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

Supporting Information

Efficient Syntheses of Macrocycles Ranging from 22-28
Atoms through Spontaneous Dimerization to Yield Bis-
hydrazones

Vishal R. Sharma, Arshad Mehmood, Benjamin G. Janesko, and Eric Simanek”

Department of Chemistry and Biochemistry, Texas Christian University, Fort Worth, Texas 76129.

Table of Contents

Synthesis of 7 . . . . . . . . .9
Figure S1T: TH-NMR OF 7o 10
Figure S2: PCNMR OF 7...oooooeeeeeeeeeeee e eeenaees 10

Synthesis of 8 . . . . . . . . A1
Figure S3: "H-NMR O 8 ......oovuiviiiieieieeeieeeseeeeee e 11

Synthesis of 1 . . . . . . . . A2
Figure S4: TH-NMR OF L..oovuooeoivoeeeeeeeeeeeee e se e 13
Figure S5: PCNMR OF 1....oooooivoeeeeeeeeee oo 13
Figure S6: Mass SPECIITUM OF 1 .....iiiiiiiiiiiiiiit ettt ettt e ebeeneeen 14

Synthesis of 2 . . . . . . . . A5
Figure S7: "H-NMR OF 2 .....oouoviiiiieieieee e 16
Figure S8: PCoNMR OF 2 ..o 16
Figure S9: Mass SPECIITUM OF 2 ......oiuiiiiiiiiiiiiiiiteitene ettt ettt ettt e b e e b e b eneees 17

Synthesis of 4 . . . . . . . . A8




Figure S10: "H-NMR OF 4........ooovoiveieeoeeeoeeoeeoeeeeeeeee e se e 19
Figure ST1: PC-NMR OF 4 ... 20
Figure S12: Mass SPECLIUM OF 4 ...cc.ciiiiiiiiiiiiiiiieterte ettt ettt ettt e sbe bt e b b enaeen 20
Synthesis of 11 21
Figure S13: "H-NMR OF 11 c...oooivooeeeoeeeeeeeeeeeeeeeeeeeeee e ne s 22
Figure S14: PC-NMR OF 11 ...oooivoieeoeeeeeeeeeeeeeeee e 22
Synthesis of 12 .23
Figure S15: "H-NMR OF 12........ovoiviiooeooeeoeeoeeeeeeeeeeeeeeee e ne e 24
Figure S16: PC-NMR OF 12......ooovoieeeeieeeeeeeeee e see s eeeeaees 24
Synthesis of 3 .25
Figure S17: "H-NMR OF 3 ...oooooovoeeeeeeeeeeeeeeeeeeeeeee e se e 26
Figure S18: PC-NIMR 0F 3 ..oo.vovieeceeeeeeeeee et se e 27
Figure S19: Mass SPECLIUM OF 3 ...couiiiiiiiiiiiiiiiietereet ettt ettt st ettt sbe b enaees 27
Synthesis of 5 .28
Figure S20: "H-NMR OF 5.......oooiviveeeeeeeeeeeeeeeeeeeeee e 29
Figure S21: PC-NMR OF 5....ooovvoieoieeeeeeeeeeeee e s e eeeeaees 30
Figure S22: Mass SPECLIUM OF 5 ....oouiiriiiiiiiiiiiiitetetet ettt et nbeeneees 30
Synthesis of 6 31
Figure S23: "HNMR OF 6 .......oovoveeeeoeeeeeeeeeeeeeeeeee e enee e eneeoan 32
Figure S24: PC-NMR OF 6.........voveeeeeeeeee e se e 33
Figure S25: Mass SPECLIUM OF 6 ....cc.eiriiiiiiiiiiiiiiiiereee ettt ettt sttt et sbe e b enaees 33
Synthesis of 13 34
Figure S26: "H-NMR OF 13 .......ooovmiiioeeeeeeeeeeeeeeeeeeeeee e se e 35
Figure S27: PC-NMR OF 13 ...ooiviieeoeoeeeeeee e 35



Synthesis of 14 ........ .36
Figure S28: "H-NMR OFf 14..........cooiimiioieeieeeeeeeeoeeeeeee oo se e 37
Figure S29: PC-NMR Of 14 .......ooivmoeeooeeeeeeeeeeeeeeeeeeee e ese e 37

Synthesis of 15........ .38
Figure S30: "H-NMR OF 15 .......oouiomoiiooeeeeeeeeeeeeeeeeeeeeee e se e 39
Figure S31: PC-NMR OF 15 ...oovoeeeeeoeeeeeeeeeeeeeee e ne e 39

Synthesis of 16........ .40

Synthesis of model compound 17.. 41
Figure S32: "H-NMR OF 17 c....ooovoioeeeeoeeeoeeeeeeeeeeeeeeee e ene e 42

Synthesis of model compound 18.. .43
Figure S33: "H-NMR OF 18 .......oouomieeoeeeeeeeeeeeeeeeeeee e ne s 44
Figure S34: PC-NMR OF 18 ......vuoeieeieeeeeeeeeeeeeeeeeee e se e 44

Synthesis of 1*1...... .45
Figure S35: "H-NMR 0f 1 i DMSO-6...........ooovmreeeereeeeeeeeeeeeeeeeee e 46
Figure S36: 'H-NMR of 1*1 in DMSO-ds with drop of MEOD.............coovvmveeeeeereeiereeeeeeeeseseseenns 47
Figure S37: "H-NMR 0f 1#1 in CD30D ........coooviveieeeeeeeeeeeeeeeeeeeeee e ese e 47
Figure S38: "C-NMR 0f 1#1 i DMSO-y.......overvrrmreireeieeeseeeeiseeeeeeseeeeeseeeseseeseseeee e essese e 48
Figure S39: "H-COSY 0f 1¥1 i DMSO=.......oveveereeeereieeeeeoeeeeeeeeeeeeeeeeeeseeeeesesseeseesese e 49
Figure S40: 'H-COSY of 1*1 in DMSO-dg (Z0OMEA) ........ouveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 50
Figure S41: "H-NOESY Of 1#1 i1 DMSO-d ..covveeeeeeeeeeeeeeeeeeseeeeeeseeeeeeeeeeeeeseseseeeeeeeseeeeeeseseeeeeee 51
Figure S42: X-ray crystal structure Of 1% 1 ........cccoiiiiiieeceeeceeee e 52
Table S1: Selected H-bond parameters of 151 ... 52
Figure S43: Mass Spectrum Of 1¥ 1 .......ocoiiiiiiee e s 53
Figure S44: HPLC chromatogram of 1#1........c.ccoiiiiiiiiiiccee s 53



Synthesis of 2*2 ...... .54
Figure S45: "H-NMR 0f 22 i DMSO-y........c.oveerereereieeeeeeeeeeeeeeseeeeeseeseeeeesessees s seesness s 55
Figure S46: 'H-NMR of 2*2 in DMSO-ds with drop of MOD.............ccooovveveereeereeeereeeeeeeeersseseenes 55
Figure S47: "H-NMR 0f 2%2 i1 CD30D ... 56
Figure S48: "C-NMR 0f 2%2 i CD30D ........o.ovoveeeeeeeeeeeeeeeeeeeeeeees e eeses s 56
Figure S49: "H-COSY 0f 2%2 i DMSO-.......vvevereerereeieeeseeeeseseeeseeseeseseeeseessssess s eeenaens 57
Figure S50: "H-COSY 0f 2*2 in DMSO-dg (ZOOMEA) .......eeeveeeeeereeeeeeeeeeeeeeeeeeeeeeseeeeseeeesree s eseeeeeeeees 58
Figure S51: "H-NOESY 0f 2%2 i1 DMSO - .v.covveeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeseeeeeeeeeeseseeeseseeeeee 59
Figure S52: X-ray crystal structure 0f 2%2 ..........ccooiiiiiieiiceee s 60
Table S2: Selected H-bond parameters of 22 ...t 60
Figure S53: Mass SPECtUM OF 2%2 ......oiiiiiiiiiiieiee ettt s 61
Figure S54: HPLC chromatogram Of 2%2 ...........cccooiiiiiiieiieeeieee s 61

Synthesis of mixture of 1*1, 1*2, and 2*2. .62
Figure S55: Mass spectrum of 1*1, 152, and 2%2.......ccooviiiiiiiiieeie ettt 63
Figure S56: HPLC chromatogram of mixture of 1*1, 1*2, and 2*2 ........cccceeviiiiiniiniiniinccneeeeeeeen 63

Synthesis of 3*3...... .64
Figure S57: "H-NMR 0f 3*3 i DMSO-y........oooveerereireeeeeeeeeeoseeeeeseeeeeeeeeseseeesessees s snesnoon 65
Figure S58: "H-NMR 0f 3%3 in CD30D ........cooovioereeeeeeeeeeeeeeeeeeeseee e eesese e 65
Figure S59: "C-NMR 0f 3*3 i CD30D ......co.oviveieeeeereeeeeeeeeeeeeeeeee e 66
Figure S60: "H-COSY 0f 3%3 i DMSO=.......vveevereerrreeieeeseeeeseseeeseeeeeseesseeseesssseesessesesessesseseeenaens 67
Figure $61: "H-NOESY 0f 3#3 i1 DMSO -t ....vveeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeseseeseeeeeeseeeeeeseseeseeee 68
Figure S62: X-ray crystal structure 0f 33 ... ....oiiiiiiceeeeeeee e 69
Table S3: Selected H-bond parameters of 3%3 ... 69
Figure S63: Mass Spectrim OF 3%3 ...ttt 70
Figure S64: HPLC chromatogram of 3*3..........coooiiiiiiieeeee s 70



Synthesis of 4*4 ...... 71
Figure S65: 'H-NMR 0f 4*4 i DMSO-y..........covevereereireeeeoeeeeeeeeseeeeeeeeeeeeeesessees s sneseoon 72
Figure S66: 'H-NMR 0f 4*4 in CD30D ...........coomvmiiereireeeeeeeeeeeeeeeeeeeseeeeee s eesese s 72
Figure S67: "C-NMR 0f 4¥4 in CD30D .........coomvmreeeieeeeeeeeeeeeeeeeee e eee e eesese e 73
Figure S68: 'H-COSY 0f 4¥4 i DMSO=.......cvvevereerereeeeeeseeeeseseeseeeeseeseeseeseesees s esenenaens 74
Figure S69: "H-COSY 0of 4*4 in DMSO-dg (ZOOMEA) .......oeeveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeseee s eeeeeeees 75
Figure $70: "H-NOESY 0f 4%4 i1 DMSO - ...ovveeoeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeseeeeeeeeeeseseeeeseseeeeee 76
Figure S71: X-ray crystal structure 0f 4*4 ..........ccoiiiiiiceeeeeeee e 77
Table S4: Selected H-bond parameters of 44 ..o 77
Figure S72: Mass SPECtIUM OF 4¥4 ........oiiiieiiiieeee et s 78
Figure S73: HPLC chromatogram Of 4%4...........ocoooiiiiieieeieeeeee s 78

Synthesis of 5*5....... .79
Figure S74: "H-NMR 0f 5%5 i DMSO-y........o.cvveereereereeeeeeeereeeeeeeeseeeeeeeeeseseeesesseeseeesese s 80
Figure S75: '"H-NMR of 5*5 in DMSO-ds with drop of CD30D ..........cooovvrveereeeeeeeiereeeeeeeeseseseenes 80
Figure S76: "H-NMR 0f 5%5 in CD30D ........co.ovivereeeereeeeeeeeeeeeeeeeee e ssee s 81
Figure S77: "C-NMR 0f 5%5 i DMSO-g .....vveverereereieeeeeeeeeeeeeeeeeeeeeeeee s 81
Figure S78: "H-COSY 0f 5%5 i1 DMSO-.......vvevereerereeieeeseeseeseseeeseeseeseesseeseesssseessessesssssessesensenees 82
Figure S79: "H-COSY 0f 5*5 in DMSO-dg (ZOOMEA) .......eeeveeeeeeeeeeeeeeeeeeeeeseeeeeseseeeeseeeseee s eseseeeeeees 83
Figure S80: "H-NOESY 0f 5%5 i DMSO-t6 ....veceeveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeseeseseseeseeeseeeeseenes 84
Figure S81: *C-"H-HMQC 0f 5%5 i DMSO=d «..e.vvovverreeeeeeereeeeeeeeeeeeeeeeeeeeeeeeeesees s 85
Figure $82: *C-"H-HMQC of 5*5 in DMSO-dg (Z0OMEA 1) .......ovveeeeeeeeeeeeeeeeeeeeeeeee e 86
Figure $83: *C-"H-HMQC of 5*5 in DMSO-dg (Z0OMEA 2) .....ovveeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 86
Figure S84: Mass SPeCtrUM OF 5*5 .......oiiiiiiiiee s 87
Figure S85: HPLC chromatogram Of 5*5........cccoooiiiiiiieeiee s 87



Synthesis of mixture of 3*3, 3*5, and 5*5. . . . . .88

Figure S86: HPLC chromatogram of a mixture of 3*3, 3*5, and 5*5......ccccovviiviiiniieeeeeee e, 88
Synthesis of 6%6....... . . . . . . .89
Figure S87: 'H-NMR 0f 6%6 i DMSO-y..........coveovereereeeeeeeoreiseeeeeseeeeeeeeseeeeeseesseeseeesesee e s 90
Figure S88: "H-NMR 0f 6%6 in CD30D ...........coovvmrereeireeeeeeeseeseeeeeseeseeeeeseeeees s eesese e 90
Figure S89: "C-NMR 0f 6%6 i CD30D ..........coooverereeireeeeeeeeeeeesees e eeese e 91
Figure S90: "H-COSY 0f 6¥6 i1 DMSO-........oovverrerereeieeeseeseeeseseeeseeseeseseeseesesseessssesessees s 92
Figure S91: "H-COSY 0f 6*6 in DMSO-dg (ZOOMEA) .......oeeveeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeseseseee s eereeeeeeeees 93
Figure 892: "H-NOESY 0f 6%6 i1 DMSO - .....ovveeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeseeeseeeeeeeseseeeeseseeeeee 94
Figure S93: X-ray crystal Structure 0f 66 .........ccccouiuieiiiiieieeeeeeee e 95
Table S5: Selected H-bond parameters of 6%6 ..........cccoooveiiiiiiiiiieeee s 95
Figure S94: Mass SPECIIUM OF %0 .......c.coioiiiiiiiiieicieeee et s 96
Figure S95: HPLC chromatogram Of 6¥0............ccoeiiiiieiiiiiiecceeee s 96
Synthesis of macrocycle 10. . . . . . . 97
Figure S96: "H-NMR 0f 10 i DMSOle.........ovrveereeeireeeeeeeeeeoeeeeeeseeseeseessseeesessees s s 98
Figure S97: "C-NMR 0f 10 i1 DMSOle ......ovovvorrerereereoeeeeeeeeeeeeeeeeseeeeeeeeseeeeee s eeesese s 98
Figure S98: "H-COSY 0f 10 i DMSO-de........vvrrereereereeieeeeeseeeseseeeseesseeeesseeseeseeseesssssesssssess e 99
Figure S99: 'H-NOESY 0f 10 in DMSO-dl ......vvueveeeereeeeeeeeeeeeeeeseeeeseeeseeseeseeeseesee s sneeeon 100
Synthesis of model system 9 . . . . . . 101
Figure S100: "H-NMR 0f 9 il DMSOli.......ovevverereeeeeeeereeeeoeeeeeeeeeeseeseeeeeeseeessseeseeseesees s 102
Figure S101: PC-NMR 0f 9 i1 DMSO=le ......ovovveereeeeeeeeeeeeeeeeeeeeeeeeeeseeseeeeeseeessveeseese s e 102
Figure S102: "H-COSY 0f 9 i DMSO-li.......ovovereeeeeeeeeeeeeeeeeeeeseeeseeseesees e eneenon 103
Figure $103: "TH-NOESY 0f 9 i DMSO-te ....covveeeeeeeoeeeeeeoeeeeeeeeeeeeeeeeeeseeeeeeseeeeeseeeeseseesseeeeseeee 104
Synthesis of mixture of 14-21 macrocycles . . . . . 105



Figure S92: HPLC chromatogram of mixture of macrocycles ..........cocvvvvriieriiiniieiiiecieeee e 105

X-ray diffraction analysis... . . . . . . 106

References:... . . . . . . 107



“Author Contribution Statement”
Vishal Sharma was responsible for the synthesis, non-crystallographic characterization, and
manuscript preparation. Arshad Mehmood was responsible for the crystallography and

manuscript preparation. Benjamin Janesko and Eric Simanek oversaw the effort.



Synthesis of compound 7 from Cyanuric Chloride:

o 1-1equiv Glycine ethyl ester.HCI O/\ H i J<
_ o

Cl_N DIPEA, THF, 0°C-RT, 12h N. N. N
N ) ’ ’ . N
AN
W jN/ . | TN
Y 2. 1 equiv. Boc-hydrazide, N.__N 0
& 0°C-RT, 12h. h
. | N
3. 1.8 equiv. Morpholine, 0]

reflux, 20 mins.

Cyanuric chloride (5.00 g, 0.027 moles) was dissolved in 40 ml dry THF in a three neck
round bottom flask equipped with stirring bar and purged with Ar. Then, glycine ethyl ester
hydrochloride salt (3.8 g, 0.027 moles) and DIPEA (14.0 g, 0.104 moles) were dissolved in a
mixture of 2 ml MeOH and 5 ml THF was then added to three neck flask dropwise at -20°C.
Temperature of the reaction mixture was raised slowly to 25°C and left to stir overnight. The
reaction progress was monitored via TLC. Boc-hydrazide (3.6 g, 0.027 moles) was dissolved in 5
ml THF and then added dropwise to the reaction mixture at 0°C. Resulting solution was warmed
to room temperature slowly and left to stir over night. The reaction progress was monitored via
TLC. Third, morpholine (4.3 g, 0.05 moles) was added to the reaction mixture and then refluxed
for 20 minutes. Excess solvent was removed under vacuum and crude product was extracted with
DCM/H;0, collected in DCM (x3). Column chromatography was performed using 1:1 mixture of
Hexane and ethyl acetate to afford 7.7 g (72%) of compound 7 as white solid.

Figure S1: '"H-NMR, CDCls, 8 4.21 (2H, 2), 4.12-4.06 (2H, q), 3.73-3.65 (8H, m), 1.44 (9H, s),
1.27-1.23 (3H, t).
Figure S2: "C-NMR, CDCls, & 170.8, 167.8, 165.8, 164.9, 156.5, 81.0, 66.8, 61.1, 43.5, 43.0,

28.2,14.2.
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Figure S2: ?C-NMR of compound 7
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Synthesis of compound 8 (Ester hydrolysis):

OK/ H i MeOH/5%NaOH O e

N N N. 60°C, 2h.

\I( N H 0 —_——— K/N |N\ N‘NLOJ<
N\fN o Acid work-up N. _N o H

Compound 7 (6.5 g, 0.0164 moles) was dissolved in 20 ml MeOH and 10 ml 5% NaOH.
The resulting mixture was left to stir at 50°C for 2 hours. MeOH was removed under vacuum and
basic extraction was performed to retrieve any impurities and unreacted ester in organic layer. Aq.
Layer was brought to acidic pH (5.0) using 1 M HCI was added to precipitate the acid in aq. layer.
Solution was filtered to retrieve 5.9 g (98%) of compound 8 as white solid.

Figure S3: "H-NMR, CDCls, § 4.15 (2H, 2), 3.85-3.72 (8H, m), 1.47 (9H, s).
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—1.47
—~—1.29

1.27

Figure S3: '"H-NMR of compound 8.
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Coupling of 8 with amino acetaldehyde dimethyl acetal, synthesis of 1:

0™ 0
0™ O (NN R U J<
§ J< HOBT, EDC.HCI 'NTTO
N N )ko THF, 0°C-RT, 12h ?\l'/ TN

o)
NN +H2N/\O(\—> ¥

_N 0
JN/ A - HN L \ /\o/o\
~N

Compound 8 (1.0 g, 2.7 mmoles) was dissolved in a mixture of 10 ml DCM and 5
ml dry DMF in a two-neck flask equipped with stirring bar and purged with Argon. HOBT (0.54
g, 3.5 mmoles) and EDC.HCI (0.65 g, 3.6 mmoles) were dissolved in 5 ml DMF and added to flask
dropwise at 0°C. After stirring the reaction mixture for 10 minutes, 0.35 g of DIPEA was added
slowly. After another 10 minutes, amino acetaldehyde dimethyl acetal (3.5 mmoles, 0.37 g) of was
added dropwise to flask. Resulting solution was brought to room temperature and left to stir for 48
hours at room temperature. Excess solvent was removed under vacuum and reaction mixture was
washed with water and crude product collected in DCM (x3). Crude product was further purified
using column chromatography with 1:1 solvent ratio of Hexane: ethyl acetate to remove the side
product of HOBT and then 25:1 solvent ratio of DCM:MeOH to retrieve 610 mg (51%) of 1 as
white solid.
Figure S4: '"H-NMR, CDCls; § 4.15 (2H, 2), 3.98 (2H, s), 3.85-3.72 (8H, m), 3.35 (6H, s), 1.47
(9H, s).
Figure S5: "C-NMR, CDCl3; 170.7, 167.8, 166.2, 164.9, 156.5, 102.5, 81.3, 66.7, 54.3, 45.1, 43.6,
40.8, 28.2.

Figure S6: MS (ESI/Q-TOF) m/z: [M+H]" Calcd for C,sH3,N5O4 456.24; Found 457.15.
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Figure S6: Mass spectrum of compound 1.
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Coupling of 8 with amino propionaldehyde diethyl acetal, synthesis of 2:

o O o o]
QNTN\ HNJ\OJ< . HzN\/YO\/ ?SEEO%E-)F%HA%h K/NTN\\KH”J\Ok
NN o — NYN 0 o~
HN QKOH HN%N&)\O/\
Compound 8 (1.0 g, 2.7 mmoles) was dissolved in a mixture of 10 ml DC1\|j[ and 5 ml dry
DMF in a two-neck flask equipped with stirring bar and purged with Argon. HOBT (0.54 g, 3.5
mmoles) and EDC.HCI (0.65 g, 3.6 mmoles) dissolved in 5 ml DMF were added to flask dropwise
at 0°C. Reaction mixture was left to stir for 10 minutes and 0.35 g of DIPEA was added slowly.
After 5 minutes, amino propionaldehyde diethyl acetal (0.52 g, 3.5 mmoles) was added dropwise
to flask. Resulting solution was brought to room temperature and left to stir for 48 hours at room
temperature. Excess solvent was removed under vacuum and reaction mixture was washed with
water and crude product collected in DCM (x3). Crude product was further purified using column
chromatography with 1:1 solvent ratio of Hexane: ethyl acetate to remove the side product made
by HOBT and then 25:1 solvent ratio of DCM:MeOH to retrieve 650 mg (50%) of 2 as white solid.
Figure S7: '"H-NMR, CDCls; & 4.48 (2H, s), 3.92-3.91 (2H, d), 3.70-3.41 (10H, m), 3.35 (6H, s),
3.39-3.32 (2H, q), 3.32-3.27 (2H, q), 1.78-1.75 (2H, m), 1.42 (9H, s), 1.16-1.12 (3H, t).
Figure S8: ?C-NMR, CDCl; ; § 170.2, 167.6, 165.9, 164.7, 156.5, 101.7, 81.3, 66.7, 61.6, 45.0,

43.5,35.3,33.3,28.2, 15.2.

Figure S9: MS (ESI/Q-TOF) m/z: [M+H]" Calcd for CyH34NgOs 498.29; Found 499.11.
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Coupling of 8, with 1-amino-4,4-diethoxybutane, synthesis of 4:

OK/N NN j\ J< OBT, EDC.HC OK/N N j)\ J<
. HOBT, EDC.HCI .
\Nlr \?\l/ H 0] + HZN/\/\/O\/ THF, 0°C-RT, 24-48h \Nl( N H °

N 5 O\/

il T
HN HN 0
OH \)J\H/\/\O/\/\/
Compound 8 (1.0 g, 2.7 mmoles) was dissolved in a mixture of 10 ml DCM and 5 ml dry
DMEF in a two-neck flask equipped with stirring bar and purged with Argon. HOBT (0.54 g, 3.5
mmoles) and EDC.HCI (0.65 g, 3.6 mmoles) were dissolved in 5 ml DMF and added to flask
dropwise at 0°C. Reaction mixture was left to stir for 10 minutes and 0.35 g of DIPEA was added
slowly. After stirring the mixture for 10 minutes, amino propionaldehyde diethyl acetal (0.52 g,
3.5 mmoles) was added dropwise. Resulting solution was brought to room temperature and left to
stir for 30 hours at room temperature. Excess solvent was removed under vacuum and reaction
mixture was washed with water and crude product collected in DCM (x3). Crude product was
further purified using column chromatography with 1:1 solvent ratio of Hexane: ethyl acetate to
remove the side product made by HOBT and then 25:1 solvent ratio of DCM:MeOH to retrieve
550 mg (40%) of 4 as white solid.
Figure S10: '"H-NMR, CDCls; & 4.46-4.43 (1H, 1), 3.72-3.56 (10H, m), 3.59-3.43 (2H, m), 3.24-
3.21 (2H, q), 1.57-1.53 (4H, m), 1.43 (9H, s), 1.18-1.15 (3H, t).
Figure S11: "C-NMR, CDCl3; § 170.2, 167.6, 166.1, 164.8, 156.8, 102.5, 81.2, 66.7, 61.2, 46.0,

45.0, 39.0, 30.9, 28.2, 24.7, 24.7, 15.3.

Figure S12: MS (ESI/Q-TOF) m/z: [M+H]" Calcd for C,,H4NgOg 512.31; Found 513.15.
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Synthesis of 11 from Triazine Chloride:

O
1.1 equiv. Beta-alanine ethyl esterHCl . N. N Y J<
) (0]

DIPEA, THF, -20°C-RT, 12h. N N
CIYN\ Cl , THF, -20°C-RT, N N
| —_— > N__N
N\fN 2. 1 equiv. Boc-hydrazide,
0°C-RT, 12h. HN o]
Cl \/\”/ ~
O

In a three neck round bottom flask equipped with stirring bar and purged with argon,
Cyanuric chloride (3.00 g, 0.016 moles) was dissolved in 40 ml dry THF. Beta-alanine ethyl ester
hydrochloride salt (2.45 g, 0.016 moles) and DIPEA (4.3 g, 0.032 moles) were dissolved in a
mixture of 2 ml MeOH and 5 ml THF and then added to flask at -20°C. Reaction mixture was
brought to room temperature slowly and left to stir overnight. The reaction progress was monitored
via TLC. Boc-hydrazide (2.11 g, 0.016 moles) was dissolved in 5 ml THF and then added dropwise
to the reaction mixture at 0°C. Temperature of the resulting solution was raised slowly to room
temperature and left to stir over night. After confirming the completion of reaction via TLC, excess
solvent was removed under vacuum and crude product was extracted with DCM/H,0 and collected
in DCM (x3). Column chromatography was performed using 1:1 mixture of Hexane and ethyl
acetate to afford 5.4 g (94%) of 11 as white solid.

Figure S13: '"H-NMR, CDCl;3, 8 4.16-4.11 (2H, q), 3.69-3.68 (2H, m), 2.62-2.60 (2H, t), 1.45 (9H,
s), 1.27-1.22 (3H, t).
Figure S14: PC-NMR, CDCl;, § 172.0, 168.4, 167.5, 165.7, 159.5, 81.7, 60.8, 36.6, 33.6, 28.1,

14.2.
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Synthesis of 12 from 11:

H i J< 1. Morpholine, MeOH, DIPEA OK/ H i J<
Cl N _N. RT-60°C, 20 mins. N_. N_ _N.
\f 2. 5%NaOH \f
HN o 60°C, 1h. Acid work-up HN\/YOH
0

T
Compound 11 (2.8 g, 0.0078 moles) was dissolved in methanol in a small flask equipped
with stirring bar. To this, morpholine (810 mg, 0.00934 moles) and DIPEA (1.0 g) were added to
flask. Reaction mixture was heated to 60°C and left to stir for 15 minutes. Reaction progress was
monitored via TLC. After the completion of reaction 5 ml of 5% NaOH was added to reaction
mixture and left to stir for one hour. Methanol was removed under vacuum and crude was extracted
to remove any impurities in DCM solvent. Aqueous layer was acidified by adding acetic acid until
product (acid) precipitated in the solution. Solution was filtered, washed with cold water, and dried
under vacuum to retrieve 2.75 g (92%) of 12 as white solid.
Figure S15: "H-NMR, CDCl3/CD;0D, & 3.77-3.55 (10H, m), 2.44 (2H, m), 1.39 (9H, s).
Figure S16: C-NMR, CDCl3/CD;0D, & 179.3, 163.0, 158.0, 155.6, 81.3, 66.5, 43.9, 36.5, 34.7,

28.0.
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Coupling of acid, 12, with amino acetaldehyde dimethyl acetal, synthesis of 3:

0 o) o) 0
O\j N, N L J< HOBT, EDC.HCI O\J NN L J<
NS UNTTO . 0._THF, 0°C-RT, 24-48h Y N o©
HN\/\”/OH > HN\/\H/N o
0 0

Compound 12 (1.0 g, 2.6 mmoles) was dissolved in a mixture of 15 ml DCM and 3 ml dry
DMEF in a two-neck flask equipped with stirring bar and purged with Argon. HOBT (0.52 g, 3.4
mmoles) was added to flask dropwise at 0°C. Reaction mixture was left to stir for 10 minutes and
then EDC.HCL (0.65, 3.4 mmoles) was added. After stirring for 10 minutes, amino acetaldehyde
dimethyl acetal (0.33 g, 3.1 mmoles) was added dropwise to flask at 0°C. Resulting solution was
brought to room temperature slowly and left to stir for 36 hours. Excess solvent was removed
under vacuum and reaction mixture was washed with 0.5 M acetic acid and crude product collected
in DCM (x3). Crude product was then further washed with saturated NaHCO; to remove any
unreacted acid intermediate. Crude product was further purified using column chromatography
with 1:1 solvent ratio of Hexane: ethyl acetate to remove the side product made by HOBT and then
25:1 solvent ratio of DCM:MeOH to retrieve 3 (580 mg, 56%) as white solid.
Figure S17: '"H-NMR, CDCls; § 4.38 (1H, t), 3.72-3.68 (10H, m), 3.39 (8H, m), 2.50-2.47 (2H, 1),
1.47 (9H, s).
Figure S18: "C-NMR, CDCl3; 171.8, 165.0, 156.5, 102.7, 81.1, 66.8, 54.4, 43.5, 40.9, 36.9, 28.2.

Figure S19: MS (ESI/Q-TOF) m/z: [M+H]" Calcd for C19H34NgOg 470.26; Found 471.18.
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Coupling of acid, 12, with amino propionaldehyde diethyl acetal, synthesis of 5:

0 o o} o}
L_NLN N J< Lo HOBT, EDC.HCI @ N. N )<
YOS NTo . L THF, 0°C-RT, 24-48h Y N o
N__N HoN o @ — NYN .
HN\/\[(OH HNWN\/\/OV
o (0] o~

Compound 12 (700 mg, 1.8 mmoles) was dissolved in a mixture of 12 ml DCM and 3 ml
dry DMF in a two-neck flask equipped with stirring bar and purged with Argon. HOBT (0.29 g,
1.9 mmoles) was added to flask dropwise at 0°C. Reaction mixture was left to stir for 10 minutes
and then EDC.HCI (0.36 g, 1.9 mmoles) was added. After another 10 minutes, amino
propionaldehyde diethyl acetal (0.18g, 1.9 mmoles) was added dropwise to flask at 0°C. Resulting
solution was brought to room temperature slowly and left to stir for 24 hours at room temperature.
Excess solvent was removed under vacuum and reaction mixture was washed with 0.5 M acetic
acid and crude product collected in DCM (x3). Crude product was then further washed with
saturated NaHCOj3 to remove any unreacted acid intermediate. Crude product was further purified
using column chromatography with 1:1 solvent ratio of Hexane: ethyl acetate to remove the side
product made by HOBT and then 25:1 solvent ratio of DCM:MeOH to retrieve 5 (510 mg, 55%)
as white solid.
Figure S20: '"H-NMR, CDCl3; & 4.55 (1H, t), 3.76-3.63 (12H, m), 3.51-3.48 (2H, q), 3.34-3.31
(2H, q), 2.45-2.42 (2H, t), 1.81-1.80 (2H, q), 1.46 (9H, s), 1.22-1.19 (3H, t).
Figure S21: "C-NMR, CDCl3; 171.3, 165.0, 156.6, 102.2, 81.0, 66.8, 61.8, 43.5, 37.0, 36.3, 35.5,
32.8,28.2, 15.3.

Figure S22: MS (ESI/Q-TOF) m/z: [M+H]" Calcd for C,,H4NgOg 512.31; Found 513.17.
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Coupling of acid, 12, with 1-amino-4,4-diethoxybutane, synthesis of 6:

o} o) o) o)
L_N_N N )< L HOBT, EDC.HCI ()\1 NN )<
YOS N7 o o] THF, 0°C-RT, 24-48h YOS ” 0]
NN + HZN\/\)\O/\ - NN H o
HNWOH H \/YN\/\)\O/\
o) o}

Compound 12 (920 mg, 2.4 mmoles) was dissolved in a mixture of 15 ml DCM and 3 ml
dry DMF in a two-neck flask equipped with stirring bar and purged with Argon. HOBT (0.44 g,
2.8 mmoles) was added to flask dropwise at 0°C and resulting reaction mixture was left to stir for
10 minutes. Then, EDC.HCI (2.8 mmoles, 0.55 g) was added. After 10 minutes, amino
butanaldehyde diethyl acetal (2.8 mmoles, 0.47 g) was added dropwise to flask at 0°C. Resulting
solution was brought to room temperature slowly and left to stir for 24 hours at room temperature.
Excess solvent was removed under vacuum and reaction mixture was washed with 0.5 M acetic
acid and crude product collected in DCM (x3). Crude product was then further washed with
saturated NaHCOj3 to remove any unreacted acid intermediate. Crude product was further purified
using column chromatography with 1:1 solvent ratio of Hexane: ethyl acetate to remove the side
product made by HOBT and then 25:1 solvent ratio of DCM:MeOH to retrieve 6 (520 mg, 42%)
as white solid.
Figure S23: '"H-NMR, CDCls; & 4.48-4.45 (1H, 1), 3.76-3.60 (12H, m), 3.50-3.44 (2H, m), 3.21-
3.20 (2H, q), 2.44-2.41 (2H, t), 1.61-1.59 (2H, m), 1.56-1.54 (2H, m), 1.45 (9H, s), 1.21-1.18 (3H,
t).
Figure S24: "C-NMR, CDCls; 171.7, 167.6, 166.6, 165.7, 164.9, 156.7, 102.6, 80.8, 66.8, 61.2,
43.5,39.2,37.0,36.3, 31.0, 28.2, 24.5, 15.3.

Figure S25: MS (ESI/Q-TOF) m/z: [M+H]" Calcd for C,3H42NgOg 526.31; Found 527.17.
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Synthesis of 13 from Triazine Chloride

o _N__N j\ J<
Cl N_ _CI 1.1 equiv. Boc-hydrazide, AN ‘N7 0
e 0°C-RT, 12h. O H
N__N — NN
\( 2. 1 equiv. Morpholine,

cl 0°C-RT, 12h. [Nj
0

In a small three neck flask equipped with stirring bar and purged with argon, 1.0 g (5.4 mmoles)
of cyanuric chloride was dissolved in 30 ml THF. Two equivalent DIPEA (1.40 g, 10.8 mmoles)
was added to the solution. One equivalent tert-butyl carbazate (0.72 g, 5.4 mmoles) dissolved in
10 ml THF was added to reaction mixture at 0°C and resulting solution was brought to room
temperature slowly and left to stir overnight at room temperature. Reaction progress was
monitored by TLC. Once the reaction was complete, one equivalent morpholine (0.473 g, 5.4
mmoles) was added dropwise to reaction solution at -30°C. Resulting solution was brought to room
temperature and left to stir overnight. Excess solvent was removed under vacuum, re-dissolved in
DCM, washed with water, dried over brine, and finally chromatographic purifications were done
using 2:1 hexane: ethyl acetate solution to afford 13 (1.61 g, 91%) as white solid.

Figure S26: '"H-NMR, CDCls; & 7.97 (1H, s), 6.55 (1H, s), 3.82-3.71 (8H, m), 1.47 (9H, s).

Figure S27: PC-NMR, CDCls; 169.3, 167.3, 155.4, 81.6, 66.5, 44.0, 39.2, 28.2.
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Synthesis of 14 from 13

0
i | J<
H .
ol N_ _N. L Methyl iodide, CIWN\ N. J\o

NN 0T NaH THERTSh T T N
N__N 7
T N

® )

In a small round bottom flask purged with nitrogen, compound 13 (50 mg, 0.15 mmoles) was

dissolved in dry THF. One equivalent sodium hydride (3.7 mg, 0.15 mmoles) was added to flask
at 0°C. After about 10 minutes, methyl iodide (43 mg, 0.30 mmoles) was added to the solution.
Reaction mixture was brought to room temperature and left to stir for 2 hours. Excess solvent
removed, re-dissolved in DCM, washed with water and further purified by column
chromatography using 2:1 hexane: ethyl acetate solvent system to afford 14 (31 mg, 60%) as white

solid.
Figure S28: "H-NMR, CDCl;; & 3.82-3.71 (8H, m), 3.40-3.36 (3H, s), 1.47 (9H, s).

Figure S29: *C-NMR, CDCl;; 164.5, 81.9, 66.6, 43.9, 38.1, 28.2.
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Synthesis of 15 from 14

9 K&
)J\OJ< Glycine ethyl ester.HCI o i J<
0]

Cle_N.__N.
YN DIPEA, Dioxane, reflux, 12h. HN._N N
~
[Nj )
o .

Compound 14 (30 mg, 0.087 mmoles) was dissolved in 2 ml dioxane in a 5 ml round bottom flask.
DIPEA (0.5 ml) and glycine ethyl ester (24 mg, 0.17 mmoles) was added to reaction mixture and
resulting solution was refluxed for 12 hours. Excess solvent was removed under vacuum and
purified by column chromatography using 1:1 hexane: ethyl acetate solution mixture to yield 15
(26 mg, 74%) as white solid.

Figure $30: 'H-NMR, CDCl3; § 5.51 (1H, m), 4.23-4.18 (2H, q), 4.13-4.10 (2H, d), 3.74-3.67 (8H,
m), 3.30 (3H, s), 1.47 (9H, s), 1.29-1.26 (3H, t).

Figure S31: "C-NMR, CDCls; 170.7, 167.2, 166.0, 165.0, 156.2, 81.0, 66.8, 61.1, 43.5, 43.0, 37.5,

28.2,14.2.
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Synthesis of 16 from 15 by direct amidation of ester

0™ e,

o) 0

| MeOH, DIPEA, N_ N _N. JL J<
NJ\OJ< LO TRT,4days k/ e H 0

N'\fN . H . HQNN\O/\ R NIL% i
~
T

In a small flask equipped with stirring bar and purged with argon, 21 mg (0.051 mmoles)

of 14 was dissolved in 2 ml methanol. DIPEA (0.5 ml) was added followed by the addition of
amino butanaldehyde diethyl acetal (17 mg, 0.12 mmoles). Resulting solution was left to stir for 4
days at room temperature. Product formation was determined by the TLC. After completion of the
reaction, excess solvent was removed and crude product was re-dissolved in DCM and washed
with water. After removing excess DCM, crude product was further purified by column
chromatography using 25:1 solvent ratio of DCM:MeOH to retrieve 7 (20 mg, 74%) as white solid.

Compound 16 was used to make macrocycle 10 without further characterization. Rf value of 16

was lower than that of 15 and taken as the evidence of product formation.
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Synthesis of model compound 17

T H jj)\ /k @\l NN i J<
N_ _N._ _N. .
~ hl N" "0 CHgNH, ?uf T N ©
N__N Z
¥ T
HN\/\H/O\/ HNW ~
o)

0]

ZT

Compound 16 (200 mg, 0.52 mmoles) was dissolved in 10 ml methanol in small three neck flask
equipped with stirring bar and purged with argon. Methyl amine (40 mg, 1.3 mmoles) was added
to the reaction flask. Resulting solution was stirred overnight at room temperature for 4 days.
Excess solvent was removed and solution was extracted with 0.5 M acetic acid and crude product
was recovered in DCM. Crude product was further purified by column chromatography using
dichloromethane and methanol (25:1) to recover compound 17 (128 mg, 62%) as white solid.

Figure $32: '"H-NMR, CDCls; & 3.85-3.69 (10H, m), 3.33 (3H, s), 2.55 (2H, m), 1.46 (9H, s).
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Synthesis of model compound 18

@)

O
Aok + H2N\/\Orov l» AN/\)\O/\
~

Acetic anhydride (10 ml) and amino propionaldehyde diethyl acetal (1.1 g, 7.4 mmoles) was mixed
in a small flask equipped with stirring bar. To the reaction solution, 0.5 ml triethyl amine (TEA)
was added and solution was left to stir at room temperature for 12 hours. Reaction progress was
measured by TLC. 5 ml of 10% NaOH was added to the reaction mixture and refluxed for 30
minutes. Reaction mixture was extracted using ethyl acetate and water, product was recovered in
ethyl acetate and purified by column chromatography using 2:1 hexane: ethyl acetate as solvent
system to afford 18 (1.26 g, 89%) as slightly yellow liquid.

Figure S33: "H-NMR, CDCl;; § 6.23 (1H, s), 4.59-4.57 (2H, q), 3.73-3.67 (2H, d), 3.66-3.50 (2H,
m), 3.38-3.35 (2H, t), 2.08 (3H, s), 1.97-1.85 (2H, q), 1.25-1.22 (6H, t).

Figure $34: PC-NMR, CDCls; 170.0, 102.6, 62.0, 35.7, 32.7, 23.3, 20.8, 15.4
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Synthesis of Macrocycle-1*1 from 1:

ZT
Irz

O/\ O N. _N H\/
o i ok gm e
N._N
H\Nf\;i ! HN\)kN .
iy : 5

O

7

Compound 1 (220 mg, 0.35 mmoles) was dissolved in a 3 ml DCM in a small flask
equipped with stirring bar. 3 ml of TFA was added to the reaction mixture and resulting solution
was left to stir at room temperature for 48 hours or until all solvents (DCM & TFA) had evaporated.
Crude product was then washed with 3 ml DCM (x2) and filtered. The precipitates were then
washed with 0.5 ml MeOH (x2). Excess MeOH should be avoided as macrocycle dissolve
sparingly in MeOH at room temperature. Precipitates were dried under vacuum to afford
macrocycle 1*1 (130 mg, 93%) as white solid.
Figure S35: '"H-NMR, DMSO-dg; & 12.62 (1H, s), 8.44-8.42 (1H, t), 8.24-8.22 (1H, 1), 7.63 (1H,
s),4.21-4.20 (H, d), 4.13-4.12 (2H, d), 3.84-3.66 (8H, m).
Figure S38: C NMR DMSO-dg; 168.3, 161.7, 155.0, 154.0, 147.5, 66.2, 44.6, 44.5, 41.0.

Figure $43: MS (ESI/Q-TOF) m/z: [M+H]" Calcd for C2H3:N 404 584.28; Found 585.29.
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Figure S35: "H-NMR of macrocycle 1*1 in DMSO-ds
All the NH proton disappeared quickly when a drop of CD;0D was added to NMR tube. Protons
of Protonated nitrogen of triazine ring and the hydrazine disappeared faster than the protons of

nitrogen of glycine and amide linker.
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Figure S37: "H-NMR of macrocycle 1*1 in CD;0D.
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Figure S38: ?C-NMR of macrocycle 1*1 in DMSO-ds
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Figure S39: COSY-NMR of macrocycle 1*1 in DMSO-ds
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Figure S42: X-ray crystal structure thermal ellipsoid diagram of 1*1 with 50% probability of at
100K temperature.

Table S1: Selected hydrogen bond parameters of 1*1 with important labels mentioned in above
figure

D—H--4 D—H (A) H---4 (A) DA (A) D—H-A4(°)
N5—HS5---04 0.88 1.97 2.7820 (18) 153
O5—H5C:--04' 0.82 (3) 2.07 (3) 2.8560 (19) 161 (3)
O5—H5D---02" 0.92 (3) 1.94 (3) 2.8544 (18) 175 (3)
NI—H1---03 0.85 (2) 2.04 (3) 2.8779 (19) 170 (2)
N6—H6:--05 0.89 (2) 1.96 (2) 2.8240 (20) 165 (2)
N8—HS---03 0.85 (2) 2.20 (2) 3.0227 (19) 161 (1)

Symmetry codes: (i) x, y, z-1; (ii) x+1, y, z.
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Figure S43: Mass spectrum of macrocycle 1*1.
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Figure S44: HPLC chromatogram of 1*1.
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Synthesis of 2*2 from 2:

H
0 o (_UN_N N, 2
H DCM/TFA NI NH
K/N\WN\\('\L )J\OJ< RT, 24-72h. A H‘(\

N N__N O A
H o) N N
Yoo R N T
N N—

In a small flask equipped with stirring bar, compound 2 (350 mg, 0.70 mmoles) was
dissolved in a 3 ml DCM and 3 ml TFA. Resulting solution was left to stir at room temperature
for 48 hours or until all solvents (DCM & TFA) had evaporated. Crude product was then washed
with 3 ml DCM (x2) and filtered. The precipitates were then washed with 0.5 ml MeOH (x2).
Excess MeOH should be avoided as macrocycle dissolve sparingly in MeOH at room temperature.
Precipitates were dried under vacuum to afford 2*2 (201 mg, 93%) as white solid.

Figure S45: '"H-NMR, DMSO-d; & 12.37 (1H, s), 9.04 (1H, s), 8.91 (1H, s), 7.51 (1H, s), 3.89-
3.88 (2H, d), 3.71-3.49 (10H, m), 2.56 (2H, m).
Figure S48: "C-NMR, CD;0D; & 171.8, 161.3, 154.6, 154.0, 147.9, 66.2, 44.7, 43.8, 33.6, 31.6.

Figure S53: MS (ESI/Q-TOF) m/z: [M+H]" Caled for Co4HssN 1604 612.31; Found 613.32.
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Figure S46: "H-NMR of macrocycle 2*2 in DMSO-ds with a drop of CD;0D
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Figure S48: ?C-NMR of macrocycle 2*2 in CD;0D.
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Figure S49: COSY-NMR of macrocycle 2*2 in DMSO-ds
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Figure S51: NOESY-NMR of macrocycle 2*2 in DMSO-ds



Figure S52: X-ray crystal structure thermal ellipsoid diagram of 2*2 with 50% probability of at

100K temperature.

Table S2: Selected hydrogen bond parameters of 2*2 with important labels mentioned in above

figure
D—H---A D—H (A) H-A4 (A) DA (A) D—H-A(°)
N2—H2---04 0.88 1.92 2.783 (6) 167
N5—HS5--06 0.88 1.85 2.728 (6) 175
N7—H7---04 0.88 2.01 2.821(7) 154
N8—HS8:--03 0.88 1.97 2.832 (6) 167
N8—HS:--04 0.88 2.64 3.341 (6) 137
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Figure S53: Mass Spectrum of macrocycle 2*2 in DMSO-ds

660

mAU

2000
1000

DAD1 A, Sig=254,4 Ref=360,100 (VISHAL\VRS_V_19_3_3053019.D)

o
n
o
o

Figure S54: HPLC chromatogram of 2*2.

| SN LB
665

61



Mixing one to one mole ratio of 1 and 2 to make mixture of 1*1, 2%2, and 1*2:

o™ o9 J< o™ o § J< DCM/TFA o H
K/NTN\\KN\NJLO K/N\WN\\KN\HXO RT, 24-72h. K/NTN\\(N\,\F\/\H_%\)\H
N /NO + N\fNO o/\ N /NO NI SN +M-1 & M-2
HNQJ\N/\/O\ N I~ A g HNQLN/ﬁ\N,H N
Ho b H H Lo

Compound 2 (95 mg, 0.19 mmoles) and compound 1 (87 mg, 0.19 mmoles) were dissolved
in a 3 ml DCM and 3 ml TFA in a small flask equipped with stirring bar. Resulting solution was
left to stir at room temperature for 48 hours or until all the solvents (DCM & TFA) had evaporated.
Crude product was then washed with 3 ml DCM (x2) and filtered. The precipitates were then
washed with 0.5 ml MeOH (x2). Excess MeOH should be avoided as macrocycle dissolve
sparingly in MeOH at room temperature. Precipitates were dried under vacuum to afford 121 mg
of mixture of 1*1, 1*2, and 2*2 as white solid.

Figure S55: MS (ESI/Q-TOF) m/z: [M+H]" Calcd for (1*2) Ca3H34N 1404 612.31; expected;

598.29, observed; 599.33.
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Figure S55: Mass Spectrum of macrocycles 1*1, 1*2, and 2*2.
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Figure S56: HPLC chromatogram of mixture of 1*1, 1*2, and 2*2.
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Synthesis of 3*3 from 3:

0 0 0
LN N J\OJ< DCM/TFA ()\1 NO N §

N _N.

YOYON RT, 24-72h. 7S TN NN

N\fN > — N\fN 0 NP

HN H\)\ - HN H Ny
o D e A

O 0 "N _o

Compound 3 (90 mg, 0.19 mmoles) was dissolved in a mixture of 2 ml DCM and 2 ml
TFA in a small flask equipped with stirring bar. Reaction mixture and resulting solution was left
to stir at room temperature for 48 hours or until completely dried out. Crude product was then
washed with 3 ml DCM (x2) and filtered. The precipitates were then washed with 0.5 ml MeOH
(x2). Excess MeOH should be avoided as macrocycle dissolve sparingly in MeOH at room
temperature. Precipitates were dried under vacuum to afford 3*3 (55 mg, 95%) as white solid.
Figure S57: '"H-NMR, DMSO-ds; & 12.62 (1H, s), 11.45 (1H, s), 9.09 (1H, t), 8.35-8.32 (1H, 1),
7.62-7.61 (1H, t), 4.30-4.28 (2H, d), 3.86-3.68 (8H, m), 3.28-3.26 (2H, m), 2.39 (2H, m), 1.73-
1.72 (2H, m).

Figure $59: PC-NMR, CD;0D; & 172.6, 161.3, 155.3, 154.3, 146.6, 66.4, 44.3, 40.0, 37.7, 37.3

Figure $63: M/Z: MS (ESI/Q-TOF) m/z: [M+H]" Caled for Co4H3gN104 612.31; found 613.37.

observed; 613.37.
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Figure S62: X-ray crystal structure thermal ellipsoid diagram of 3*3 with 50% probability of at
100K temperature.

Table S3: Selected hydrogen bond parameters of 3*3 with important labels mentioned in above
figure

D—H--4 D—H (A) H---4 (A) D4 (A) D—H-A4(°)
NI—H1---07 0.88 1.97 2.818 (5) 163
NI14—H14---07 0.88 2.07 2.937 (5) 167
N9—HO9---05 0.88 1.97 2.836 (5) 166
N5—HS5---08 0.88 1.96 2.781 (5) 155
N8—HS---010' 0.88 1.85 2.730 (5) 175
N6—H6---05 0.88 2.10 2.957 (5) 166
NI13—HI13---06 0.88 1.90 2.750 (5) 163
09—H9C---03 0.84 1.88 2.677 (5) 158
O11—HI11---02 0.84 1.88 2.677 (5) 158

Symmetry codes: (i) x+1/2, -y+1/2, z+1/2
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Synthesis of macrocycle 4%4 from 4:

N__O
A L A T
YN © DCM/TFA NS NH
N. _N RT, 24-72h. N. _N PR
SHOPT 5
HN o~ HN z
~ 0 H/\/\7N (0]

Compound 4 (220 mg, 0.39 mmoles) was dissolved in a mixture of 3 ml DCM and 3 ml
TFA in a small flask equipped with stirring bar. Produced solution was left to stir at room
temperature for 48 hours or until all the solvents (DCM & TFA) had evaporated. Crude product
was then washed with 3 ml DCM (x2) and filtered. The precipitates were then washed with 0.5 ml
MeOH (x2). Excess MeOH should be avoided as macrocycle dissolve sparingly in MeOH at room
temperature. Precipitates were dried under vacuum to afford 103 mg (83%) of Macrocycle 4%4 as
white solid.
Figure $65: "H-NMR, DMSO-D; § 12.62 (1H, s), 11.45 (1H, s), 9.09 (1H, t), 8.35-8.32 (1H, 1),
7.62-7.61 (1H, t), 4.30-4.28 (2H, d), 3.86-3.68 (8H, m), 3.28-3.26 (2H, m), 2.39 (2H, m), 1.73-
1.72 (2H, m).
Figure S67: "C-NMR, CD;0D; & 169.2, 161.6, 154.4, 154.1, 150.5, 66.1, 44.5, 42.6, 37.8, 27.7,
24.5

Figure S72: M/Z: MS (ESI/Q-TOF) m/z: [M+H]" Caled for CosH4:N1604 640.31; Found 641.40.
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Figure S66: '"H-NMR of macrocycle 44 in CD;0D
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Figure S67: C-NMR of macrocycle 4*4 in CD;0D
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Figure S68: COSY-NMR of macrocycle 4*4 in DMSO-d;
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Figure S70: NOESY-NMR of macrocycle 4*4 in DMSO-d,



Figure S71: X-ray crystal structure thermal ellipsoid diagram of 4*4 with 50% probability of at
100K temperature.

Table S4: Selected hydrogen bond parameters of 4*4 with important labels mentioned in above
figure

D—H--4 D—H (A) H---4 (A) D4 (A) D—H:--A ()
NI—H1---03 0.88 2.20 2.952 (3) 143
N5—HS5---09' 0.88 1.88 2.735 (3) 164
N7—H7---06 0.88 1.91 2.753 (4) 160
N8—HS---04 0.88 2.09 2.875 (3) 148
N9—HO9---04 0.88 2.09 2.862 (3) 146
N13—HI13---07 0.88 1.86 2.740 (3) 178
N16—H16---03 0.88 2.04 2.840 (3) 151

Symmetry codes: (i) x-1, y, z+1;
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Synthesis of 5*5 from 5:

1§ 1 L S i
N_ _N_ _N.
Y N o R, 24.72h. K/N\WN\ N\M\/NJ\ANH
NY/N - NN " NJ\N
H H
HN N O HN N _~N. N J\
\/\g/ \/\O/ j \/\n/ = H N N/\

w @) o
Compound 5 (20 mg, 0.039 mmoles) was dissolved in a mixture of 1 ml DCM and 1 ml
TFA in a small flask equipped with stirring bar. Reaction mixture and resulting solution was left
to stir at room temperature for 48 hours. Crude product was not washed with DCM or MeOH and
dried as it to yield 5*5 (12 mg, 97%) as white solid. NMR of crude product was taken as it without
further purifications.
Figure S74: '"H-NMR, DMSO-d; & 12.62 (1H, s), 11.45 (1H, s), 9.09 (1H, t), 8.35-8.32 (1H, 1),
7.62-7.61 (1H, t), 4.30-4.28 (2H, d), 3.86-3.68 (8H, m), 3.28-3.26 (2H, m), 2.39 (2H, m), 1.73-
1.72 (2H, m).
Figure S77: PC-NMR, DMSO-ds; 8 171.5, 161.7, 154.7, 154.6, 150.7, 66.2, 44.6, 36.6, 35.9, 34.4,
33.0

Figure S83: M/Z: MS (ESI/Q-TOF) m/z: [M+H]" Calcd for CsH40N1604 640.34; Found 641.37.
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Figure S78: COSY-NMR of macrocycle 5*5 in DMSO-dg
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Figure S81: C-"H-HMQC-NMR of macrocycle 5*5 in DMSO-dj
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Figure S84: Mass spectrum of macrocycle 5*5 in DMSO-d;
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Figure S85: HPLC chromatogram of 5*S5.
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Synthesis of 3*3, 3*5, and 5*S from one to one mole ratio of 3 and 5:

Compound 3 (90 mg, 0.192 mmoles) and compound 5 (98 mg, 0.192 mmoles) were
dissolved in equal mixture of 2 ml of DCM and 2 ml of TFA in a small flask. Solution was left to
stir for 24 hours at room temperature. Mass spectrum of crude product indicate the formation of

3*3, 3*5, and 5*5. In addition, their formation was confirmed by HPLC analysis.

DAD1 A, Sig=254,4 Ref=360,100 (VISHAL\VRS_V_53_1_3053019.D)
mAU

1000

=
0 25 5 7.5 10 12.5 15 17.5 min|

Figure S86: HPLC chromatogram of a mixture of 3*3, 3*5, and 5*S5.
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Synthesis of 6*6 from 6:

o H JOJ\ J< 0™ H H
R I - e e N
N.__N . o —= N__N 0 N)/\N
H \
HNWN\/\)\)O HN\/\”/N\/\/%N\N)QN)\N/\\\/\O
O o) H

Compound 6 (150 mg, 0.29 mmoles) was dissolved in a 3 ml DCM and 3 ml TFA in a
small flask equipped with stirring bar. Resulting solution was left to stir at room temperature for
48 hours or until it was completely dried. Crude product was then washed with 1 ml DCM (x2)
and filtered. The precipitates were then washed with 0.3 ml MeOH (x2). Excess MeOH should be
avoided as macrocycle dissolve sparingly in MeOH at room temperature. Precipitates were air
dried to afford of 6*%6 (85 mg, 86%) as white solid.

Figure S87: '"H-NMR, DMSO-d; & 12.62 (1H, s), 11.45 (1H, s), 9.09 (1H, t), 8.35-8.32 (1H, 1),
7.62-7.61 (1H, t), 4.30-4.28 (2H, d), 3.86-3.68 (8H, m), 3.28-3.26 (2H, m), 2.39 (2H, m), 1.73-
1.72 (2H, m).

Figure S89: "C-NMR, CD;0D; 172.5, 161.7, 154.7, 154.3, 150.6, 66.1, 44.4, 37.7, 36.4, 33.3,
27.6,24.5

Figure S94: M/Z: MS (ESI/Q-TOF) m/z: [M+H]" Calcd for Co3sH4N1604 668.37; Found 669.46.
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Figure S87: 'H-NMR of macrocycle 6*6 in DMSO-dj
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Figure S88: 'H-NMR of macrocycle 6*6 in CD;0D
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Figure S89: *C-NMR of macrocycle 6*6 in CD;0D
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Figure S90: 'H-COSY-NMR of macrocycle 6*6 in DMSO-ds
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Figure S91: 'H-COSY-NMR zoomed of macrocycle 6*6 in DMSO-d;
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Figure S92: 'H-NOESY-NMR of macrocycle 6*6 in DMSO-dj
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Figure S93: X-ray crystal structure thermal ellipsoid diagram of 6*6 with 50% probability of at

100K temperature.

Table S5: Selected hydrogen bond parameters of 6*6 with important labels mentioned in above

figure
D—H---A D—H (A) H:A4 (A) DA (A) D—H--A(°)
N9—H9---02 0.88 2.01 2.789 (3) 147
N1—HI1---03 0.88 2.13 2.877 (3) 143
N5—HS5---09' 0.88 1.95 2.814 (3) 167
N8—HS8--02 0.88 2.03 2.828 (3) 150
N16—H16--03 0.88 1.98 2.771 (3) 149
N15—HI15---07" 0.88 2.16 2.989 (3) 157
N13—H13--06 0.88 1.89 2.764 (3) 170
N7—H7---08" 0.88 1.97 2.842 (3) 172

Symmetry codes: (i) x, y, z+1; (ii) -x+1, -y, -z+1; (iil) -x+2, -y+1, -z+1
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Figure S94: Mass spectrum of macrocycle 6%6 in DMSO-d;
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Figure S95: HPLC chromatogram of 6*6
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Synthesis of macrocycle 10 from 16

H
o) 0 O/\ NMN o
L_NN N J< L_N_N_N
Y N © DCM/TFA YO NH
RT, 24-72h.
NN N\fl}rl\H H\ﬁl)%N
HN\)LN/\/YO\/ HN;\ \'T‘)\N/ N
: o\/ o N/\/vN (0]
H

Compound 16 (20 mg, 0.038 mmoles) was dissolved in a 2 ml DCM and 2 ml TFA in a
small flask equipped with stirring bar. Resulting solution was left to stir at room temperature for
48 hours or until it was completely dried. Crude product was then washed with 1 ml DCM (x2)
and filtered. Precipitates were dried under vacuum to afford macrocycle 10 (11 mg, 87%) as white
solid.

Figure $96: '"H-NMR, DMSO-dq; & 11.53 (1H, s), 9.11-9.08 (1H, t), 8.70-8.67 (1H, t), 7.60-7.59
(1H, t), 4.30-4.29 (2H, d), 3.87-3.86 (4H, m), 3.69-3.67 (4H, m), 3.45 (3H, s), 3.27-3.24 (2H, m),
2.50-2.48 (2H, m), 1.79 (2H, m).

Figure S97: C-NMR, DMSO-ds; 8 169.6, 161.0, 154.7, 154.2, 149.1, 66.2, 44.8, 43.4,37.7, 29.9,

28.4,24.5.

97



A By J

12 11 10 9 8 7 6 5 4 3 2 1 ppn

44.8
44.7

T~u43.4

66.3
66.1

—39.9
3
—29.9

T——28.4
—24.5

T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Figure S97: *C-NMR of macrocycle 10 in DMSO-dj
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Synthesis of model imine 9 from 17 and N-acetyl propionaldehyde acetal (18)

0 e CL H j\
NN N L )< DCM/TFA NYN\\(N\NMN
Y N o \ o RT, 24-72h. NN H
N__N — “H
Y + \n/ \/\( HN@ H
HN\/\H/O\/ @) o W ~
o)
o)

Compound 17 (20 mg, 0.049 mmoles) and 18 (9.3 mg, 0.049 mmoles) were dissolved in 2 ml
DCM and 2 ml TFA. Resulting reaction mixture was left to stir at room temperature for more than
24 hours until the solvents were evaporated. No purification were required and the NMR of the
crude product was taken.

Figure S100: '"H-NMR, DMSO-ds; 8 12.36 (1H, s), 11.55 (1H, s), 8.14-8.13 (1H, 1), 8.07-8.04 (1H,
t), 7.56-7.55 (1H, t), 3.83-3.57 (10H, m), 3.31-3.26 (2H, q), 2.61-2.59 (3H, d), 2.51-2.41 (4H, m),
1.80 (3H, s)

Figure S101: "C-NMR, DMSO-dg; § 171.1, 170.0, 161.6, 154.7, 154.3, 151.8, 66.2, 44.6, 37.0,

36.0,34.4,33.2,25.9,23.0
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Synthesis of mixture of 14-21 macrocycles:

Compounds 1-6 in equal moles (1 (40 mg, 0.09 mmoles), 2 (43.7 mg), 3 (41.2 mg), 4 (45 mg), 5

(45 mg)

, and 6 (46.1 mg))were dissolved in 5 ml DCM and 5 ml TFA. The resulting solution was

left to stir at room temperature for more than 48 hours. No purification was done and HPLC was

run of the crude sample. HPLC chromatogram shows the formation of at least 14 products.

However, identification of the peaks is an undergoing investigation.

Current

Chromatogram(s)

mAU 3

2000

1000
0=

DAD1 A, Sig=254,4 Ref=360,100 (VISHAL\VRS_V_81_3053019.D)

0

———
5 10 15 20 25 mit

Figure S104: HPLC chromatogram of mixture of macrocycles.
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X-ray diffraction analysis
The X-ray diffraction data sets of macrocycles 1*1, 2*2, 3*3, 4*4 and 6*6 were collected on a

Bruker D8 Quest diffractometer equipped with a Photon 100 CMOS detector with Ko radiation (A
=0.71073 A). The suitable crystal of each macrocycle was mounted on the goniometer head using
Paratone-N oil on the tip of MiTeGen MicroLoops LD™, at appropriate distance from the detector.
The exposure time of 15 second was selected in shutter-less mode with a scan angle of 0.75° per
frame while generator operating at 50 kV and 30 mA. The Bragg intensities of data sets consisting
of  and ¢ scans were indexed using APEX3 package' whereas the data reduction and absorption
corrections were carried out with the SAINT and SADABS® packages respectively. The space
group was determined using XPREP' through analysis of the Laue symmetry and systematic
absences. Structures were solved by the intrinsic phasing method using the SHELXT" software.
The solution of each compound with the best figure of merit revealed the coordinates of all non-
hydrogen atoms which were refined using SHELXL’ program embedded in the OLEX2 package®.
The hydrogen atoms were located by the difference Fourier analysis and during the structure
refinement, the atomic displacement parameters of hydrogen atoms were treated isotropically and
non-hydrogen atoms were anisotropically refined using the full-matrix least squares procedure on
F” (using all data). The hydrogen atoms attached to the carbon atoms were allowed to ride on their
carrying atoms, whereas those attached to heteroatoms were refined freely. During the refinement
of disorders, the sum of the occupancies of the two disordered parts were fixed to unity. The
correlation of the thermal parameters was avoided by constraining the atomic displacement

parameters (ADPs) of both parts to be equal during refinement.
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