.584°.

-13<=h<=12, -11<=k<=14, -21<=I<=25
8580

5272 [R(int) = 0.0590]

99.2 %

Semi-empirical from equivalents
1.000 and 0.705

Full-matrix least-squares on F2
5272 /36 /365

0.938

R1=0.0556, wR2 =0.1188
R1=0.0847, wR2 =0.1292
6.8(10)

0.277 and -0.308 e.A-3
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Azx
103) for g1. U(eq) is defined as one third of the trace of the orthogonalized Uil tensor.

X y z U(eq)
N(1) 3665(3) 2393(3) 6560(2) 30(1)
N(2) 4714(3) 1947(3) 5673(2) 28(1)
C(1) 3667(3) 1977(3) 5958(2) 28(1)
C(2) 4858(3) 2899(4) 6672(2) 33(1)
C(3) 5636(3) 2325(4) 6145(2) 33(2)
N(3) -48(3) 3309(3) 5711(2) 29(1)
N(4) 1253(3) 3128(3) 6540(2) 31(1)
C(4) 894(3) 2766(3) 5997(2) 28(1)
C(5) -198(4) 4345(3) 6039(2) 34(2)
C(6) 493(3) 4094(4) 6678(2) 33(1)
C(11) 2595(3) 1437(3) 5663(2) 28(1)
C(12) 1360(3) 1774(3) 5674(2) 28(1)
C(13) 498(4) 1156(3) 5343(2) 36(1)
C(14) 815(4) 228(4) 5012(2) 40(1)
C(15) 2021(4) -98(3) 5001(2) 41(1)
C(16) 2892(4) 501(3) 5322(2) 36(1)
C(21) 4872(4) 4127(4) 6606(2) 37(1)
C(22) 5921(4) 4680(5) 6805(2) 50(1)
C(23) 5987(5) 5792(5) 6758(3) 63(2)
C(24) 5014(5) 6378(5) 6506(3) 62(2)
C(25) 3965(4) 5842(4) 6309(2) 49(1)
C(26) 3909(4) 4719(4) 6362(2) 40(2)
C(31) 6350(4) 1350(4) 6382(2) 34(1)
C(32) 7603(4) 1294(5) 6303(3) 52(1)
C(33) 8263(4) 395(5) 6512(3) 66(2)
C(34) 7691(4) -439(5) 6800(2) 54(1)
C(35) 6435(4) -416(4) 6881(2) 48(1)
C(36) 5772(4) 474(4) 6672(2) 43(1)
C(51) 326(5) 5294(3) 5673(2) 50(1)
C(52) 128(12) 6391(6) 5772(5) 64(3)
C(53) 682(12) 7188(7) 5401(5) 69(4)
C(54) 1582(12) 6929(8) 4975(5) 74(4)
C(55) 1912(10) 5858(8) 4892(4) 58(3)
C(56) 1338(10) 5060(8) 5244(5) 48(3)
C(52) -362(11) 6271(7) 5818(5) 51(3)
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C(53) -9(12) 7225(7) 5501(5) 60(4)
C(54" 862(11) 7159(8) 5026(5) 60(4)
C(55" 1410(12) 6210(8) 4864(5) 59(4)
C(56") 1097(11) 5266(8) 5187(5) 47(4)
C(61) -393(3) 3906(4) 7225(2) 34(1)
C(62) -888(4) 4784(5) 7546(2) 53(1)
C(63) -1742(5) 4628(7) 8029(3) 71(2)
C(64) -2109(5) 3603(7) 8193(3) 77(2)
C(65) -1645(5) 2739(6) 7875(3) 77(2)
C(66) 777(5) 2882(4) 7395(2) 53(1)
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Table 3. Bond lengths [A] and angles [°] for g1.

N(1)-C(2)
N(1)-C(2)
N(1)-H(1)
N(2)-C(2)
N(2)-C(3)
C(1)-C(11)
C(2)-C(21)
C(2)-C(3)
C(2)-H(2)
C(3)-C(31)
C(3)-H(3A)
N(3)-C(4)
N(3)-C(5)
N(3)-H(3)
N(4)-C(4)
N(4)-C(6)
C(4)-C(12)
C(5)-C(51)
C(5)-C(6)
C(5)-H(5)
C(6)-C(61)
C(6)-H(6)
C(11)-C(16)
C(11)-C(12)
C(12)-C(13)
C(13)-C(14)
C(13)-H(13)
C(14)-C(15)
C(14)-H(14)
C(15)-C(16)
C(15)-H(15)
C(16)-H(16)
C(21)-C(26)
C(21)-C(22)
C(22)-C(23)
C(22)-H(22)
C(23)-C(24)
C(23)-H(23)

1.368(5)
1.467(5)
0.83(4)
1.294(5)
1.491(5)
1.486(5)
1.522(6)
1.570(6)
1.0000
1.519(6)
1.0000
1.369(5)
1.463(5)
0.90(4)
1.290(5)
1.483(5)
1.491(5)
1.516(6)
1.575(5)
1.0000
1.522(6)
1.0000
1.399(5)
1.415(5)
1.400(5)
1.385(6)
0.9500
1.380(6)
0.9500
1.383(6)
0.9500
0.9500
1.382(6)
1.399(6)
1.379(8)
0.9500
1.392(8)
0.9500

Page S41

ARKIVOC 2021, x, S1-S53

©AUTHOR(S)



General Papers

C(24)-C(25)
C(24)-H(24)
C(25)-C(26)
C(25)-H(25)
C(26)-H(26)
C(31)-C(32)
C(31)-C(36)
C(32)-C(33)
C(32)-H(32)
C(33)-C(34)
C(33)-H(33)
C(34)-C(35)
C(34)-H(34)
C(35)-C(36)
C(35)-H(35)
C(36)-H(36)
C(51)-C(56")
C(51)-C(52)
C(51)-C(52)
C(51)-C(56)
C(52)-C(53)
C(52)-H(52)
C(53)-C(54)
C(53)-H(53)
C(54)-C(55)
C(54)-H(54)
C(55)-C(56)
C(55)-H(55)
C(56)-H(56)
C(52))-C(53)
C(52)-H(52)
C(53)-C(54)
C(53)-H(53)
C(54')-C(55')
C(54')-H(54))
C(55')-C(56')
C(55)-H(55)
C(56')-H(56")
C(61)-C(66)
C(61)-C(62)

1.388(7)
0.9500
1.392(7)
0.9500
0.9500
1.383(6)
1.394(6)
1.396(7)
0.9500
1.350(7)
0.9500
1.385(7)
0.9500
1.389(7)
0.9500
0.9500
1.327(8)
1.388(8)
1.454(8)
1.457(8)
1.395(10)
0.9500
1.370(11)
0.9500
1.382(10)
0.9500
1.384(9)
0.9500
0.9500
1.409(10)
0.9500
1.385(11)
0.9500
1.359(10)
0.9500
1.392(10)
0.9500
0.9500
1.379(7)
1.389(6)
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C(62)-C(63)
C(62)-H(62)
C(63)-C(64)
C(63)-H(63)
C(64)-C(65)
C(64)-H(64)
C(65)-C(66)
C(65)-H(65)
C(66)-H(66)

C(1)-N(D)-C(2)
C(1)-N(D)-H()
C(2)-N(1)-H(1)
C(1)-N(@2)-C(3)
N(2)-C(1)-N(2)
N(2)-C(1)-C(11)
N(1)-C(1)-C(11)
N(1)-C(2)-C(21)
N(1)-C(2)-C(3)
C(21)-C(2)-C(3)
N(1)-C(2)-H(2)
C(21)-C(2)-H(2)
C(3)-C(2)-H(2)
N(2)-C(3)-C(31)
N(2)-C(3)-C(2)
C(31)-C(3)-C(2)
N(2)-C(3)-H(3A)

C(31)-C(3)-H(3A)

C(2)-C(3)-H(3A)
C(4)-N@3)-C(5)
C(4)-NEB)-HE)
C(3)-NE)-HE)
C(4)-N(4)-C(6)
N(4)-C(4)-N(@3)
N(4)-C(4)-C(12)
N(3)-C(4)-C(12)
N(3)-C(5)-C(51)
N(3)-C(5)-C(6)
C(51)-C(5)-C(6)
N(3)-C(5)-H()

1.395(8)
0.9500
1.372(10)
0.9500
1.358(10)
0.9500
1.399(7)
0.9500
0.9500

107.9(3)
119(3)
122(3)
106.3(3)
116.3(3)
119.4(3)
123.7(3)
114.8(3)
100.2(3)
112.3(3)
109.7
109.7
109.7
108.6(3)
104.2(3)
113.9(3)
110.0
110.0
110.0
107.8(3)
114(3)
124(3)
106.4(3)
116.7(4)
125.9(3)
117.3(3)
113.1(3)
100.2(3)
113.9(3)
109.7
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C(51)-C(5)-H(5)
C(6)-C(5)-H(5)
N(4)-C(6)-C(61)
N(4)-C(6)-C(5)
C(61)-C(6)-C(5)
N(4)-C(6)-H(6)
C(61)-C(6)-H(6)
C(5)-C(6)-H(6)
C(16)-C(11)-C(12)
C(16)-C(11)-C(1)
C(12)-C(11)-C(1)
C(13)-C(12)-C(11)
C(13)-C(12)-C(4)
C(11)-C(12)-C(4)
C(14)-C(13)-C(12)
C(14)-C(13)-H(13)
C(12)-C(13)-H(13)
C(15)-C(14)-C(13)
C(15)-C(14)-H(14)
C(13)-C(14)-H(14)
C(14)-C(15)-C(16)
C(14)-C(15)-H(15)
C(16)-C(15)-H(15)
C(15)-C(16)-C(11)
C(15)-C(16)-H(16)
C(11)-C(16)-H(16)
C(26)-C(21)-C(22)
C(26)-C(21)-C(2)
C(22)-C(21)-C(2)
C(23)-C(22)-C(21)
C(23)-C(22)-H(22)
C(21)-C(22)-H(22)
C(22)-C(23)-C(24)
C(22)-C(23)-H(23)
C(24)-C(23)-H(23)
C(25)-C(24)-C(23)
C(25)-C(24)-H(24)
C(23)-C(24)-H(24)
C(24)-C(25)-C(26)
C(24)-C(25)-H(25)

109.7
109.7
112.5(3)
105.1(3)
111.7(3)
109.2
109.2
109.2
118.3(3)
113.7(3)
128.0(4)
118.3(4)
116.5(3)
125.2(3)
122.2(4)
118.9
118.9
119.3(4)
120.4
120.4
119.6(4)
120.2
120.2
122.2(4)
118.9
118.9
118.6(5)
123.6(4)
117.8(4)
120.5(5)
119.7
119.7
120.3(5)
119.9
119.9
119.9(5)
120.1
120.1
119.2(5)
120.4
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C(26)-C(25)-H(25)
C(21)-C(26)-C(25)
C(21)-C(26)-H(26)
C(25)-C(26)-H(26)
C(32)-C(31)-C(36)
C(32)-C(31)-C(3)
C(36)-C(31)-C(3)
C(31)-C(32)-C(33)
C(31)-C(32)-H(32)
C(33)-C(32)-H(32)
C(34)-C(33)-C(32)
C(34)-C(33)-H(33)
C(32)-C(33)-H(33)
C(33)-C(34)-C(35)
C(33)-C(34)-H(34)
C(35)-C(34)-H(34)
C(34)-C(35)-C(36)
C(34)-C(35)-H(35)
C(36)-C(35)-H(35)
C(35)-C(36)-C(31)
C(35)-C(36)-H(36)
C(31)-C(36)-H(36)
C(56')-C(51)-C(52))
C(52)-C(51)-C(56)
C(56')-C(51)-C(5)
C(52)-C(51)-C(5)
C(52')-C(51)-C(5)
C(56)-C(51)-C(5)
C(51)-C(52)-C(53)
C(51)-C(52)-H(52)
C(53)-C(52)-H(52)
C(54)-C(53)-C(52)
C(54)-C(53)-H(53)
C(52)-C(53)-H(53)
C(53)-C(54)-C(55)
C(53)-C(54)-H(54)
C(55)-C(54)-H(54)
C(54)-C(55)-C(56)
C(54)-C(55)-H(55)
C(56)-C(55)-H(55)

120.4
121.6(4)
119.2
119.2
117.6(4)
120.6(4)
121.7(3)
121.0(5)
119.5
119.5
120.6(4)
119.7
119.7
120.0(5)
120.0
120.0
119.7(5)
120.2
120.2
121.1(4)
119.4
119.4
120.9(6)
113.9(6)
127.8(5)
128.3(6)
109.8(5)
116.7(5)
122.5(8)
118.8
118.8
121.0(8)
119.5
119.5
119.6(7)
120.2
120.2
119.6(7)
120.2
120.2
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C(55)-C(56)-C(51)
C(55)-C(56)-H(56)
C(51)-C(56)-H(56)
C(53)-C(52)-C(51)

C(53)-C(52)-H(52))

C(51)-C(52)-H(52)
C(54')-C(53')-C(52))
C(54')-C(53')-H(53))
C(52')-C(53)-H(53")
C(55')-C(54')-C(53)
C(55')-C(54')-H(54")
C(53))-C(54')-H(54")
C(54')-C(55')-C(56")
C(54')-C(55')-H(55")
C(56')-C(55')-H(55")
C(51)-C(56')-C(55")
C(51)-C(56')-H(56')
C(55')-C(56')-H(56")
C(66)-C(61)-C(62)
C(66)-C(61)-C(6)
C(62)-C(61)-C(6)
C(61)-C(62)-C(63)
C(61)-C(62)-H(62)
C(63)-C(62)-H(62)
C(64)-C(63)-C(62)
C(64)-C(63)-H(63)
C(62)-C(63)-H(63)
C(65)-C(64)-C(63)
C(65)-C(64)-H(64)
C(63)-C(64)-H(64)
C(64)-C(65)-C(66)
C(64)-C(65)-H(65)
C(66)-C(65)-H(65)
C(61)-C(66)-C(65)
C(61)-C(66)-H(66)
C(65)-C(66)-H(66)

122.5(7)
118.8
118.8
116.9(7)
121.6
121.6
118.8(8)
120.6
120.6
122.4(8)
118.8
118.8
119.4(8)
1203
1203
120.8(8)
119.6
119.6
118.1(4)
122.1(4)
119.8(4)
120.6(6)
119.7
119.7
120.5(6)
119.8
119.8
119.4(5)
120.3
1203
120.7(7)
119.6
119.6
120.7(5)
119.7
119.7

Symmetry transformations used to generate equivalent atoms:
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Table 4. Anisotropic displacement parameters (Azx 103) for g1. The anisotropic
displacement factor exponent takes the form: -2z2[ hZ2a*2ull+ | +2hka* b* U12]

Ull U22 U33 U23 U13 U12
N(1) 24(2) 43(2) 24(2) -2(2) 2(1) 1(2)
N(2) 26(2) 32(2) 27(2) 4(2) 1(1) 1(1)
c(1) 31(2) 26(2) 26(2) 7(2) 2(2) 2(2)
c(2) 28(2) 43(3) 28(2) 1(2) -2(2) 0(2)
c(@3) 28(2) 40(3) 30(2) 2(2) 0(2) -2(2)
N(3) 34(2) 28(2) 26(2) 1(2) -4(2) -1(1)
N(4) 26(2) 41(2) 27(2) -2(2) -1(1) -1(2)
C(4) 23(2) 34(2) 26(2) 3(2) 1(2) -6(2)
C(5) 35(2) 32(2) 33(2) -4(2) -5(2) 5(2)
C(6) 29(2) 40(3) 30(2) -6(2) -3(2) 3(2)
C(11) 33(2) 30(2) 22(2) 8(2) 3(2) -5(2)
C(12) 31(2) 29(2) 22(2) 6(2) 0(2) -1(2)
C(13) 37(2) 32(3) 38(2) 6(2) -6(2) -6(2)
C(14) 49(2) 30(2) 41(2) -1(2) -8(2) -13(2)
C(15) 50(3) 27(2) 45(2) -4(2) 3(2) -5(2)
C(16) 44(2) 27(2) 37(2) 2(2) 8(2) 1(2)
C(21) 35(2) 46(3) 30(2) -9(2) 5(2) -2(2)
C(22) 42(2) 61(3) 48(3) -9(2) -3(2) -9(2)
C(23) 56(3) 62(4) 71(4) -20(3) -5(3) -24(3)
C(24) 81(4) 43(3) 62(3) -15(3) 15(3) -11(3)
C(25) 48(3) 45(3) 54(3) 7(2) 14(2) 2(2)
C(26) 41(2) 39(3) 40(2) 7(2) 3(2) -5(2)
C(31) 27(2) 48(3) 28(2) 0(2) -1(2) 0(2)
C(32) 30(2) 62(4) 62(3) 15(3) 1(2) 0(2)
C(33) 33(2) 75(4) 89(4) 28(3) -5(3) 11(3)
C(34) 50(3) 63(4) 48(3) 12(3) -4(2) 16(3)
C(35) 56(3) 53(3) 36(2) 12(2) 2(2) 5(3)
C(36) 33(2) 52(3) 45(2) 12(2) 5(2) 4(2)
C(51) 81(3) 29(2) 41(2) -2(2) -28(2) -4(2)
C(61) 27(2) 48(3) 29(2) -8(2) -4(2) 4(2)
C(62) 44(2) 62(3) 54(3) -33(3) 0(2) -2(2)
C(63) 44(3) 120(6) 50(3) -47(4) 7(2) 1(3)
C(64) 50(3) 137(7) 45(3) -4(4) 14(3) 3(4)
C(65) 71(4) 96(5) 64(4) 24(4) 29(3) 7(4)
C(66) 59(3) 50(3) 51(3) 8(2) 14(2) 17(3)
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Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A2x 10 3)
for gl.

X y z U(eq)
H(1) 3030(40) 2650(40) 6710(20) 30(11)
H(2) 5169 2689 7101 39
H(3A) 6204 2857 5942 39
H(3) -60(30) 3230(30) 5290(20) 27(10)
H(5) -1084 4475 6128 40
H(6) 1039 4717 6785 39
H(13) -333 1380 5344 43
H(14) 208 -181 4796 48
H(15) 2253 -730 4773 49
H(16) 3719 269 5311 43
H(22) 6592 4286 6974 60
H(23) 6700 6161 6898 76
H(24) 5067 7143 6469 75
H(25) 3294 6236 6140 59
H(26) 3192 4351 6227 48
H(32) 8021 1876 6103 62
H(33) 9123 370 6450 79
H(34) 8149 -1042 6948 64
H(35) 6029 -1006 7080 58
H(36) 4910 486 6727 52
H(52) -405 6607 6104 77
H(53) 432 7921 5445 83
H(54) 1976 7482 4738 89
H(55) 2530 5670 4595 69
H(56) 1614 4334 5206 58
H(52') -1018 6266 6114 61
H(53) -363 7902 5611 72
H(54) 1086 7799 4805 72
H(55') 2001 6191 4534 70
H(56") 1439 4595 5058 57
H(62) -643 5498 7435 64
H(63) -2073 5236 8246 85
H(64) -2681 3499 8527 93
H(65) -1913 2030 7980 92
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H(66) -449 2268 7184 64
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Table 6. Torsion angles [°] for g1.

C(3)-N(2)-C(1)-N(2)
C(3)-N(2)-C(1)-C(11)
C(2)-N(1)-C(1)-N(2)
C(2)-N(1)-C(1)-C(11)
C(1)-N(1)-C(2)-C(21)
C(1)-N(1)-C(2)-C(3)
C(1)-N(2)-C(3)-C(31)
C(1)-N(2)-C(3)-C(2)
N(1)-C(2)-C(3)-N(2)
C(21)-C(2)-C(3)-N(2)
N(1)-C(2)-C(3)-C(31)
C(21)-C(2)-C(3)-C(31)
C(6)-N(4)-C(4)-N(3)
C(6)-N(4)-C(4)-C(12)
C(5)-N(3)-C(4)-N(4)
C(5)-N(3)-C(4)-C(12)
C(4)-N(3)-C(5)-C(51)
C(4)-N(3)-C(5)-C(6)
C(4)-N(4)-C(6)-C(61)
C(4)-N(4)-C(6)-C(5)
N(3)-C(5)-C(6)-N(4)
C(51)-C(5)-C(6)-N(4)
N(3)-C(5)-C(6)-C(61)
C(51)-C(5)-C(6)-C(61)
N(2)-C(1)-C(11)-C(16)
N(1)-C(1)-C(11)-C(16)
N(2)-C(1)-C(11)-C(12)
N(1)-C(1)-C(11)-C(12)
C(16)-C(11)-C(12)-C(13)
C(1)-C(11)-C(12)-C(13)
C(16)-C(11)-C(12)-C(4)
C(1)-C(11)-C(12)-C(4)
N(4)-C(4)-C(12)-C(13)
N(3)-C(4)-C(12)-C(13)
N(4)-C(4)-C(12)-C(11)
N(3)-C(4)-C(12)-C(11)
C(11)-C(12)-C(13)-C(14)
C(4)-C(12)-C(13)-C(14)
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4.3(5)

-167.4(3)

11.1(5)

-177.5(4)

100.7(4)
-19.8(4)
105.0(3)
-16.7(4)
21.7(4)

-100.6(4)

-96.4(4)
141.3(3)
-1.3(4)

-177.4(3)

14.0(4)

-169.5(3)

103.1(4)
-18.6(4)
110.8(4)
-10.9(4)
17.7(4)

-103.4(4)
-104.5(4)

134.4(4)
33.5(5)

-137.6(4)
-144.6(4)

44.3(6)
-0.1(5)
177.9(4)

-178.2(3)

-0.2(6)
142.5(4)
-33.6(5)
-39.4(6)
144.6(4)

0.5(6)
178.8(4)
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C(12)-C(13)-C(14)-C(15)
C(13)-C(14)-C(15)-C(16)
C(14)-C(15)-C(16)-C(11)
C(12)-C(11)-C(16)-C(15)
C(1)-C(11)-C(16)-C(15)
N(1)-C(2)-C(21)-C(26)
C(3)-C(2)-C(21)-C(26)
N(1)-C(2)-C(21)-C(22)
C(3)-C(2)-C(21)-C(22)
C(26)-C(21)-C(22)-C(23)
C(2)-C(21)-C(22)-C(23)
C(21)-C(22)-C(23)-C(24)
C(22)-C(23)-C(24)-C(25)
C(23)-C(24)-C(25)-C(26)
C(22)-C(21)-C(26)-C(25)
C(2)-C(21)-C(26)-C(25)
C(24)-C(25)-C(26)-C(21)
N(2)-C(3)-C(31)-C(32)
C(2)-C(3)-C(31)-C(32)
N(2)-C(3)-C(31)-C(36)
C(2)-C(3)-C(31)-C(36)
C(36)-C(31)-C(32)-C(33)
C(3)-C(31)-C(32)-C(33)
C(31)-C(32)-C(33)-C(34)
C(32)-C(33)-C(34)-C(35)
C(33)-C(34)-C(35)-C(36)
C(34)-C(35)-C(36)-C(31)
C(32)-C(31)-C(36)-C(35)
C(3)-C(31)-C(36)-C(35)
N(3)-C(5)-C(51)-C(56")
C(6)-C(5)-C(51)-C(56")
N(3)-C(5)-C(51)-C(52)
C(6)-C(5)-C(51)-C(52)
N(3)-C(5)-C(51)-C(52))
C(6)-C(5)-C(51)-C(52)
N(3)-C(5)-C(51)-C(56)
C(6)-C(5)-C(51)-C(56)
C(56)-C(51)-C(52)-C(53)
C(5)-C(51)-C(52)-C(53)
C(51)-C(52)-C(53)-C(54)
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-0.7(7)
0.5(7)
-0.1(7)
-0.1(6)

-178.4(4)

-10.1(5)
103.4(4)
169.9(4)
-76.6(5)
0.1(7)

-179.9(4)

-0.6(8)
0.8(8)
-0.5(7)
0.2(6)

-179.8(4)

0.0(7)
120.4(4)

-123.9(5)

-58.2(5)
57.4(5)
-0.5(8)

-179.2(5)

-0.5(9)
1.1(9)
-0.8(8)
-0.2(7)
0.8(7)
179.5(4)

-15.6(10)

98.0(9)
165.4(8)
-81.0(9)
150.1(6)
-96.3(6)
-27.6(7)
86.0(7)
12.0(15)
179.3(9)
-9.0(18)
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C(52)-C(53)-C(54)-C(55)
C(53)-C(54)-C(55)-C(56)
C(54)-C(55)-C(56)-C(51)
C(52)-C(51)-C(56)-C(55)
C(5)-C(51)-C(56)-C(55)
C(56')-C(51)-C(52)-C(53)
C(5)-C(51)-C(52')-C(53")
C(51)-C(52)-C(53)-C(54))
C(52')-C(53')-C(54')-C(55')
C(53")-C(54')-C(55')-C(56")
C(52')-C(51)-C(56')-C(55")
C(5)-C(51)-C(56")-C(55')
C(54')-C(55')-C(56')-C(51)
N(4)-C(6)-C(61)-C(66)
C(5)-C(6)-C(61)-C(66)
N(4)-C(6)-C(61)-C(62)
C(5)-C(6)-C(61)-C(62)
C(66)-C(61)-C(62)-C(63)
C(6)-C(61)-C(62)-C(63)
C(61)-C(62)-C(63)-C(64)
C(62)-C(63)-C(64)-C(65)
C(63)-C(64)-C(65)-C(66)
C(62)-C(61)-C(66)-C(65)
C(6)-C(61)-C(66)-C(65)
C(64)-C(65)-C(66)-C(61)

2.6(18)
-0.5(18)
4.5(17)
-9.9(15)

-178.7(9)
-11.4(15)
-178.3(8)

7.0(16)
-1.5(19)
0(2)
9.9(17)
174.2(9)
-4(2)
-23.5(5)
94.4(5)
159.9(4)
-82.2(5)
0.4(7)
177.2(4)
-0.2(8)
-0.9(9)
1.7(10)
0.3(7)

-176.4(5)

-1.4(9)

Symmetry transformations used to generate equivalent atoms:
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Table 7. Hydrogen bonds for g1 [A and °].

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)
N(L)-H(L)...N(4) 0.83(4) 2.06(4) 2.791(5) 147(4)
N(3)-H(3)...N(2)#1 0.90(4) 2.05(4) 2.944(5) 174(4)

Symmetry transformations used to generate equivalent atoms:
#1 x-1/2,-y+1/2,-z+1
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