Regional Issue 'Organic Chemistry in South Africa’

ARKIVOC 2020, iii, S1-537

Supplementary Material

Synthesis, structural elucidation, intramolecular hydrogen bonding and DFT

studies of quinoline-chalcone-chromene hybrids

Lamla Thungatha, Saba Alapour, and Neil A. Koorbanally*

School of Chemistry and Physics, University of KwaZulu-Natal, Private Bag X54001, Durban, 4001, South Africa

Email: Koorbanally@ukzn.ac.za

Table of Contents

Figure S1. 1TH NIMR SPECLIUM Of 4@ ....uiiiiiiiiieiiiiiiie ettt ettt e sttt e e sttt e e e st e e e seasteeesesnsaeeeesnseaeessssaeeesnnes S3
Figure S2. 1H NMR spectrum (eXpansion 1) Of 4@ .........eeioiiiii ittt et e et e e e eara e e e s easaeeeenns S3
Figure S3. 1H NMR spectrum (eXpansion 2) Of 4@ .........ceioiiiiii ettt e e are e e e eara e e e s easaeeeenns sS4
Figure S4. 13C NMR SPECIIUM OF 4@ ..uiiiiiiiieicciee ettt e e e e e e st e e e s erte e e s esabaeeeesabeeeeesssaeeesnnes sS4
Figure S5. 13C NMR spectrum (eXpanded) Of 4a..........oeei ettt e et e e ara e e e e e e aeeeenns S5
T I ST I AN A 2 o U SSPRRN S6
Figure S7. 1H NMR spectrum (eXpanded) Of 4b ... e s e e s arae e e e e S6
Figure S8. 13C NMR SPECIIUM OF 4D ..ueiiiiieiieieee et e e e e e e s et e e e e e aaa e e e e eabaeeeeessaeeeannns S7
Figure S9. 13C NMR spectrum (eXpanded) Of 4D..........ooi oot e et e e e e e e e s e araeeeenes S7
FIZUPE S10. HRIMS OF 4D ....iiiiiiiiiieeiee ettt ettt e e e e e e e b e e e e e e eesesasbsaaeeeeeeeessassssasaaesesseasanssrsaneeeesesennnnns S8
Figure S11. OH 1H NMR chemical shift of 4b and 4f as function of temperature .........ccooeeeeiiiieccc e, S8
Figure S12. H-9 1H NMR chemical shift of 4b as function of temperature.......ccccee v, S9
Figure S13. H-10 1H NMR chemical shift of 4b as function of temperature .........ccccoeeeevveeeee e, S9
Figure S14. H-3' 1H NMR chemical shift of 4b as function of temperature ......cccccooeeceiiiee e, S10
Figure S15. H-4' 1H NMR chemical shift of 4b as function of temperature .......ccccoeeeiiiiei e, S10
Figure S16. TH NIMR SPECEIUM OF AC ...ciiiiiiiiiiiee e ettt e e eeetree e e e e e e esectrrreeeeeeeeseeassaeseeeeeesessnnsssaaneeesesssnnnnns S11
Figure S17. 1H NMR spectrum (eXpanded) Of 4C.......uuiiiiciiii ittt e e e e e e e e rae e e s enraeeeenns S11
Figure S18. 13C NIMR SPECLIUM Of 4@ .....ueiiiiiiieiie e e e et e e e e e e e s e et e e e e e e e e e sessnnsbeaeeeeeaeesennnes S12
Figure S19. 13C NMR spectrum (eXPanded) Of AC ......ueeeiieiiiiiiiiiieeiee ettt ee e rrere e e e e e e eesearraeeeeeeeseennnnes S12
FIGUIE S20. HRIMS OF 4G oottt e e e e e ettt e e e e e e e s e e ettt e eeeaaeeeseannssbaaeeaaaeseasassseaeneeaaeseaannnes S13
Figure S21. 1H NMR SPECLrUM OF B0........uuiiiiiieiii ettt e st e e e e e e e et e e e e e e e e sessnsseaeeeeaaaeeeannnes S14
Figure S22. 1H NMR spectrum (eXpanded) OFf 4d .........eeeeiiiiiiiiiiiiieiiee ettt ee et e e e e e s e e searraeeeeeeeseennnnes S14
Figure S23. 13C NMR SPeCtrUmM Of Ad ........uuiiiieiii et e e e e e e et e e e e e e s e s saareaeeeeaaeeeeannnes S15
Figure S24. 13C NMR SPeCtrUM Of Ad ........uiiiiieii ettt e e e e e e et e e e e e e e e s e s easreaeeeeaaeeeeannnes S15
FIZUIE S25. HRIMS OF 4d....cco ittt ettt e e e e e sttt e e e e e e e esaabbaaeeeaeeeeseasassbaseseeessesssssrranneeesensennsnes S16
Figure S26. 1H NIMR SPECLIUM OF 4@ .. ..ttt e e e e e e e e e e e e e b bt e e e e e e aeseesassreaeneeeaeeeennnnes S17
Figure S27. 1H NMR spectrum (eXpanded) Of 4 .........ooooiiii ettt e et e e e e rte e e e earaeeeenns S17
Figure S28. 13C NIMR SPECEIUM OF 4@ .....uuiiriiiieeieiieiccitreeeeee e e eeeitree e e e e e e eesstbbereeeeeeeesesastseseeeeessessssssrssneeesesesnnnnns S18
Figure S29. 13C NMR spectrum (eXpanded) Of 4€......ccuiiiiiiiiiiecie ettt e e S18

Page S1 ©AUTHOR(S)


mailto:Koorbanally@ukzn.ac.za

Regional Issue 'Organic Chemistry in South Africa’

Figure S30.
Figure S31.
Figure S32.
Figure S33.
Figure S34.
Figure S35.
Figure S36.
Figure S37.
Figure S38.
Figure S39.
Figure S40.
Figure S41.
Figure S42.
Figure S43.
Figure S44.
Figure S45.
Figure S46.
Figure S47.

ARKIVOC 2020, iii, S1-537

o LY e TR S19
1H NMR spectrum (expanded) Of 4f ... e S20
1H NMR spectrum (expanded) Of 4f . ... ..o e e e e e ra e e e S20
L13C NMR SPECEIUM OF Af ..ottt s e e st e e s s abe e e e s s baaeeesabaeeessnaraeessnnns S21
13C NMR spectrum (eXpanded) Of 4f ... e s e e S21
HRIMIS OF Af oottt ettt e st e et e e st e e s bt e e s abaeesabeeesabeeesabaeesabeeesaseeenanes S22
H-9 1H NMR chemical shift of 4f as function of temperature ......ccccccveeeieiiiieiiiiee e, S22
H-10 1H NMR chemical shift of 4f as function of temperature .......cccceeeveiiiiiinicee e, S23
H-3' 1H NMR chemical shift of 4f as function of temperature .........ccccoeeeeiveeieciiee e, S23
H-4' IHNMR chemical shift of 4f as function of temperature ......cccoccvveeeieiiiiiiiie e, S24
TH NMR SPECEIUM OF A ..eiiiiiiiiieiiee ettt e e s s ata e e e e s baa e e e sabaeeeeensraeesennns S24

1H NMR spectrum (eXpanded) Of 4 .......uueee et et e e e e e e araeeeeans S25
L13C NMR SPECEIUM OF 4 .eoiiiiiiiiieiiie ettt e e e e s e e e e satae e e s sataeeeessaeaeesssaeeeesnssaeesennns S25
13C NMR spectrum (eXpanded) Of A ........eeiiiciiiiiiiiee et e e s e e e araeeeenans S26
TH NIMR SPECLIUM OF 4G ... e et e e e e e e e st e e e e e e e e sesnsrarareeeeeeeesannes S26
TH NMR SPECIrUM OF Ah..cciieiee et e e et e e e e s e e e e e sabaeeeeenraeeeennns S27
1H NMR spectrum (expanded) Of 4h ........eeiiiiiiiic et e e e e e e e e e eaes S27
L3C NMR SPECEIUM OF N .ottt e et e e e e st ae e e e et e e e e e s naeeeesasaeaeeennraneeannns S28

Figure S48. 13C NMR spectrum (expanded) Of Ah.........oooiiiiiiiiiiee e e e s sarae e S28
FIUIE SA9. HRIMS Of ANttt e et e e st e e st e e e s st e e e steeesaeeaseeeensaeesnsaeesnseeesnseeennnes S29
Table S1. Single crystal data information of 4b and 4f ..........oooiii i S31
Table S2. Comparison of experimental and theoretical bond lengths of 4b........coooviiiiiiiiiiie, S32
Table S3. Comparison of experimental and theoretical bond angles of 4b .......cccvvviiiiiiiiiiiie e, S33
Table S4. Comparison of the experimental and theoretical dihedral angles of 4b........cccccveeiiiiiciiiieeiees S34
Table S5. Comparison of experimental and theoretical bond lengths of 4f.........coooviiiiiiiiiiiiiieee, S35
Table S6. Comparison of experimental and theoretical bond angles of 4f ........oooviiviiiiiieiie e, S36
Table S7. Comparison of experimental and theoretical dihedral angles of 4f ..., S37

Page S2 ©AUTHOR(S)



ARKIVOC 2020, iii, S1-537

Regional Issue 'Organic Chemistry in South Africa’

=

i)
=t

o
[\

10275

2 [ppm]

T

L

T

T

151071

T

SELV'EL
LI R

[124] z1

| LU LI N B I B N B |

ol

9

r

LI

Figure S1 'H NMR spectrum of 4a
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Figure S2 H NMR spectrum (expansion 1) of 4a
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Figure S3 H NMR spectrum (expansion 2) of 4a
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Figure S8 3C NMR spectrum of 4b

0
<

ZLoF'80L —
SOF¥P'e0L —

ZESLPLL —

BELEGLL — 1

28020z — o —]

06LF' €21 —

8!

BLBOVPEL —— ©
6020°521 — <t

610

BBLOLZL —
LECO'BZl —=

£i51°821—

WMF'

—8

5,3

130

vEr80ElL —

-l

B2ELBEL ——
erelLeel —

N

zLgor — o9 —J

PIOEEEL ~ o)
YEEZ0SL — 00 )
ge50'19L —— S

5a'

7,7

[12.]

[ppm]

120

140

150

160

Figure S9 3C NMR spectrum (expanded) of 4b
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Element prediction; Off
Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

11 formula(e) evaluated with 1 results within limits (up to 20 closest results for each mass)
Elements Used:

C.20-25 H:20-25 N:0-5 0:0-5

4b 29 (0.945) Cm (1:61)
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Figure S11 OH H NMR chemical shift of 4b and 4f as function of temperature
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-1.5, max = 100.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

43 formula(e) evaluated with 1 results within limits (up to 20 closest results for each mass)
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C:20-25 H:1525 N:0-5 0:0-5 CI. 01

4c 3 (0.068) Cm (1:61)

TOF MS ES-
3.20e+005
100~ 404.1049
DJ'lrﬂ_
] 406.1035
: 400.1839
3972278 3991379 | 401.1870 4021872 | ‘ |2 09 3976 4121835 4131841 a71884
L L I L e L B L I L B L B L O L LU L B L I LS L R
396.0 396.0 400.0 402.0 404.0 406.0 408.0 410.0 412.0 4140 416.0 418.0
Mass Mass mD= pII DBE i-FIT ioFIT (Norm) Formuls

Figure S$20 HRMS of 4c
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Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min=-1.5, max = 100.0
Element prediction: Off
Number of isotope peaks used for I-FIT =3
Monoisotopic Mass, Even Electron lons
12 formula(e) evaluated with 1 results within limits (up to 20 closest results for each mass)
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5 5.0 1 ) . (
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Figure $25 HRMS of 4d
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-1.5, max = 100.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
21 formula(e) evaluated with 1 results within limits (up to 20 closest results for each mass)

Elements Used:

C:25-30 H:20-25 N:0-5 0:0-5 CI:0-1
4e 16 (0.506) Cm (1:61)

TOF MS ES-

3 66e+005
100~ 472.1324
D,"ru_
] 4741313
1 475.1341
476.1379
462 8780 464 9926 466.9702 469.0449 4711292 | 4789786 4813347 050634 4851534 48?'223?“&
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Figure S30 HRMS of 4e
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance =5.0 PPM / DBE: min =-1.5, max = 100.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

21 formula(e) evaluated with 1 results within limits (up to 20 closest results for each mass)
Elements Used:

C:25-30 H:20-25 N:0-5 0:0-5 CI.0-1

4f 27 (0.877) Cm (1:61)

TOF MS ES-
3.26e+005
100+ 468 1821
B.l'lrﬂ_
1 469.1855
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Figure S35 HRMS of 4f

H9 Chemical shift ppm

H 9 Chemical shift vs temperature for 4f
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Figure S36 H-9 'H NMR chemical shift of 4f as function of temperature
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H10 Chemical shift vs temperature for 4f
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Figure S37 H-10 'H NMR chemical shift of 4f as function of temperature

H3' Chemical shift vs temperature for 4b

5,61

5,605
£
o

Q. 56
£
<
2]

8 5595
£
[
 —

O 5,59
™
T

5,585
y=-0,0004x+5,6931
R?=0,9961
5,58
240,15 250,15 260,15 270,15 280,15 290,15 300,15 310,15
Temperature K
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Figure $S39 H-4' 'HNMR chemical shift of 4f as function of temperature
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-1.5, max = 100.0
Element prediction: Off

Number of isotope peaks used for I-FIT =3

Monoisotopic Mass, Even Electron lons

11 formula(e) evaluated with 1 results within limits (up to 20 closest results for each mass)
Elements Used:

C:25-30 H:25-30 N:0-5 0:0-5

4g 42 (1.383) Cm (1°61)

TOF MS ES-
5.86e+005
1002 4821975
Bn’lrﬂ_
1 4832019
] 484.2047
ATV1272472 1332 4752393 478.9847 480.9754 | | 1047047 985.2004 4872262 489.2729 49 ggg9 494.9824 497.0803
I L A B L R L L M B AL L I L L B L L I B A LA LA ARy Wi RA RS A
4700 4720 4740 4760 4780 4800 4820 4840 4860 4880 4900 4920 4940  496.0
Minimum: -1.5
Maxi 5 5.0 100.0
Mass alc. Mass mDa Pl DBE 1-FIT 1-FIT (Norm) Formula
482.1975  482.1967 0 1.7 17.5 540.¢ 30 H28 N 05

Figure S44 'H NMR spectrum of 4g
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Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 2

Monoisotopic Mass, Even Electron lons

11 formula(e) evaluated with 1 results within imits (up to 20 closest results for each mass)
Elements Used:

C:25-30 H:25-30 N:0-5 0:0-5

M2 19 (0.608) Cm (1:61)

TOF MS ES-

482.1961

1 483.1995

484.1990 485.2069
| .
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Figure S49 HRMS of 4h
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Table S1 Single crystal data information of 4b and 4f

ARKIVOC 2020, iii, S1-537

Compound 4b af

Empirical formula C24H21NO4 C29H27NOs
Molecular weight 387.42 469.51
Temperature 100(2) K 100(2) K
Wavelength 0.71073 A 0.71073 A
Crystal system monoclinic Triclinic
Space group P21/n P-1

a 11.6463(2) A 7.3903(3) A

b 12.0584(2) A 10.0787(3) A
c 13.6163(3) A 15.7008(5) A
a 90° 97.851(2)".

B 93.9760(10) ° 93.122(2)°.

g 90°. 90.881(2)°.
Volume 1907.61(6) A3 1156.48(7) A3
VA 4 2

Density (calculated) 1.349 gcm3 1.348 gcm’3
Absorption coefficient 0.092 mm™ 0.092 mm
F(000) 496 496

Crystal size 0.28%0.21x0.12 mm?3 0.285 x 0.185 x 0.143 mm?

Theta range of data collection
Reflections collected
Independent reflections

Data / restraints / parameters
Goodness-of-fit on F?

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

R indices (all data)

Largest diff. peak and hole

2.226 t0 28.332°

29697

4759 [R(int) = 0.0252]
4759/ 0 /266

1.052

R1=0.0394, wR2 = 0.1021
R1=0.0515, wR2 = 0.1098
0.346 and -0.260 e.A3

Page S30

2.040 to 28.352°

13463

5705 [R(int) = 0.0179]
5705/0/322

1.020

R1=0.0427, wR2 = 0.1090
R1=0.0593, wR2 = 0.1191
0.375 and -0.300 e.A3
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Table S2 Comparison of experimental and theoretical bond lengths of 4b

ARKIVOC 2020, iii, S1-537

Bond length  X-RAY DFT (B3LYP) Bond length  X-RAY DFT (B3LYP)
C(1)-c(3) 1.5193 1.5370 C(15)-C(23)  1.4388 1.4485
C(2)-c(3) 1.5239 1.5301 C(16)-C(17)  1.4156 1.4148
C(3)-C(4) 1.5030 1.5123 C(17)-C(18)  1.4158 1.4182
C(3)-0(1) 1.4706 1.4673 C(17)-C(22)  1.4142 1.4277
C(4)-C(5) 1.3301 1.3389 C(18)-C(19)  1.3725 1.3780
C(5)-C(6) 1.4592 1.4592 C(19)-C(20)  1.405 1.4149
(6)-C(7) 1.3949 1.4023 C(20)-C(21)  1.3703 1.3800
C(6)-C(11) 1.4015 1.4092 C(21)-C(22)  1.4123 1.4149
C(7)-C(8) 1.3993 1.4056 C(22)-N(5) 1.3722 1.3673
C(7)-0(1) 1.3558 1.3523 C(23)-0(4) 1.3482 1.3510
C(8)-C(9) 1.3768 1.3811 C(23)-N(5) 1.3028 1.3066
C(9)-C(10) 1.4094 1.4139 C(24)-0(4) 1.4348 1.4336
C(10)-C(11)  1.4188 1.4301 C(12)-0(3) 1.2514 1.2566
C(10)-C(12)  1.4654 1.4658 C(13)-C(14)  1.3421 1.3504
C(11)-0(2)  1.3447 1.3357 C(14)-C(15)  1.4569 1.4555
C(12)-C(13)  1.4733 1.4776 C(15)-C(16)  1.3749 1.3846
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Table S3 Comparison of experimental and theoretical bond angles of 4b

Bond angle X-ray DFT Bond angle X-ray DFT
(B3LYP) (B3LYP)
C(1)-C(3)-C(2) 111.38 111.35 C(16)-C(17)-C(18) 123.49
123.22
C(4)-C(3)-C(2) 110.21 C(22)-C(17)-C(16)  117.27 117.03
110.21
0(1)-C(3)-C(1) 105.09 104.40 (C(22)-C(17)-C(18) 119.51 119.47
0O(1)-C(3)-C(2) 107.77 107.24 (C(19)-C(18)-C(17)  120.07 120.33
0O(1)-C(3)-C(4) 111.11 C(18)-C(19)-C(20) 120.09
110.20 120.23
C(5)-C(4)-C(3) 121.22 212.59 C(C(21)-C(20)-C(19) 120.91 120.81
C(4)-C(5)-C(6) 119.01 120.06 C(20)-C(21)-C(22) 120.26
120.10
C(7)-C(6)-C(5) 118.48 118.09 (C(21)-C(22)-C(17)  119.17 119.06
C(7)-C(6)-C(12) 118.34 118.91 N(5)-C(22)-C(17) 122.25 121.73
C(11)-C(6)-C(5) 123.01 122.89 N(5)-C(22)-C(21) 118.58 119.22
C(6)-C(7)-C(8) 121.76 121.38 0(4)-C(23)-C(15) 115.46 116.39
0O(1)-C(7)-C(6) 120.89 121.48 N(5)-C(23)-C(15) 125.49 124.79
0(1)-C(7)-C(8) 117.29 117.09 N(5)-C(23)-0(4) 119.05 118.82
C(9)-C(8)-C(7) 119.00 119.12 C(7)-0(1)-C(3) 117.93 120.45
C(8)-C(9)-C(10) 121.97 122.15 C(23)-0(4)-C(24) 117.01
116.71
C(9)-C(10)-C(11) 117.59 117.71 C(23)-N(5)-C(22) 117.91 117.15
C(9)-C(10)-C(12) 123.59 0(3)-C(12)-C(13) 119.61 119.35
123.37
C(11)-C(10)-C(12) 119.05 118.70 C(14)-C(13)-C(12) 119.15 119.40
C(6)-C(11)-C(10) 121.34 120.72 C(13)-C(14)-C(15) 130.06 130.18
0(2)-C(11)-C(6) 116.96 117.74 C(16)-C(15)-C(14) 118.74 118.46
0(2)-C(11)-C(10) 121.70 121.54 (C(16)-C(15)-C(23) 115.69 115.31
C(10)-C(12)-C(13) 120.55 121.54 (C(23)-C(15)-C(14) 125.56 126.24
0(3)-C(12)-C(10) 119.84 120.44 C(15)-C(16)-C(17) 121.37 121.99
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Table S4 Comparison of the experimental and theoretical dihedral angles of 4b

ARKIVOC 2020, iii, S1-537

Dihedral angles X-ray DFT Dihedral angles X-ray DFT
(B3LYP) (B3LYP)
C(1)-C(3)-C(4)-C(5) -146.97 -131.43 C(15)-C(23)-0(4)-C(24) 178.3 179.83
1
C(1)-C(3)-O(1)-C(7) 161.28 151.86 C(15)-C(23)-N(5)-C(22) -0.16 -0.02
C(2)-C(3)-C(4)-C(5) 88.44 95.80 C(16)-C(15)-C(23)-0(4) 180.0 179.94
0
C(2)-C(3)-0(1)-C(7) -79.84 -89.90 C(16)-C(15)-C(23)-N(5) -0.35 -0.02
C(3)-C(4)-C(5)-C(6) 5.26 4.03 C(16)-C(17)-C(18)-C(19) - -179.99
179.6
2
C(4)-C(3)-0(1)-C(7) 40.45 31.38 C(16)-C(17)-C(22)-C(21) 178.8 179.99
5
C(4)-C(5)-C(6)-C(7) 12.51 9.71 C(16)-C(17)-C(22)-N(5) -1.44 0.003
C(4)-C(5)-C(6)-C(11) -172.42 -173.99 C(17)-C(18)-C(19)-C(20) 0.27 -0.01
C(5)-C(6)-C(7)-C(8) 175.01  175.57 C(17)-C(22)-N(5)-C(23) 1.09 0.03
C(5)-C(6)-C(7)-0O(1) -1.89 -1.67 C(18)-C(17)-C(22)-C(21) -0.98 0.011
C(5)-C(6)-C(11)-C(10) -174.45 -176.38 C(18)-C(17)-C(22)-N(5) 178.7 179.99
2
C(5)-C(6)-C(11)-0(2) 5.07 3.30 C(18)-C(19)-C(20)-C(21) 0.05 0.01
C(6)-C(7)-C(8)-C(9) -0.21 1.07 C(19)-C(20)-C(21)-C(22) -0.85 0.003
C(6)-C(7)-O(1)-C(3) -26.11 -20.32 C(20)-C(21)-C(22)-C(17) 1.30 -0.012
C(7)-C(6)-C(11)-C(10) 0.63 -0.12 C(20)-C(21)-C(22)-N(5) - -179.99
178.4
2
C(7)-C(6)-C(11)-O0(2)  -179.85 -179.57 C(21)-C(22)-N(5)-C(23) - -179.98
179.2
0
C(7)-C(8)-C(9)-C(10) 0.40 -0.26 C(22)-C(17)-C(18)-C(19) 0.21 -0.002
C(8)-C(7)-0(1)-C(3) 156.86  162.34 C(23)-C(15)-C(16)-C(17) -0.05 0.05
C(8)-C(9)-C(10)-C(11) -0.08 -069 0O(1)-C(3)-C(4)-C(5) -30.37 -23.34
C(8)-C(9)-C(10)-C(12) 179.91  179.98 0O(1)-C(7)-C(8)-C(9) 176.7  178.442
9
C(9)-C(10)-C(11)-C(6) -0.45 0.88 0(3)-C(12)-C(13)-C(14) 5.44 1.88
C(9)-C(10)-C(11)-0(2) -179.95 -179.79 0(4)-C(23)-N(5)-C(22) 179.4 179.98
8
C(9)-C(10)-C(12)-C(13) 0.37 -2.17 N(5)-C(23)-0(4)-C(24) -1.36 0.13
C(9)-C(10)-C(12)-0(3) -179.28 -177.95 C(11)-C(10)-C(12)-C(13) - -178.56
179.6
5
C(10)-C(12)-C(13)- -174.20 -178.24 C(11)-C(10)-C(12)-0(3) 0.70 -1.32

C(14)
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C(11)-C(6)-C(7)-C(8) -0.30 -0.88 C(12)-C(10)-C(11)-C(6)  179.5  179.80
6
C(11)-C(6)-C(7)-0(1) -177.19 -178.11  C(12)-C(10)-C(11)-0(2) 0.07 0.53

Page S34 ©AUTHOR(S)



Regional Issue 'Organic Chemistry in South Africa’

Table S5 Comparison of experimental and theoretical bond lengths of 4f

ARKIVOC 2020, iii, S1-537

Bond X-RAY DFT (B3LYP) Bond length X-RAY DFT (B3LYP)
length
0(1)-C(3) 1.3578 1.3525 C(7)-0(5) 1.2510 1.2585
0(1)-C(2) 1.4736 1.4698 C(7)-C(8) 1.4739 1.4766
0(2)-C(5) 1.3412 1.3311 C(8)-C(9) 1.3325 1.3503
0(2)-H(2) 0.8400 1.0131 C(9)-C(10) 1.4629 1.4598
0(3)-C(11) 1.3513 1.3492 C(10)-C(18) 1.3671 1.3813
0(3)-C(22) 1.4341 1.4315 C(10)-C(11) 1.4394 1.4466
0(4)-C(24) 1.3588 1.3584 C(12)-C(13) 1.4096 1.4153
0(4)-C(28) 1.4748 1.4689 C(12)-C(19)) 1.4162 1.4293
N(1)-C(11) 1.3028 1.3076 C(13)-C(14) 1.3733 1.3797
N(1)-C(12) 1.3749 1.3672 C(14)-C(21) 1.4024 1.4149
C(1)-C(2) 1.5228 1.5295 C(16)-C(17) 1.3310 1.3393
C(2)-C(16) 1.5012 1.5115 C(18)-C(19) 1.4146 1.4162
C(2)-C(15) 1.5193 1.5367 C(19)-C(20) 1.4119 1.4185
C(3)-C(4) 1.3915 1.3991 C(20)-C(21) 1.3692 1.3778
C(3)-C(25) 1.4014 1.4078 C(24)-C(25) 1.3939 1.4044
C(4)-C(5) 1.3950 1.407 C(25)-C(26) 1.4584 1.4557
C(4)-C(17) 1.4525 1.4551 C(26)-C(37) 1.3271 1.3385
C(5)-C(6) 1.4307 1.4398 C(37)-C(28) 1.4997 1.5095
C(6)-C(24) 1.4200 1.4247 C(28)-C(30) 1.5159 1.5362
C(6)-C(7) 1.4679 1.4728 C(28)-C(29) 1.5198 1.529
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Table S6 Comparison of experimental and theoretical bond angles of 4f

Bond angle X-ray DFT Bond angle X-ray DFT
(B3LYP) (B3LYP)
C(3)-0(1)-C(2) 119.91 120.224 N(1)-C(11)-0O(3) 119.57 119.529
C(11)-0(3)-C(22) 116.11 117.142 N(1)-C(11)-C(10) 125.52 125.084
C(24)-0(4)-C(28) 119.97 120.247 0(3)-C(11)-C(10) 11491 115.385
C(11)-N(1)-C(12) 117.70 118.549 N(1)-C(12)-C(13) 118.93 119.104
0(1)-C(2)-C(16) 111.17  110.799 N(1)-C(12)-C(19) 122.01 121.913
0O(1)-C(2)-C(15) 104.16  104.261  C(13)-C(12)-C(19) 119.05 118.983
C(16)-C(2)-C(15) 112.18 111.041 C(14)-C(13)-C(12) 120.16 120.34
0O(1)-C(2)-C(1) 107.27 107.226  C(13)-C(14)-C(21) 120.85 120.779
C(16)-C(2)-C(2) 110.77 111.041 C(17)-C(16)-C(2) 121.85 121.177
C(15)-C(2)-C(12) 111.01 111.377 C(16)-C(17)-C(4) 119.79 120.128
0O(1)-C(3)-C(4) 121.69 121.185 (C(10)-C(18)-C(19) 121.22 121.346
0O(1)-C(3)-C(25) 115.93 116.748  (C(20)-C(19)-C(18) 123.13 123.274
C(4)-C(3)-C(25) 122.24 121988 (C(20)-C(19)-C(12) 119.35 119.388
C(3)-C(4)-C(5) 118.31 118.734  (C(18)-C(19)-C(12) 117.51 117.336
C(3)-C(4)-C(17) 118.50 118.178  (C(21)-C(20)-C(19) 120.47 120.451
C(5)-C(4)-C(17) 122.85 122,941  (C(20)-C(21)-C(14) 120.08 120.058
0(2)-C(5)-C(4) 116.51 116.948 0(4)-C(24)-C(25) 119.18 118.714
0O(2)-C(5)-C(6) 121.11  121.207 0(4)-C(24)-C(6) 118.31 118.801
C(4)-C(5)-C(6) 122.37 121.845 C(25)-C(24)-C(6) 122.35 122.435
C(24)-C(6)-C(5) 116.26  116.425 C(24)-C(25)-C(3) 118.42 118.443
C(24)-C(6)-C(7) 125.67 126.195  (C(24)-C(25)-C(26) 118.68 118.764
C(5)-C(6)-C(7) 118.08 117.347 C(3)-C(25)-C(26) 122.80 122.694
0O(5)-C(7)-C(6) 119.69 119.423  (C(37)-C(26)-C(25) 120.30 120.448
O(5)-C(7)-C(8) 117.55 117.835 ((26)-C(37)-C(28) 121.38 119.955
C(6)-C(7)-C(8) 122.75 122.704 0(4)-C(28)-C(37) 110.09 109.924
C(9)-C(8)-C(7) 121.21  120.061 0(4)-C(28)-C(30) 108.24 107.768
C(8)-C(9)-C(10) 123.42  125.772  (C(37)-C(28)-C(30) 111.28 111.395
C(18)-C(10)- 115.94 115.766 0(4)-C(28)-C(29) 104.22 104.217

C(11)

C(18)-C(10)-C(9) 123.29 124.225 C(C(37)-C(28)-C(29) 111.16 111.854
C(11)-C(10)-C(9)  120.77 120.003  C(30)-C(28)-C(29) 111.59 111.36
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Table S7 Comparison of experimental and theoretical dihedral angles of 4f

ARKIVOC 2020, iii, S1-537

Dihedral angles X-ray  DFT (B3LYP) Dihedral angles X-ray  DFT (B3LYP)
C(3)-0(1)-C(2)-C(16) 30.36 33.505 C(15)-C(2)-C(16)-C(17) -141.77  -140.886
C(3)-0(1)-C(2)-C(15) 151.37  153.937 C(1)-C(2)-C(16)-C(17)  93.58 94.046
C(3)-0(1)-C(2)-C(1) -90.88 -87.844 C(2)-C(16)-C(17)-C(4) 7.2 4.232
C(2)-0(1)-C(3)-C(4) -17.28 -21.149 C(3)-C(4)-C(17)-C(16) 875 10.944
C(2)-0(1)-C(3)-C(25) 166.95  162.018 C(5)-C(4)-C(17)-C(16) -178.06  -173.521
0O(1)-C(3)-C(4)-C(5) -177.15  -178.289  C(11)-C(10)-C(18)-C(19) 1.93 0.786
C(25)-C(3)-C(4)-C(5) -1.65 -1.618 C(9)-C(10)-C(18)-C(19)) -177.79  -179.957
0(1)-C(3)-C(4)-C(17) -3.65 -2.557 C(10)-C(18)-C(19)-C(20) -178.38  -179.873
C(25)-C(3)-C(4)-C(17) 171.85  174.108  C(10)-C(18)-C(19)-C(12)  0.81 0.446
C(3)-C(4)-C(5)-0(2) 179.63  178.505  N(1)-C(12)-C(19)-C(20) 176.79  179.604
C(17)-C(4)-C(5)-0(2) 6.44 2.994 C(13)-C(12)-C(19)-C(20)  -2.03 -0.206
C(3)-C(4)-C(5)-C(6) 0.52 1.203 N(1)-C(12)-C(19)-C(18)  -2.44 -0.09
C(17)-C(4)-C(5)-C(6) -172.68  -176.714  C(13)-C(12)-C(19)-C(18) 178.74  179.899
0(2)-C(5)-C(6)-C(24) -177.59  -175.939  C(18)-C(19)-C(20)-C(21) 179.96 179.95
C(4)-C(5)-C(6)-C(24) 1.48 3.756 C(12)-C(19)-C(20)-C(21) 0.8 0.275
0(2)-C(5)-C(6)-C(7) 2.59 3.241 C(19)-C(20)-C(21)-C(14) 0.9 0.161
C(4)-C(5)-C(6)-C(7) -178.33  -177.063  C(13)-C(14)-C(21)-C(20)  -1.3 -0.025
C(24)-C(6)-C(7)-0(5) 179.48  170.423  C(28)-0(4)-C(24)-C(25) -28.73 -26.441
C(5)-C(6)-C(7)-0(5) -0.72 -8.668 C(28)-0(4)-C(24)-C(6)  155.76 156.05
C(24)-C(6)-C(7)-C(8) -1.8 -11.863 C(5)-C(6)-C(24)-0(4)  172.84  178.854
C(5)-C(6)-C(7)-C(8) 178.01 169.046 C(7)-C(6)-C(24)-0(4) -7.36 -0.244
0(5)-C(7)-C(8)-C(9) -20.75 -8.615 C(5)-C(6)-C(24)-C(25)  -2.52 -3.734
C(6)-C(7)-C(8)-C(9) 160.5 173.636 C(7)-C(6)-C(24)-C(25)  177.28  177.167
C(7)-C(8)-C(9)-C(10) -179.92  -178.134 0(4)-C(24)-C(25)-C(3) -173.8 -178.567
C(8)-C(9)-C(10)-C(18) 19.00 15.095 C(6)-C(24)-C(25)-C(3) 1.52 1.153
C(8)-C(9)-C(10)-C(11) -160.75  -165.768  0O(4)-C(24)-C(25)-C(26) 2.6 2.081
C(12)-N(1)-C(11)-0(3) -178.40  -179.751  C(6)-C(24)-C(25)-C(26) 177.92  175.332
C(12)-N(1)-C(11)-C(10) 2.14 0.182 0(1)-C(3)-C(25)-C(24)  176.41  178.464
C(22)-0(3)-C(11)-N(1) -0.90 -0.871 C(4)-C(3)-C(25)-C(24) 0.66 1.658
C(22)-0(3)-C(11)-C(10) 178.62 179.519 0(1)-C(3)-C(25)-C(26) 0.16 5.198
C(18)-C(10)-C(11)-N(1) -3.62 -0.681 C(4)-C(3)-C(25)-C(26)  -175.58  -177.996
C(9)-C(10)-C(11)-N(1) 176.1 179.89  C(24)-C(25)-C(26)-C(37) 11.24 13.31
C(18)-C(10)-C(11)-0(3) 176.9 179.733 C(3)-C(25)-C(26)-C(37) -172.53 -170.362
C(9)-C(10)-C(11)-0(3) -3.38 -0.525 C(25)-C(26)-C(37)-C(28) 1.1 3.775
C(11)-N(1)-C(12)-C(13) 179.83  179.974  C(24)-0(4)-C(28)-C(37)  38.12 40.586
C(11)-N(1)-C(12)-C(19) 1.01 0.216 C(24)-0(4)-C(28)-C(30) -83.71 -80.988
N(1)-C(12)-C(13)-C(14) -177.21  -179.791  C(24)-0(4)-C(28)-C(29) 157.39  160.604
C(19)-C(12)-C(13)-C(14) 1.65 0.024 C(26)-C(37)-C(28)-0(4)  -23.97 -28.593
C(12)-C(13)-C(14)-C(21) 0.0 0.093 C(26)-C(37)-C(28)-C(30) 96.03 90.789
0(1)-C(2)-C(16)-C(17) -25.59 -25.051  C(26)-C(37)-C(28)-C(29) -138.93  -143.859
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