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1. General Information

Unless stated otherwise, all chemicals and solvents were purchased from commercial sources
and used without further purification. Reactions were carried out using oven dried glassware.
Flash chromatography was carried out on Merck Kieselgel 60 (230-400 mesh) as the stationary
phase under a positive pressure using LR grade solvents; the procedure includes removal of
solvents under reduced pressure. TLC was performed on pre-coated Merck Kieselgel silica gel
plates (60 F,s4, Merck, Germany) monitored by UV light and lodine. Melting points were
measured on a Stuart SMP11 apparatus and are reported uncorrected. Optical rotation was
measured on AA-10 polarimeter (Optical Activity Ltd., UK), and is reported as follows: [a]p" (c:
g/100 mL, solvent). NMR spectra were recorded on Bruker DPX200, AV300, AVIII400, and
Bruker AVIIIS00 instruments. Chemical shifts are reported in parts per million (ppm) from high
to low frequency and referenced to the residual solvent resonance. Coupling constants (J) are
reported in hertz (Hz). 2D-NMR methods include COSY, HSQC and HMBC. High resolution
ESI mass spectrometry was performed with a Water Micromass LCT Premier instrument.

HPLC-MS was performed on a Waters LCQ Fleet instrument.
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2.1 Syntheses of linear compounds 6, 7 and 8.

2.1.1 Compound 6

OH S on A solution of 2-imidazolidenthione, 5 (2 g, 19.6 mmol), 4-tert-
NJJ\N butylphenol, 4 (11.8 g, 78.6 mmol), paraformaldehyde (1.6 g, 58.8

7/
6 mmol) and p-toluenesulfonic acid monohydrate (PTSA, 0.75g, 3.9

mmol) in toluene (250 mL) was stirred at 70°C for 2d. After cooling to
room temperature, all volatiles were removed under reduce pressure and the residue was purified
over a silica gel column (ethyl acetate/hexane, 1:3), affording compound 6 (7.19 g, 86% yield) as
a white solid. M.P. 169-171 °C. "H NMR [400 MHz, CDCl;] 61.24 (s, 9H, (CH3)3C-), 3.52 (s,
4H, NCH,CH;N), 4.71 (s, 4H, ArCH;N), 6.83 (d, J/=8.0 Hz, 2H, ArH), 7.03 (s, 2H, ArH), 7.21
(dd, J=7.2 Hz, 2H, ArH), 7.31 (bs, 2H, 2 x OH). >C NMR [100 MHz, CDCl;] 6 31.6 ((CH3);C-
), 34.0 ((CH3)3C-), 45.7 (N(CH;),N), 48.8 (ArCH;N), 117.2 (CHArOH), 119.7 (CArOH), 127.2
(‘Bu-CCHCHCOH(Ar)), 128.0 (‘Bu-CCHCCOH(Ar)), 142.8 (‘Bu-C(Ar)), 153.2 (C(Ar)-OH),
179.2 (C=S). HR-MS: m/z calcd. for C25sH33N,0,S [M-H] 425.2263; found 425.2271.

2.1.2 Compounds 7 and 8

A solution of 5 (1.0 g, 9.8 mmol), 4 (2.2 g, 14.8 mmol), paraformaldehyde (1.18 g, 39.2 mmol)
and PTSA (0.62 g, 3.3 mmol) in toluene (250 mL) was stirred at 70°C for 4d. After cooling to
room temperature all volatiles were removed under reduced pressure, the residue was dissolved
in dichloromethane (30 mL), washed with sat. aq. sodium bicarbonate and purified over a silica
gel column (ethyl acetate/hexane 1:3), affording compound 6 (1.16 g, 28% yield), compound 7
(0.82 g, 24% yield), and compound 8 (0.79 g, 10% yield) as white solids.

- s on Compound 7: M.P. 150-152 °C. 'H NMR[400 MHz, CDCl;]
/\NAN H §1.24 (s, 9H, (CH3);C-), 1.27 (s, 18H, ), 3.49-3.60 (m, 8H,

—/ NCH,CH,N), 4.73-4.76 (m, 8H, ArCH,N), 6.81 (d, J=8.8 Hz, 2H,
I ‘Bu |2 AN(CHCOH), 7.07 (s, 2H, ArH), 7.21 (d, J=8.8, 2H, ArH), 7.71 (s,
7 2H, 2 x OH), 7.91 (s, 1H, OH). *C NMR [100 MHz, CDCl] ¢

31.5 ((CH3)3C-), 31.6 ((CHz);C-), 33.9 ((CH3)3C-), 45.6 (N(CH,),N), 46.2 (N(CH,),N), 47.5
(ArCH,N), 48.8 (ArCH,N), 116.9, 119.9, 121.8, 127.0, 128.1, 128.6, 142.5 (‘Bu-C(Ar)), 142.8

OH
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(‘Bu-C(Ar)), 151.5 (C(Ar)-OH), 153.3 (C(Ar)-OH), 179.6 (C=S). HR-MS: m/z calcd. for
C40Hs3N403S; [M-H]701.3559; found 701.3589.
m g oy] Compound 8: M.P. 131-133 °C. 'H NMR [400 MHz, CDCl;]
/\N)J\N H §1.46 (s, 18 H, (CH3);C-), 1.49 (s, 27 H), 3.70-3.80 (m, 12,
© — A@ NCH,CH,N), 4.97 (s, 12 H, ArCH,N), 7.04 (d, J = 8.0 Hz, 2 H,
i Bu |3 ArH), 7.40-7.52 (m, 10 H, ArH), 7.94 (s, 1 H, OH), 8.24 (s, 1 H,
OH). *C NMR [100 MHz, CDCl3] § 31.6 ((CH3);C-), 31.7
((CH3)3C-), 34.1 ((CH3)3C-), 45.7 (N(CH,),N), 46.3 (N(CH,),N), 47.4, 47.9 (ArCH,N), 49.1
(ArCH,N), 117.1, 119.9, 121.8, 122.2, 127.2, 128.1, 128.6, 142.6 (‘Bu-C(Ar)), 142.7 (‘Bu-

C(Ar)), 151.7 (C(Ar)-OH), 153.5 (C(Ar)-OH), 179.9 (C=S). HR-MS: m/z caled. for
CssH75sNg04S5 [M-H] 979.5012; found 979.4979.

8

2.2 Synthesis of Multifarene [2,2] (1)

Multifarene-[2,2], 1, was synthesized in three steps starting from 2,6-diformyl-4-tert-butylphenol

9 and 1,2-ethylenediamine.

2.2.1 Synthesis of 10

— tBu 7 ° To a boiling solution of 9 (0.412 g, 2 mmol), NaClO4 (1.0 g, 8
2CIO,4 mmol) and acetic acid (0.25 mL, 4 mmol) in methanol (39 mL) a

® \ o solution of 1,2-ethylenediamine(0.2 mL, 2 mmol) in methanol (20
[ H o H mL) was added drop-wise over a period of 2h. The reaction was
ﬁiH 0® H/’Ctl) refluxed for another 30 min, cooled to room temperature and the
solvent was reduced to half volume under reduced pressure. The

hy solution was allowed to stand for 24h and the precipitate was

— 10 — filtered and washed with methanol and diethyl ether, affording 10

as a yellow orange solid.!" The filtrate was evaporated to dryness
and the remaining residue was suspended in methanol, filtered and washed with hot methanol
affording a second crop of pure product in combined 70-75% yield. 'H NMR [400MHz,
CDs;CN] 0 1.31 (s, 18 H, (CH3)3C-), 4.09 (s, 8 H, NCH,CH;N), 7.99 (s, 4 H, ArH), 8.66 (s. 4 H,
CH=N), 14.51 (bs, 4 H, NH). °C NMR [100MHz, CD3CN] 6 31.2 ((CH3)3C-), 34.7 ((CH3)3C-),
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51.7 (N(CH;),N), 118.2 (ArCCH=N), 138.9 (CHC(Ar)), 143.7 (‘Bu-C(Ar)), 171.0 (ArC-O),
177.6 (Imine CH).

2.2.2 Synthesis of cyclic tetra-aminel3

Bu To a stirred suspension of 10 (1.32g, 2 mmol) in methanol (10 mL) at 0°C was
slowly added sodium borohydride (0.46g, 12 mmol). The yellow suspension
turned to a clear solution as the reaction proceeded. The reaction was stirred

NH OHHN_ for 1h and quenched with water, extracted with dichloromethane (3%x15 mL),

[NH OH HN] washed with water, brine and dried over anhydrous sodium sulfate. The

combined organic layers were concentrated to give crude 13 (90-95% yield),

13 which was subjected to the next step without further purification. '"H NMR

B [400 MHz, CDCls] 6 1.25 (s, 18 H, (CH3)3C-), 2.86 (s, 8 H, NCH,CH:N),

3.84 (s, 8 H, ArCH,N), 7.00 (s, 4 H, ArH).">C NMR [100 MHz, CDCl3] 6 31.7 ((CH3)3C-), 34.0

((CH3)3C-), 48.9 (N(CH;),N), 52.8 (ArCH;,N), 124.2 (CH,C(Ar)), 125.5 (CH(Ar)), 141.4 (‘Bu-

C(Ar)), 154.3 (C(Ar)-OH). HR-MS: m/z caled. for CogH4sN4O, (M+H)" 469.3543; found
469.3561.

2.2.3 Synthesis of Multifarene[2,2] (1)

By To a solution of 13 (1 mmol) in anhydrous THF (10 mL) was added dropwise

a solution of 1,1'-thiocarbonyldiimidazole (2.2mmol) in anhydrous THF (5

mL) and the mixture was stirred at room temperature for 3h. The volatiles

['\P:S O:Si/\lj were removed under reduced pressure and the residue was dissolved in a
minimum amount of dichloromethane and diluted with an excess of diethyl
ether in order to precipitate out the product. The resulting suspension was
Bu stirred for 5 minutes, filtered and washed thoroughly with diethyl ether. The
creamy white solid was dried under vacuum to afford pure MF[2.2], 1, in 65-70% yield. M.P.
245 °C (dec). '"H NMR [400 MHz, CDCl3] 61.25 (s, 18H, (CH3)3C-), 2.66-2.70 (m, 4H,
CH,H,CH,HN), 3.25-3.30(m, 4H, NCH,H,CH,H,N), 3.76 (d, 4H, J = 14.2 Hz, ArtCH,H,N),
6.08 (d, 4H, J = 14.2 Hz, ArCH,H,N), 7.03 (s, 4H, ArH), 7.06 (s, 2H, 2 x OH). >C NMR [100
MHz, CDCls] ¢ 31.7 ((CH3)3C-), 33.9 ((CH3)3C-), 44.1 (N(CH2),N), 49.4 (ArCH;N), 121.4
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(CH,C(Ar1)), 128.5 (CH(AT)), 141.6 (‘Bu-C(Ar)), 152.6 (C(Ar)-OH), 180.9 (C=S). HR-MS: m/z
caled. for C3oHaN405S, (M+H)* 553.2671; found 553.2689.

2.3 Synthesis of Multifarene[3,3], 2.

2.3.1 Procedure A: A mixture of compound 7 (0.303 g, 0.43 mmol), 5 (0.044 g, 0.43 mmol),
paraformaldehyde (0.065 g, 2.16 mmol) and PTSA (0.041 g, 0.22 mmol) in toluene (10 mL) was
heated to 60°C for 48h. The mixture was cooled to room
temperature and the volatiles were removed under reduced
pressure. The crude solid product was dissolved in hot aqueous
<\ /ILS H S )N\/> solution of NaOH (60 mL, 1M), and the suspension was

filtered to remove insoluble impurities. The filtrate was

OH HO neutralized to pH 7 by the addition of aq. HCI, and the
S
B )]\ gy resultant precipitate was filtered, washed with water, methanol
N” °N
_/ 2 and dried under vacuum affording MF[3,3], 2 (62% yield) as

an off-white solid. M.P. 225 °C (dec). '"H NMR [400 MHz, CDCl;] & 1.23 (s, 27H, (CH3);C-),
3.51 (s, 12H, NCH,CH;N), 4.78 (bs, 12H, PhCH,N), 7.31 (s, 6 H,ArH), 7.79 (s, 3H, 3 x
OH). >C NMR [100 MHz, CDCl3] 6 31.5 ((CH3)3C-), 34.0 ((CH3)3C-), 46.6 (N(CH,),N), 47.8
(ArCH;,N), 122.4 (CH,C(Ar)), 129.5 (CH(Ar)), 142.6 (‘Bu-C(Ar)), 151.6 (C(Ar)-OH), 180.9
(C=S). HR-MS: m/z calcd. for C45H¢ NgO3S3 (M+H)Jr 829.3960; found 829.3967.

2.3.2 Procedure B: Similarly to the synthesis of 1, MF[3.3] was also prepared in three steps
starting from 2,6-diformyl-4-tert-butylphenol 9 and 1,2-diaminoethane.

2.3.2.1 Synthesis of 14

To a vigorously stirred solution of 9 (0.62g, 3 mmol) in MeCN

‘BuU
(120 mL) was slowly added a solution of 1,2-diaminoethane
(0.18g, 3 mmol) in methanol (80 mL) at -10°C. The mixture
(l\;-l H H ”HN was kept at that temperature for 5h and filtered, affording
polyimine 11 (85-90% yield) as a yellow solid, which was

OH HO used directly in the next step.
B N\'EN " B Reduction of 11 was performed in the same manner as

described for 10. NaBH4 (1.75g, 18 eq) in methanol (50 mL) at
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0°C, affording hexamine 14 (90-95%), which was subjected to the next reaction without further
purification. '"H NMR [400 MHz, CDCls] 6 1.26 (s, 27H, (CH3);C-), 2.76 (s, 12 H,
NCH,CH,N), 3.82 (S, 12H, CH,N), 6.96 (s, 6H, ArH). >°C NMR [100 MHz, CDCl3] J 31.6
((CH3)3C-), 33.9 ((CH3)3C-), 47.9 (N(CH3)2N), 51.2 (ArCH;,N), 123.9 (CH,C(Ar)), 125.2
(CH(Ar)), 141.1 (‘Bu-C(Ar)), 154.2 (C(Ar)-OH).

2.3.2.2 Synthesis of Multifarene|[3,3], 2.

MF[3,3], 2, was prepared using the same conditions
employed for the synthesis of MF[2,2], 1 (procedure 2.2.3). A
solution of 14 (1.41g, 2 mmol) in THF (30 mL) was reacted
(\/I\L H )N\ with 3.3 eq. of 1,1'-thiocarbonyldiimidazole (1.17g, 6.6
mmol). The resulting crude product was dissolved in ethyl

oH bé acetate and filtered to remove suspended solid impurities. The

t S t solvent was removed under reduced pressure and the residue
- N\)_I\/N 2 - was recrystallized from ethyl acetate/hexane to give 2 in 50%

yield.
2.4. Synthesis of Multifarene[4.4], 3.
By H g, 2-4-1 Procedure A (one-pot synthesis). A solution of 4 (5 g,
gﬂ \Lf ﬂ 0.033 mol), 5 (10.2 g, 0.1 mol), paraformaldehyde (10 g, 0.34
OH H mol) and PTSA (3.17 g, 0.017 mol) in toluene (500 mL) was
heated to 55°C for 6d and then cooled to room temperature. The

e
solvent was removed under reduced pressure, the solid residue
bi s HO was dissolved in hot 1M aqueous solution of NaOH (500 mL),
5 N)J\N I f;tBu and all insoluble impurities were removed by filtration.The
— filtrate was neutralized by HCI to pH 7 and the precipitate was
filtered and washed with water, methanol and dried under vacuum to give MF[4.,4], 3 in 67%
yield in the form of a white solid. M.P. 216-220 °C (dec). '"H NMR [500MHz, CDCl3] 8 1.27 (s,
36H, (CH3);C-), 3.58 (s, 16H, NCH,CH>N), 4.79 (s, 16H, PhCH,N), 7.27 (s, 8H, ArH), 8.26

(bs, 4H, 4 x OH). *C NMR [125 MHz, CD,Cl,] ¢ 31.2 ((CH3)sC-), 33.7 ((CH3);C-), 46.1
(N(CH»),N), 47.5 (ArCH,N), 122.0 (CH,C(Ar)), 127.7 (CH(Ar)), 142.2 (‘Bu-C(Ar)), 151.5
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(C(Ar)-OH), 180.6 (C=S). HR-MS: m/z calcd. for CeoHgoNsO4Ss [M+Na] 1127.5083; found
1127.5076.

2.4.2 Procedure B (2 steps). A suspension of 8 (0.239 g, 0.24 mmol), 5 (0.0253 g, 0.24 mmol)
paraformaldehyde (0.037 g, 1.22 mmol) and PTSA (0.023 g, 0.12 mmol) in toluene (10 mL) was
heated to 60°C for 48h and then cooled to room temperature. The solvent was removed under
reduced pressure, the residue was dissolved in hot 1M aqueous solution of NaOH (100 mL) and
all insoluble impurities were removed by filtration.The filtrate was neutralized to pH 7 by the
addition of HCI, and the precipitate was filtered and washed with water, methanol and dried
under vacuum affording MF[4,4], 3 (180 mg, 72% yield) as a white solid.

2.4.3 Procedure C (3 steps)

2.4.3.1 Synthesis of 15

‘Bu NHHN gu  Compound 9 (0.618 g, 3.0 mmol) was mixed with
pﬁ \Q Mg(OAc),+4H,0 (0.321 g, 1.5 mmol) and Mg(NOs3),-6H,0 (0.384
" o "o AR 1.5mmol) in methanol (300 mL) and heated to reflux for 15 min.

[NH 19 HN] A solution of 1,2-diaminoethane (0.180 g, 3.0mmol) in methanol

OH HO (12 mL) was slowly added over a period of 4h and the mixture was

tBub\NHHN Jéy N refluxed for another 4h. The resultant orange-yellow complex 12

-/ with magnesium(Il) was precipitated and filtered, washed with

methanol and chloroform and dried in air. This product (50% yield) was taken to the next step

without further purification.

A suspension of crude 12 (0.35 g, 0.37 mmol) in methanol (5.0 mL) was cooled to 15°C. Solid
NaBH4 (0.14 g, 10 eq) was added in small portions over a period of 1h, the mixture was stirred
for 1h and the resultant colorless solution was filtered to remove any suspended material. The
filtrate was diluted with water (5.0 mL), acidified to pH 2 with HCI (4 M) and mixed with an aq.
solution (5.0 mL) of the disodium salt of ethylenediaminetetraacetate (Na,H,EDTA, 0.1 g) and
aqueous ammonia. The solution was extracted with chloroform (3%x20 mL), the combined
organic layer was washed with water and dried over Na,SO4 to afford 15 (0.31g, 90%). 'H NMR
[400 MHz, CDCls] 6 1.21 (s, 36H, (CH3);C-), 1.99 (s, 8H, NHCH,CH,;NH), 2.72 (s, 16H,
NHCH,CH,NH), 3.78 (S, 16H, CH,NH), 6.93 (s, 8H, ArH). >*C NMR [100 MHz, CDCls] §
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31.6 ((CH3)3C-), 33.9 ((CH3);C-), 48.1 (N(CH,)2N), 51.4 (ArCH,N), 123.8 (CH,C(Ar)), 125.2
(CH(Ar)), 141.1 (‘Bu-C(Ar)), 154.3 (C(Ar)-OH).

2.4.3.2 Synthesis of Multifarene[4.4], 3.

By following the procedure of 2.2.3 crude 15 was subjected to reaction with 4.4 eq of TCDI to
furnish 3 (0.18g, 50% yield).
2.5. Synthesis of hetero-Multifarene[4, 35, 10], 16.

tBu H gy Compound 8 (0.832g, 0.85mmol), paraformaldehyde (0.128g,
\g 4.25 mmol), PTSA (0.081g, 0.42 mmol) and imidazolidinone

?O(H H\OQ (0.073 g, 0.85 mmol) were mixed in toluene (25 mL). The
N N__ reaction mixture was heated to 60°C for 48h and then cooled

to room temperature.The solvent was removed under reduced
OH HO pressure, the residue was dissolved in hot 1M aqueous
Nj\N solution of NaOH (50 mL), and the obtained suspension was
filtered to remove solid impurities. The filtrate was
neutralized to pH 7 by conc. aq. HCI and the precipitate was filtered, washed with water and
methanol and dried under vacuum, to afford 16 (0.52 g, 56% yield) in the form of an off-white
solid. M.P. 186-188 °C. "H NMR [500 MHz, CDCls,] 6 1.25-1.27 (broad s, 36H, (CH3)3C-),
3.40 (s, 4H, NCH,CH,NCO), 3.55 (s, 12H, NCH,CH,NCS), 4.27 (s, 4H, ArCH,N(C=0)), 4.77
(s, 12H, ArCH,N(C=S)), 7.05 (s, 3H, ArH), 7.14-7.37 (m, 8H, ArH), 8.27 (s, 4H, 4 x OH). *C
NMR [125 MHz, CD;Cl, via HMBC experiment] ¢ 31.6 ((CH3);C-), 34.0 ((CH3)3C-), 43.4
(N(CH;),NO), 46.2 (N(CH,),NS), 47.2 (ArCH,N), 128.5 (CH(Ar)), 142.4 (‘Bu-C(Ar)), 151.9
(C(Ar)-OH), 162.8 (C=0), 180.8 (C=S). HR-MS: m/z calcd. for CgHsiNgOs
[M+H]"1089.5492; found 1089.5448.
2.6. Synthesis of chiral hetero-Multifarene|3,2,1], 18. (R,R)-trans-4,5-
tetramethyleneimidazolidine-2-thione, 17.* (10 mg, 0.064 mmol), compound 7 (45 mg, 0.064
mmol), paraformaldehyde (4 mg, 0.133 mmol) and PTSA (7 mg, 0.037 mmol) were heated in
toluene (5 mL)at70°Cfor 3d. The mixture was cooled to room temperature and the solvent was
removed under reduced pressure. The residue was dissolved in dichloromethane (5 mL) and

washed with saturated aq. sodium bicarbonate (5 mL).The solvent was removed again to give 18

(46.4 mg, 82% vyield). M.P. 216-220 °C. [o]p** = +30.0 (¢: 0.4, chloroform). 'H-NMR [500
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MHz, CDCls]: §1.21-1.31 (m, 4H, ), 1.23 (s, 18H, 2 x (CH3)3C-), 1.26 (s, 9H, (CH;);C-), 1.59

tBu

BN

S

oo

H
HO
Bu
N

18

OH
S
A

(s, 2H), 1.81 (s, 2H), 2.88-2.96 (broad m, 2H), 3.55 (s, 8H,
NCH,CH,N), 4.78 (m, 8H, ArCH,N), 4.88 (m, 2H,
NCHCHN), 7.16-7.28 (m, 6H, ArH), 8.29 (3H, broad s, 3 X
OH).®C-NMR [125MHz, CDCI3] & 21.4 (CH,CH,-
cyclohexyl) , 24.2 (CHCH;-cyclohexyl), 31.4 ((CH3)s;C-),
33.8 ((CH3)3C-), 46.1 (N(CH,),N), 47.5 (ArCH,N), 122.0
(CH,C(Ar)), 125.2, 127.9, 128.2 (CH(Ar)), 129.0, 137.8,
142.0 (cyclohexyl-Bu-C(Ar)), 1423 (‘Bu-C(Ar)), 151.3
(C(Ar)-OH), 151.6 (C(Ar)-OH), 180.2 (cyclohexyl-C=S),

180.4 (C=S). HR-MS: m/z calcd. for C49H¢7N¢O3S; [M+H]+883.4437; found 883.4465.
2.7. Synthesis of Multifarene[2,2¢], 19.

A solution of 1,1'-carbonyldiimidazole (45 mg, 0.28mmol) in dry THF (1

t
Bu mL) was added drop-wise to a solution of 13 (40.0 mg, 0.085mmol) in dry
THF (ImL) under nitrogen and the mixture was stirred at RT for 2.5h. The
H solvent was removed under reduced pressure, and the residue was dried
[ h):o oz%]
H

0 overnight under high vacuum. Chromatography on a preparative silica gel
\©/ plate with ethyl acetate/hexane (1:1) afforded 19 (R/=0.4, 22mg, 49% yield).

19 M.P. 228-234 °C (dec). '"H NMR [500 MHz, CDCl3, at —33°C] § 1.20 (s,

B 18H, (CH3);C-), 2.88 (s, 4H), 3.26 (s, 4H, (N(CH2):N), 3.47 (d, J = 7Hz,

4H, ArCH,HyN), 5.23 (d, J = 7Hz, 4H, ArCH,HyN), 6.94 (s, 4H, ArH), 8.67 (s, 2H, 2 x
OH). *C NMR [125MHz, CDCl3] 6 31.9 ((CH3)3C-), 34.1 ((CH3)3C-), 45.0 (N(CH,),N), 46.1

(ArCH;,N), 122.8 (CH,C(Ar)), 128.5 (CH(Ar)), 140.7 (‘Bu-C(Ar)), 152.8 (C(Ar)-OH), 161.2
(C=0). HR-MS: m/z calcd. for C30H41N4Oy4 [M+H]+521.3128; found 521.3127.
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3. NMR and Mass spectra
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S @ 3 gy o NN 29 R
Current Data Parameters
NAME  Asenthild00
EXP 308
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130623
Time 13.26
INSTRUM _ spect
PROBHD_5 mm PABBO BB-
PULPROG __z9pg30
™
SOLVENT  CDCI3
NS 512
SWH 24038461 Hz
FIDRES  0.366798 Hz
AQ 1.3631488 sec
ow 20,800 usec
DE 6.50 usec
TE 97
DI 2.00000000 sec
11 0.03000000 sec
DELTA  1.89999998 sec
SFO1  100.6907281 MHz
NUC1 13C
P1 10.00 usec
PLW1  -1.00000000 W
SFO2  400.4016016 MHz
CPDPRGE2 _ waltz16
PD2 100.00 usec
PLW2_  -1.00000000 W
PLW12  -1.00000000 W
PLW13  -1.00000000 W
F2 - Processing parameters
sl
S 100.6806506 MHz
WD EM
SSB
i 1.00 Hz
G
pC 140
" A "
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Elemental Composition Report

Single Mass Analysis

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

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

35 formula(e) evaluated with 11 results within limits (up to 4 best isotopic matches for each mass)
Elements Used:

C:22-27 H:3040 N:0-3 0:0-3 S:03

4272318 420.1547 4313389 433.0774

Page 1

Keinan
TOF MS ES-
1.88e+003

433.2013 439.3940441.2363 443.2551 445,1841 447.2099

24-Feb-2008 GP7-3-2
K_1160n 56 (1.049) Cm (55:56-39)
. 4252271
426.2335
o 411.3486 413.3793415.2087 417.3088 420,981 4212880 425.0042
¥ i BT B Mt i T T T i T T T T T T T T T
TTA100 | 4120 | 4140 | A180 4180 4200 4220 4240 4280 4280
Minimum: -1.5
Maximum: 50.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
425.2271  425.2263 0.8 1.9 10.5 36.4 c25 H33 N2
425.2150 12.1 28.5 10.5 46.7 c26 H33 03
425.2514 -24.3  -57.1 9.5 67.3 c27 H37 02
4252206 -2.5 -5.9 5.5 74.9 c22 H37 N2

S12

430.0

T T Yreeey Ty T T T ARG AR BSR LY LRRi Rakad
4320 434,0 438.0 4380 4400 4420 4440 4480 448.0
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Compound 7

N v QUuTr®moT o oo NN~®MT OO K3
- - OCNNON~NNO n < DONTON ~
(R R RS ] 0101000 n NN
~ ~ NNMNNMNNMNNOO < < MMM OHM -
Current Data Parameters
F2 - Acquisition Parameters
BROBHD. 6 mm BABEO 8- OH S
PULF
PRLPROS )L OH S OH
SOLVENT CDCI3 /\?/\ )L
PLIW 14.78502369 W 7
:
S ‘00400z
SSB
LB 0.30 Hz
T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 ppm
o |0 AVAIA o ~ o
o | Ml o =3 - o
S| |+~ NjN| (N © © ~
o~
L-5
o on oo o N
2 g5 28 233558 ooy eror  mao
o D o o BN =0 S N Q0= © @ ©Ww
e g5 99 EEREEE NG 2fey  gen
g 8o 3% SRR AZE NINEE 25¢¢  g55
Current Data Parameters
NAI Asenthil400
EXPNO
PROCNO 1
F2 - Acquisition Parameters
Date_ 130623
Time 14.03
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 29pg30
T 65536
SOLVENT CcDCI3
NS 512
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 7
bDw 20.800 usec
DE 6.50 usec
TE 297.1K
D1 2.00000000 sec
d11 0.03000000 sec
DELTA 1.89999998 sec
1
SFO1 100.6907281 MHz
NUC1 13C
P1 10.00 usec
PLW1 -1.00000000 W
SFO2 400.4016016 MHz
NU(
CPDPRG[2 waltz16
PCPD2 100.00 usec
PLW2 -1.00000000 W
PLW12 -1.00000000 W
PLW13 -1.00000000 W
F2 - Processing parameters
Sl
SF 100.6806580 MHz
wDw EM
SSB
LB 1.00 Hz
GB
PC 1.40
) "y s ) .“x l Ll Lol
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 50.0 mDa / DBE: min = -1.5, max = 50.0
Element prediction: Off X

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

67 formula(e) evaluated with 19 results within limits (up to 4 best isotopic matches for each mass)
Elements Used:

C:35-45 H:50-60 N:1-5 0O:1-5 S:0-3

06-Apr-2009 GP78-h3 Keinan
K_1250n 81 (0.818) Cm (79:105-20:29) TOF MS ES-

8.49e+003
1 701 .?559

702.3620
7033623
1 891.05345927139 695.8635 595771,  gog.7136700.1388 704.3600 705.3467 708.2030 708.8785 74 gog7 T2 7140020 7167820 Tieares %%
T T T T T T T T T T o jree T T T T T T T T T
6920 594.0 5960 5880 700.0 7020 | 7040 | 7080 | 7080 710.0 7120 | 7140 716.0 718.0 7200

Minimum: =1.5
Maximum: 50.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE 1-FIT Formula
701.3589  701.3559 3.0 4.3 16.5 3.9 cap H53 N4 03 s2

7013599 Sl -i.4 20.5 6.9 c45 H53 N2 O s2

701.3447 14.2 202 16.5 18.4 Cdl H53 N2 04 S2

701.3593 “0l4 ~0. 1.5 19.0 C37 H57 N4 03 S3
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Compound 8

Linear-7

©
NKNNNNRKR

——8.24
——7.94
50

47

45

43

05

03
—— 497
378

375

373

372

3
F
\:
__—149
146

Current Data Parameters
NAME  Asenthid00
EE s s
F2. Acausion Parametrs HO HO S HO HO
Date_ 20130626
I I I
E%?Egs 5 mmsppiggo 88- N N N N N N
29
5 g
swH 8223.685 Hz
FIDRES _ (0.125483 Hz
AQ 3.9845889 sec
RG 362 8
ow 60800 usec
DE 6.50 usec
TE
DI 1.00000000 sec
i 1
= CHANNEL 1 =
Pl 1150 usec
PLY 3
PLIW 1478502369 W
SFO1 4004024726 MHz
F2- Processing parameters
S ao03besz57 e
wow EM
ssB
i) 030 Hz
GB
PC 100
T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 20 1.5 1.0 0.5 0.0 ppm
m ﬁ H H 5 j’\r Wm
< |» 3 S S 5 5
= | =1 N N N ©
2 = < <
NAME asenthild0o
EXPNO 32
PROCNO 1
Date 20120823
Time 4.43
INSTRUM spect
PROBHD 5 mm PABRO BB-
PULFROG zgpg30
T 65536
SOLVENT cDCl3
NS 3z
D3 2
SWH 24038, 461 Hz
FIDRES 0.366798 Hz
p-to) 1.3631988 sec
RG 1030
oW 20.800 usec
DE 6,50 usec
TE 235.6 K
D1 2.00000000 sec
D11 0.03000000 sac
TDO 1
CHANNEL f1
NUCl 13¢
Pl 10.00 usec
PL1 -1.00 dB
PL1W 46.16925430 W
SFOL 100.6907281 MHz
= CHANNEL T2 =
CPDPRGZ waltzlé
Ngc2 1H
PCPD2 100.00 usec
PL2 -3.00 dB
PL12 15.79 dB
PL13 15.79 dB
PL2W 14.78502369 W
PL12W 0.19535387 W
PL13W 0.19535387 W
SFO2 400.4016016 MHZ
SI 32768
SF 100.6806600 MHz
uly ; ; I I g WoW EM
SB [
i . LB 1.00 Hz
GB Q
BC 1.40
T T T T T T T T T T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Elemental Composition Report Page 1

Single Mass Analysls

Tolerance = 50.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off P

Number of isotope peaks used for i-FIT =

Monoisotopic Mass, Even Electron lons

212 formula(e) evaluated with 28 results within limits (up to 4 best isotopic matches for each mass)
Elements Used:

C:54-60 H:72-80 N:3-10 0:0-10 S:0-5

16-Jul-2009 GP100-Frk7 Keinan
K_1624p 24 (0.242) TOF MSES+
1.08e+003
1 979.4979
980.4953
%
981.4973
982.5032 985.5050
|
0 T T By T T T T T T T T T T T T 1} T T T T T T T T T T T T T T T miz
879.00 979.50 980.00 960.50 981.00 981.50 982.00 982,50 983.00 983.50 984.00 984.50 985.00 9B5.50 986.00
Minimum: -1.5
Maximum: 50.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
979.4979 979.5077 -9.8 =-10.0 21.5 2.8 €56 H75> N4 07 82
979.5012 -3.3 -3.4 21.5 4.0 €55 H75 N6 04 53
979.4900 7.9 8.1 21.5 4.7 €56 H75 N4 05 sS3
979.51%0 -21.1 -21.5 21.5 4.8 €55 H75 N6 06 52
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Compound 10

CX-4-EDA-imine

©
2 o ~ o @ ©on o
wn © © - @ N O -
< ° i < e Taa
- © ~ w < N~ -
tBu ‘ o ‘ \ \/ ‘
2CI0,
NAME. - Asenini40
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date. 20130219
Time 127
INSTRUM spect ®/ \
PRIEE' 5 mm EiE0 85 ©)
PULPROG 2930 H H
10 85536
SgLVENT CD3CN @
N 16
R ® ®
SwH  ex2sessHz e}
PIDRES 0125483 iz
o NH O° HN
ow 60.800
DE 6.50 usuescEc \ /
T 2057
DI 100000000 sec
o0 T
= CHANNEL f1
H
11.50 usec
30043
1478502369 W
400.4024726 MHz tBu
§I2 - Processing parameters
SF 400.4000276 MHz
wo M
ssB o
5 o 10
c8
2 1.00
T T T T T T T T T T T T T T
15 14 13 12 1" 10 9 8 7 6 4 2 1 ppm
- ) ) S ) <
= @ |3 & 5 =
© © < o~ © ©
CX-4-EDA-imine
- o Y ©
22 o @ o & 8 Ry QonoowY
R = g8 e G < ¥ < ROINS® G
= & e b 85 35 e s
Current Data Parameters
NAMI Asenthil400
EXPI 9
PROCNO
F2 - Acquisition Parameters
Date_ 20130219
ime .58
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
TD
SOLVENT CD3CN
NS 512
DS 4
SWH 24038.461 Hz.
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG
bw 20.800 usec
DE 6.50 usec
TE 96.
D1 2.00000000 sec
d11 0.03000000 sec
DELTA 1.89999998 sec
SFO1 100.6907281 MHz
NUC1 13
P1 10.00 usec
PLW1 -1.00000000 W
SFO2 400.4016016 MHz
UC: 1H
CPDPRG[2 waltz16
PCPD2 100.00 usec
PLW2 -1.00000000 W
PLW12 -1.00000000 W
PLW13 -1.00000000 W
F2 - Processing parameters
SI 32768
SF 100.6805667 MHz
WDw EM
SSB
LB 1.00 Hz
GB
PC 1.40
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 10 ppm
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Compound 13

C-6-amine

Current Data Parameters
NAME — Asenthil400
5

EXF
PROCNO 1

F2 - Acquisition Parameters
Date_ 20130303

coci3
16

DS 2

SWH 8223.685 Hz

FIDRES _ 0.125483 Hz

AQ 3.9845889 sec

RG 57

bw 60.800 usec

DI 6.50 usec

295.8 K

D1 100000000 sec
D 1

HANNEL f1
H
1150 usec

-3
14.78502369 W
400.4024726 MHz
F2 - Processing parameters
3:

SF_ 4004000113 MHz
wow EM

B 0
B 0.30 Hz
PC 1.00

——17.260
——6.996

Bu

H HN

NH OHHN

3.844

2.863

1.254

C-6-amine

Current Data Parameters
NAME Asenthil400
EXPNO 116
PROCNO 1

F2 - Acquisition Parameters

Date_ 20130303

Time

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG 2gpg30

D 65536

SOLVENT coci3

NS 512

DS

SWH 24038.461 Hz

FIDRES  0.366798 Hz

AQ 1.3631488 sec

RG i

DW 20.800 usec

DE 6.50 usec

TE 296.3 K

2.00000000 sec

0.03000000 sec
1:85999996 sec

100.6907281 MHz
13C

D1
d11
DELTA
TDO
SFO1
NUC1
10.00 usec
-1.00000000 W
400.4016016 MHz

P1
PLW1
SFO2
NUC2
CPDPRG[2
PCPD2
PLW2
PLW12
PLW13

waltz16
100.00 usec
-1.00000000 W

-1.00000000 W
~1.00000000 W
F2 - Processing parameters

SF 100.6806510 MHz
wW EM

LB 1.00 Hz
B 0
PC 1.40

—154.28
—141.41
——125.50
T—124.19

6.0

5.5 5.0 4.5 4.0

2.74

77.48

77.16
76.84

e
~

——52.60
——48.91

——34.00
—31.70

0.0

-0.5 ppm

T T T
190 180 170

T T T T
160 150 140 130

T T T
120 110 100 90 80
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Single Mass Analysis

Tolerance =20.0mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons
9 formula(e) evaluated with 2 results within limits (all results (up to 1000) for each mass)

Elements Used:
GC:20-30 H:40-50 N:04 0O-03
25-Feh-2013 1Bu-N4
K_5279p 290 (2.505) Cm (268:292)
10
5%
4651745 455 4047 4659174660530 2671208 4573457 470140 asp 4122 4686544
46450 = 46500 46550 46600 = 46650 46700 = 46750 46800 = 46850  469.00
Minimum: -1.5
Maximum: 20.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
469.3561  469.3543 1.8 3.8 8.5 13.7 c28 H45 N4 o2
469.3430 13.1 27.9 8.5 21,0 c29 m45 N2 03

S19

Keinan
TOF MS ES+
7.5%9e+003
469.2561

470.3626

469 8837 4713659

470.00

4708710

AT1.9187 4723736 4725366
472,00 47250

miz

469.50 47050 A71.00 47150 473.00
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Compound 1

S oo @ © PN ) SR I
]88 2] S8 A58 REe S
N RN © o o oo oo -
Current Data Parameters
NAME  Asenthil400
Frotvo 4
Bu
F2 - Acquisition Parameters
Date_ 20130313
Time 17.45
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
™ 65
SOLVENT CDCI3
NS 16
DS 2
SWH 8223.685 Hz H
RS 3 oRisass sor
sec
K [ s S ]
usec
DE 6.50 usec OH
TE 296.0 K
D1 1.00000000 sec
oo 1
P1 11.50 usec
PL1 -3.00 dB 1
PLIW 1478502369 W
SFO1 400.4024726 MHz t
F2 - Processing parameters u
SI 32768
SF 400.4000112 MHz
wow EM
SSB
LB 0.30 Hz
G o
PC 1.00
T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 20 1.5 1.0 0.5 ppm
- o o~ 0 ~ -
< 8 ] 3 ] &
© < < < P -
&
CX-4-EDA 13C
© ~ ~ s+ o
8 © 5 3 <9 0o o o © o
=3 o - © - NN ¥ < e
@ w < N o ~NIN~© (3 < [l
e 2 I & = NNR ] &S o
Current Data Parameters
NAME  Asenthil400
EXPNO 137
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130313
Time 8.16
INSTRI
PROBHD 5 mm PABBO BB-
PULPROG 9pg
D 6
SOLVENT  CDCI3
N:
D!
SWH 24038461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 575
Dw 20.800 usec
DE 6,50 usec
TE 2965 K
D1 2.00000000 sec
d11_ 0.03000000 sec
DELTA 189999998 sec
TDO 1
SFO1  100.6907281 MHz
NUC1
P1 10.00 usec
PLW1  -1.00000000 W
SFO2 4004016016 MHz
NUC: H
CPDPRGE2 waliz16
PCPD2 100.00 usec
PLW2_  -1,00000000 W
PLW12  -1.00000000 W
PLW13  -1.00000000 W
F2 - Processing parameters
si 32768
SF 100.6806470 MHz
wow EM
SSB 0
LB 1.00 Hz
G o
PC 1.40
I | 1 ] |
Jil | 1 i
T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 30 20 10 ppm
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Elemental Composition Report Page 1
Single Mass Analysis
Telerance = 20.0 mDa / DBE; min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
23 formula(e) evaluated with 5 results within limits (all results (up to 1000) for each mass)
Elements Used:
C:2635 H: 354 N:34 005 8:1-2
18-Mar-2013 c4 Keinan
K_5262p 95 (0.819) Cm (95:98) TOF MS ES+
8.53+003
10 §53.2688
554.2750
§53.0668 5638382 564.0142 554.6144 856.2787
62,9586 2 5534912 553756377 ; 544889 2481 sssarro sssq004 | 6854000
L), o Y B B e R T e CHEUNN T A0 e s TR N PN e R e o e LB B B B S B [ B G, e 1) 24
§62.50 552.75 553.00 §53.25 553.50 553.75 554,00 554,25 554.50 554,75 555.00 56525 555,50 555,75
Minimum: ST
Maximum: 20.0 10.0 50.0
Mass Calc. Mass mDa PFM DBE 15FET Formula
553.2689 553.2671 1.8 3.3 12.5 61.7 C30 H41 N& 02 82
563.2637 5.2 g.4 17.5 52.5 €33 H37 Nt 02 8
553.2849 -16.0 -28.9 12.5 12.6 C3n HA1 N4 O4 S
653.2518 17.1 30.9 8.5 69.7 C26 H41 N& 05 82
553.2882 -19.3 -34.9 7.5 72.6 C27 H&5 N& 04 S2
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Compound 14

CX-6-EDA-amine 1H

o o © o [
© oo I © 0
R3] @ ~ N
N oo © o~ -
Current Data Parameters
NAME  senthil400
EXPNO 161
PROCNO 1
F2 - Acquisition Paramete
Dato. 20130385 Bu
Time 27
INSTRUM ‘spect
PROBHD 5 mm PABBO BB-
PULPROG
SOLVENT ~ cDCi3
NS 16
DS 2
SWH. 8223.685 Hz N N
FIDRES  0.125483 H
Aq 29845869 sec (\ H H H
ow 60.800 usec NH HN'
DE 6.50 usec
TE
DI 1.00000000 sec
OH HO
PLIW  14.78502369 W 4 4
Bu NH HN Bu
F2- Processi ter
2 Processing parameters 14
SF_ 400.4000109 MHz
wow EM
SSB
B 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5 ppm
) 0 ) ©
D N < ]
© - ] =
- - N
- @ own
& =1 -] © o o o=
~ = Wi o L i ] o), ok e B
& = &a ~ o = oo
- - P [y 0o B R
Current Data Parameters
AME  Asenlhild00
EXPNO 159
PROCNO 1
F2 - Acquisition Paramelers
Date_ 20130327
Time 1444
INSTRUM spect
PROBHD 5 mm PABBO BS-
PULPROG 2gpg30
] &
SOLVENT joi=l=]
NS 612
bs 4
SWH 24039461 Hz
FIDRES 0.366798 Hz
AQ 1.2621488 sec
RG 645
DWW 20.800 usec
DE .50 usec
TE .
o1 2.00000000 sec
di1 0.03000000 sec
DELTA 189999998 sec
D
SFa1 100 6907281 MHz
NUEC 13C
P1 10.00 usec
PLW1  -1.00000000 W
SFO2 4004016016 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 0.00 usec
PLW2 -1,00000000 W
PLW12  -1.00000000 V%
PLW13 -1.00000000 W
F2 - Processing parameters
sl 32768
SF 1006606500 MHz
Wow EM
836
LB 100 Hz
GB 0
PC 140
T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10 ppm
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Compound 2

o ~Oo o (2] ™
[ - © o (=] 'l
~ © N ~N 0 N
~ ~~ < < ] -
Current Data Parameters
NAME senthil400
EXPNO 169
PROCNO 1 t
F2 - Acquisition Parameters Bu
Date_ 20130411
Time 14.39
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG g
TD
SOLVENT CDCI3
DS 1(2)8
SWH 8223.685 Hz
FIDRES 0.125483 Hz N H N
AQ 3.9845889 sec
A
DE 6.50 usec N S S N
TE 295.7 K
D1 2.00000000 sec
TDO 1
= CHA'\!‘NEL f1
P1 11.50 usec OH HO
PL1 -3.00 dB
PL1W 14.78502369 W
SFO1 400.4024726 MHz S
F2 - Processing parameters
I ‘Bu JS Bu
:
;\/SDEW o EM N N 2
LB 0.30 Hz
GB 0 \—/
PC 1.00
T T T T T T T T T T T T T T T T T T T T T 1
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5 ppm
o o © ] <
o« =] < - <
o~ © o~ o~ oN
- - ©
CX-6-EDA 13C
(2] w0 < «© <
3 s 3 8 3 con cn  se
3 2 o PN I8 83 82
0 wn < N o~ NN~ © N © <t
e 2 3 & s [NENE v < &
Current Data Parameters
NAME senthil400
EXPNO 170
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130411
Time
INSTRUM spec
PROBHD 5 mm PABBO BB-
PULPROG  2gpg30
D 65536
SOLVENT CDCI3
NS 512
DS
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 718
bW 20.800 usec
DE 6.50 usec
TE 296.4 K
D1 2.00000000 sec
d11 0.03000000 sec
DELTA 1.89999998 sec
TDO
SFO1 100.6907281 MHz
NUC1 13C
P1 10.00 usec
PLW1 -1.00000000 W
SFO2 400.4016016 MHz
NUC2
CPDPRG[2 waltz16
PCPD2 100.00 usec
PLW2 -1.00000000 W
PLW12 -1.00000000 W
PLW13 -1.00000000 W
F2 - Processing parameters
32768
SF 100.6806470 MHz
WDW EM
SSB
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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Elemental Composition Report Page 1

Single Mass Analysis

Telerance = 20.0 mDa / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons
59 formula(e) evaluated with 8 results within limits (all results (up to 1000) for each mass)

Elements Used:
C:40-50 H:56-656 N:&7 Q.05 S:04
15-Apr-2013 Keinan
K_5431p 91 (0.786) Cm (91:94-37.56) TOF MS ES+
9.38e+002
10 829.3960
8304135
831.4138
832.4167 835.4030
8364020, g37 3387 838.7015
819.0176 820.7885 822.8005 827.0008 828.7311 833.4431833.8668 | : i 840.8625
T L A B o e L0 UL e e e il {1 4
818.0 820.0 826 828.0 830.0 832.0 834.0 836.0 833.0 840.0
Minimum: =1.5
Maximum: 20.0 10.0 50.0
Mass Calc. Mass mDa PEM DBE i-FIT Formula
829.3960 829.3967 -0.7 -0.8 18.5 45.0 C45 H6L N6 03 S3
829.3934 2.6 3.1 23.5 45.0 c48 HBE7 N6 03 32
829,4001 -4.1 -1.9 13.5 19.1 ci2 HE65 N6 03 St
829.4111 -15.1 -18.2 23.5 60.0 c48 HBE? N6 05 S5
829.4120 -16.0 -19.3 22.5 31.8 c4s H61 N6 S3
828.3790 17.0 20.5 18.5 14.5 cA5 H61 N6 O S84
829.4145 -18.5 -22.3 18.5 56.8 C45 H61 N6 05 S2
829.4154 -19.4 -23.4 17.5 36.7 CA6 H65 N6 sS4
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Compound 15

CX-8-AMINE

—7.260

Current Data Parameters f
NAME senthil400 Bu
EXPNO 227
PROCNO 1

F2 - Acquisition Parameters
Date_ 20130502

spect
PROBHD_5 mm PABBO BB-

PULPROG 2930
0 65536
SOLVENT CDCI3
NS 16

DS 2 NH HN

SWH 8223.685 Hz

FIDRES  0.125483 Hz

AQ 3.9845889 sec OH HO

RG 45.2

ow 60.800 usec

DE 6.50 usec

TE

D1 1.00000000 sec f NHHN

TDO 1 BU Bu
-/

= CHANNEL f1 =
1H
11.50 usec

PL1 -3
PLIW 14.78502369 W
SFO1 400.4024726 MHz

F2 - Processing parameters
S| 32768

SF_ 400.4000111 MHz
WDW EM

0.30Hz

——6.967

3.823
2.760
1.248

NHHA Bu
% HO' ;
NH HN
15 ]

C

8.0 75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05
o o o ﬁ
3 3 S g
N = b N
o [ < 5
o o oo
Asenthildqo 4 A e 2 a9
Soe ! 2 12 ma & @
= - o e i
5 = a| S o
- — - n oo MM
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 Ppm
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Compound 3

CU 63 solid pure frank 8 in CD2C12

8.24

——7.25

—1.10
——6.95
4.81

—17.32

Helena cy
. - =t
o " 20091029
- i) 3.1
S om PABSD B
]
sssie
emicis
‘

12500

H 25
Ey 3.00008845 ba
EN
enaenn CONBEL 1 o
I
o 1230 e
EN 53
= so0. 1330488 e
i fErH
H s 5061380000 ks
-9 8
= ]
i 0.08 u
a2 ]
\g/ B ]
5 _—_ M l A - = .
:r 5 5 4 W
=| N o B ~
b
T T r T T T T r T v - T T T T
L ¥ § 9.0 8.0 7.8 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3o 2.5 2.0 1.8 1.0 0.5 ppm.
CU 64 solid pure frank 8 in CD2Cl2 HMQC
@ - - m owm e Heleos
] o ] L £ wm ™ B it
i ] ! ; an 78 (- :
=53 - o ~ e - Dace_ 20091030
23 a b & 88 S o Dace o3
32 a 3 4 a3 G2 e s
v i I ‘ \1/ \Il[ || BT
Fikrma w51
B e
Buveer it
i e
" soa00.091 s
Fles G aisas i
ey
N
5 FEitE
H sasb e e
e =
= d
& 008 1
s
] Lob
T T r T T T T T T T T T T T T T r T T
190 180 170 160 150 140 130 120 110 100 90 BO 10 60 50 a0 30 20 10 ppm
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Elemental Composition Report Page 1
Single Mass Analysis
Tolerance =20.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Manoisotopic Mass, Even Electron lons
15 farmula(e) evaluated with 7 results within limits. (all results (up fo 1000) for each mass)
Elements Used: i
C:59-61 H:79-83 N:5-10 0:2-5 Na:0-1 S:3-5
14-Sep-2008 HC-CU-39pure Keinan
K_1740p 33 (0.333) Cm (31:36-(37:40+21:24)) TOF MS ES+
9.98e+003
it 1|27i5€l76
1128.5101
& ‘ 1129.5084
| 1143.4891
t { [ st "“"‘9“:"“675 11865678 1157 s500
11108ste 11235837 11255805 — Tl '1 Yo A1eiaTiE | | | pMeess 11&1_5ns111sa,9ﬂamr;m
i T T T T y T T T T T T T
1120.0 1125.0 1130.0 11350 1140.0 11450 1150.0 1156.0 1160.0 1186.0
Minimum: -1.5
Maximum: 20.0 10.0 50.0
Mass calc. Mass mba BEM DBE i-FIT Formula
1127.5076 1127.5083 -0.7 -0.6 24.5 0.6 c60 H80 WB 04 Na sS4 ¥
1127.5029 4.7 4.2 22.5 16.2 C60 H83 N6 05 85
1127.5141 -6.5 -5.8 22.5 i5.1 €59 H83 NB 04 S5
1127.4971 10.5 9.3 24.5 5.0 c61 HBO N6 05 Na S4
1127.5195 -11.9 -10.6 24.5 8.6 €59 HBO N10 03 Ma Sd
1127.5219 -14.3 -12.7 27.5 10.8 c61 H79 MN10 03 sS4
1127.4906 17.0 15.1 24.5 26.2 Cc60 HBO M8 02 Na S5 4
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Compound 16

POONT = O =
DO T NN
NNNNNNT -
NNNNNNNKN

—8.274
—4.769
—4.275

_—3.553
——3.409

-3.383

_—1.275
TT—1.245

/
X

Current Data Parameters
NAME Galt500-topspin
XPNO 161

E

PROCNO i tBu \ tBu
F2 - Acquisition Parameters

Date, 20130628

Time 16.19

PROBHD 5 mm PABBO BB-

PULPROG 29

T 32768

SOLVENT cbei

g OH HO

DS 0

FIDRES 0.305176 Hz

AQ 1.6384000 sec N N

% uk 16

o [ =3 =< ]
; N N

SFO1  500.1325007 MHz 0
F2 - Processing parameters

st 131072

SF 5001300123 MHz

wow no

L tBU
8 % e /

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 ppm

9 = T & 5 1 3 2 1 0 ppm
ppm 1 ! 1 I f I I 1 1
Ot ———— - IS - S e ——— =  E - S I — o — — b A e J— - —
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
1 i 1 1 i 1 i 1 1
IO mm———— Lo S P | | R, dmmme oo | Lo R N
[ | i [ i i i [ i
1 1 1 1 1 1 1 1 1
i a i i i i i i i
- 1 [ 1 1 1 1 1 1 1
40 -—----- T-~——~~~ i Dt T T-—————-— Tt L e Bt 1~~~
1 - ! 1 [ 1 = 1 1 1 1
| | | o | | | | |
1 1 1 1 1 1 1 1 1
F{u I . [ S —————— - R dmm e I dm e e TR
1 1 1 1 1 1 1 1 1
] 1 ] ] 1 ] 1 ] ]
1 1 1 1 1 1 1 1 1
G0 —————— i___%_ _&__ _____ [ Lo _____ 4 ___ [ L ___ A __ i _ |
1 1 1 1 1 1 1 1 1
1 I 1 1 I 1 I 1 1
1 1 1 1 1 1 1 1 1
- 1 1 1 1 1 1 1 1 1
100 -—--=--~- ToTTmm o il [ rT===-=-== 2 i [l TomTT o T-"mm T 17
] 1 ] ] 1 ] 1 ] ]
1 1 1 1 1 1 1 1 1
] 1 ] ] 1 ] 1 ] ]
17204 ====== e H==-——— - ————— Fo————— 4= - - Fo————- - — - - = 1- - =
1 I 1 1 I 1 I 1 1
1 = 1 [ L 1 1 1 1
1 I 1 1 I 1 I 1 1
A0t - — = — — = i o | L Ao e L____ N | B
140 i [ i i | i | *I i
1 1 1 1 1 1 1 1 1
i -] i [ . i I 1 1
. 1 | 1 1 1 1 1 1 1
Ll -—=====g=-====—1 Tttt T T T T T T TT T T T T TR i e e T [
1 1 1 1 1 1 1 1 1
1 I 1 1 I 1 I 1 1
~ 1 1 1 1 1 1 1 1 1
l1801+-—----- t——-—=== e -—-——== t-————t——————= —-—-—=== t—————= - == ===~ 1—= =
1 1 1 1 1 1 1 1 1
| i | | i | i | |
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
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Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 20.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
35 formula(e) evaluated with 5 results within limits (all results (up to 1000) for each mass)
Elements Used:
C:60-65 H:80-85 N:7-9 0:0-7 S:0-5 Kei
19-Aug-2009 HC-CU-40pure nan
K . : TOF MSES+
_1707p 26 (0.263) Cm (24:29-14) R oo
) 1080.5448
1095.5529
1090.5481
% 1096.5637
1001.5516
10834741 1097.5685
1087 4452 feo2.5649 T 1099.0304
1085.9670 10871134, | 1028,4357 10900807 wezorzz | Josassss  lressodo | | T e
T T Ty T
10850 | 10860 | 10870 ' 10880 10890 | 10800 | 10910 = 10920 = 10830 10840 10850 10360 10870 10880 10990 11000
Minimum: -1.5
Maximum: 20.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
1089.5448 1089.5467 -1.9 -1.7 28.5 49.8 C64 HB1 N8 S4
1089.5492 -4.4 -4.0 24.5 11.4 C60 HE1l N8 05 53
1089.5501 -5.3 -4.9 23.5 65.7 C61 H85 N8 S5
1089.5315 13.3 12.2 24.5 33.5 c60 H8l N8 03 54
1089.5645 -19.7 -18.1 28.5 33.6 c64 H81 N8 02 53
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Compound 18

- O O

= IB 3 cdcl3 o 0 ™o
™ @~ 2] [ea =] W N NN
© o i &~ T
/
f |V v
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\ AN || | 1A AN
) = < [n c @ ] (o]~
- © Nw o« (—‘ o~ \\.l ||
T T T
9 8 7 6 5 4 3 2 1
IBE 3 cdecl3 13C dec
i = 0 - =]
W [l =] - T WO
- e
A [ S S
i\ = o Ry ]
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S30



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2014

Elemental Composition Report

Page 1
Single Mass Analysis
Tolerance =20.0 mDa / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisctopic Mass, Even Electron lons
26 formula(e) evaluated with 2 results within limits (all results (up to 1000) for each mass)
Elements Used:
C: 4850 H:60-68 N:47 O 04 S04
r-2010 183 Keinan
K_2267p 35 (0.302) TOF MS ES+
5.69¢+003
100 883.4465
884.4547
%
885.4526
883.9538 8686.4558
8627616
" 882.6176.882.7602 883.1248 | 884.9445 885.7838 555 044 [ 886.9790  867.4604 -
(R R e S e T i e e S o L B i e R = e Bt e R AR DR AR
881.50 882.00 882.50 883.00 883.50 884.00 884.50 885.00 885.50 886.00 886.50 887.00 887.50 888.00
Minimum: =L.5
Maximum: 20.0 10.0 50.0
Mass Calc. Mass mba PPM DEE T-ETT Formula
BB83.4165 883.4437 2.8 e B e B 0.4 C49 He7 N6 03 53
883.4324 [ 0 16.0 19.5 54.2 €50 H67 N& 04 83
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Compound 19 (NMR spectra recorded at -33°C)

| |
Bu
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[ hP:o oz%j
OH
19
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T T T T T T T T T T
10 a = T & 4 3 2 1
I
1
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4. Single crystal X-ray data
The following CCDC numbers contain the supplementary crystallographic data for this paper.
Compound 1: CCDC 952891
Compound 2: CCDC 952890
Compound 3: CCDC 952889

These data can be obtained free of charge from The Cambridge Crystallographic Data Centre

via www.ccdc.cam.ac.uk/data_request/cif

Crystal data and structure refinement for 1

Empirical formula C30.25 H38.50 C10.50 N4 00.50 O2 S2
Formula weight 580.00

Temperature 293(2) K

Wavelength 0.71073 A

Crystal system, space group Monoclinic, C 2/c

Unit cell dimensions a=27.239(6) Aalpha =90 deg.

b =14.560(3) Abeta = 120.20(3)deg.
c=19.951(4) Agamma = 90 deg.

Volume 6839(2) A3

Z, Calculated density 8, 1.127 Mg/m"3

Absorption coefficient 0.226 mm™-1

F(000) 2468

Crystal size 0.56 x 0.44 x 0.35 mm

Theta range for data collection 1.75 to 25.05 deg.
Limiting indices -32<=h<=32, -16<=k<=17, -23<=1<=23
Reflections collected/unique 11571 /6051 [R(int) = 0.0243]
Completeness to theta 25.0599.7 %

Absorption correction None

Refinement method Full-matrix least-squares on F"2
Data / restraints / parameters 6051 /1 /367

Goodness-of-fit on F/2 1.073

Final R indices [[>2sigma(I)]R1 = 0.0842, wR2 = 0.2504

R indices (all data) R1=0.1092, wR2 = 0.2704
Extinction coefficient 0.0013(6)

Largest diff. peak and hole  0.817 and -0.331 e.A"-3
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Crystal data and structure refinement for 2

Empirical formula C49 H70 N6 O4 S3

Formula weight 903.29

Temperature 2932) K

Wavelength 0.71073 A

Crystal system, space group Hexagonal, P 31

Unit cell dimensions a=12.741(1)Aalpha =90 deg.

b =12.741(1)Abeta = 90 deg.
¢ =27.303(3)Agamma = 120 deg.

Volume 3838.4(6) A3

Z, Calculated density 3,1.172 Mg/m"3

Absorption coefficient 0.192 mm*-1

F(000) 1458

Crystal size 0.73 x 0.58 x 0.46 mm

Theta range for data collection 1.85 to 25.68 deg.

Limiting indices -13<=h<=135, -14<=k<=15, -33<=1<=33
Reflections collected/unique 37973 / 9738 [R(int) = 0.0366]
Completeness to theta 25.68100.0 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.915 and 0.875

Refinement method Full-matrix least-squares on F*2
Data / restraints / parameters 9738 / 6/ 559

Goodness-of-fit on F*2 1.047

Final R indices [[>2sigma(I)]R1 = 0.0673, wR2 = 0.1920

R indices (all data) R1=0.0914, wR2 = 0.2091
Absolute structure parameter -0.12(9)

Largest diff. peak and hole  0.485 and -0.296 e.A"-3
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Table 1. Crystal data and structure refinement for 3

Empirical formula C66 H94 N8 O6 S4

Formula weight 1223.73

Temperature 2932) K

Wavelength 0.71073 A

Crystal system, space groupMonoclinic,Cc

Unit cell dimensions a=21.716(4) Aalpha =90 deg.

b =12.428(2) Abeta = 111.59(3) deg.
c =27.774(6) Agamma = 90 deg.

Volume 6970(2) A3

Z, Calculated density 4,1.166 Mg/m"3

Absorption coefficient 0.189 mm~*-1

F(000) 2632

Crystal size 0.32x0.18 x 0.05 mm

Theta range for data collection1.93 to 25.00 deg.

Limiting indices 0<=h<=25, 0<=k<=14, -32<=I<=30
Reflections collected/unique 20236/ 6007 [R(int) = 0.0980]
Completeness to theta 25.0097.8 %

Absorption correction None

Refinement method Full-matrix least-squares on F*2
Data / restraints / parameters 6007 / 17 /724

Goodness-of-fit on F*2 0.882

Final R indices [[>2sigma(I)]R1 = 0.0912, wR2 = 0.2294

R indices (all data) R1=0.2215, wR2 =0.2876

Absolute structure parameter(0.0(3)
Largest diff. peak and hole  0.881 and -0.299 e.A"-3
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5. Metal Binding Studies — Pd(OAc), complexation with 1

5.1 General information

In all cases the solvent used was chloroform and all samples were prepared immediately before
use. The solution of Pd(OAc), has a pale yellow color, and that of 1 is colorless. Upon addition
of either of these to the other, an immediate color change occurs to orange/brown, presumably of
the complexes formed.

~

Photograph of various solutions in the complexation study. Left — Pd(OAc); only. Right — 1 only

s

(transparent). Middle — various mixtures of both components, leading to color changes
according to the ratios of the two components.

In all series studied by UV-Vis absorption the OD ranges were kept between to 0.1 to 0.9 OD to
comply with Beer Lambert linearity. The wavelength found suitable for tracking the complexes’
formation was 420nm.

5.2 Complex Stoichiometry

A Job’s Plot method’ was undertaken to determine complex stoichiometry. A ratio of 3:2
between Pd and 1 respectively is afforded. Several different series were prepared from fresh
batches and with different sums of component concentrations (for each series this sum was kept
constant) in order to verify this finding. All series examined provide the maxima at this ratio. An
example is brought below for one of these series, in which the total concentrations (sum of both
components) was 4.20E-4 M. The molar fraction, ¥, is marked for 1.
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3
. Job's Plot - Full Spectra
2 ——x=0
—a—x=0.25
1.5 —a—x=0.4
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o == x=0.75
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5.3 Complex Studies by HPLC-MS

In orderto e

lucidate the uncommon stoichiometry found in section 5.2, and to verify the

existence of Pd-1 complexes, HPLC-MS studies were carried out. Solutions from the studies in
section 5.2 were injected into a reverse phase column (Kinetex XB-C18, 2.6u, 100x2.1mm,

S/N569808-

41, Phenomenex) at a flow of 0.2 ml/min with water-acetonitrile (1:9) eluent.
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Detection was by UV absorbance at 254nm, and MS. MS analysis of the resulting peaks
(positive polarity, APCI source - voltage 6.0 kV, current 5.0 uA, capillary voltage 48 V)
provides both complexes of 1:1 stoichiometry (m/z 657, 697 with ACN ligand) and of 1:2
stoichiometry (1:Pd respectively, m/z 881). Further, addition of Pd(OAc); into a solution of 1
that has previously been injected, provides not only the expected decrease in the peak
corresponding to 1, but also a series of several different new peaks, providing evidence that
several different complexes (of differing stoichiometries) form in the solution.

Spectra from complexation solutions:

Cealiburt . \Galit-13101 44 ohs-4-04 10/14/2013 3:08:18 P
Kinelex C18, 1002 1rmm, 2.6u, 60% To 100%ACH /0% To D%water, 420nm |, APC|_pos_neg

RT: 11.17 - 35.60
2571 ML: 2.80E3
100+ miz=

7 25,76 -~

B 2882 =7 BEE.70-E57.70+
B58.70-659.70 F: ITMS
+c APCl corona Full ms
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Tirme (min)

Jobs-4-04 #2135-2170 RT: 25622595 AV 16 5B 220 19.64-24.94 ML 1.07E3
F: ITMS + ¢ APCI corona Full ms [100.00-1000.00]
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Spectra for 1 prior to Pd salt addition:

C:\Xcalibur\...\Galit-131017\frank-4-06 10/17/2013 2:33:46 PM
Kinelex C18, 100*2.1mm, 2.6u, 10%water/90%ACN, 254nm , APCI_pos , 0.2ml/min
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Spectra after Pd(OAc), addition (bottom spectra is for one of the new HPLC peaks, at RT 11.2
min, corresponding to RT 11.07 at the UV-Vis detector):
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5.4 Determination of Average Binding Constant

Three titrations of Pd(OAc); by 1 were performed in chloroform solutions and examined by UV-
Vis absorption (focusing on the 420nm maxima formed). Across a titration series the
concentration of Pd(OAc), was kept constant at 1.50E-4 M and the concentrations of 1 varied
from 0 to 3.00E-4 M, in which range saturation was observed (begins before 1.50E-4 M). All
series were prepared from fresh stock solutions prepared separately for each titration, and
absorption measurements were performed within 5 minutes of sample preparation.
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For each titration the complex concentration was calculated and then derived, with the slope
(derivative) serving for calculation of the binding constant. The slope obtained for the complex
concentration (by increasing concentration of 1) equals 1.49, which not only corresponds well to
the studies in section 5.1, but also enables derivation of this average complex stoichiometry
independently. It was normalized to 1 to provide the binding constant at this ratio (3:2).

The binding constant calculation was based on the first points of titration, and derived from slope
according to:

cr i
(a-c) pf

K =

Where C’ is the slope of the complex concentration, Py is the initial concentration of PdCl, in
the solution, and f is the stoichiometric ratio, set to 1.5.

The concentration of the complex (as a function of 1) was derived from the absorbance
measurements, according to:

Py, A—A0
C= % dn—A0
Ay represents the absorbance from the Pd salt alone and was obtained separately by a calibration series. It
was set to 0.10 for the titration concentration of 1.50E-4 M. “A sy, (absorbance at saturation,
presumably from the complex alone, an approximation based on solutions with a 5-fold excess of 1 over
Pd) was set to 0.70. A is the absorbance measured for the solution at titration.

First Series:

Titiration - first series
0.85
0.75 ——first-1
0.65 —a— first-2
0.55 —— first-3
< 0.45 :

. X Afirst-4
0.35 X first-5
0.25 o first-6
0.15 first-7
005 T T T T 1 first-8

300 350 400 450 500
wavelength (nm)
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C(complex) M
C(1) ™M A at 420 | (calculated)
0 0.1089 1.48E-06
8.47E-06 0.1528 8.80E-06
1.27E-05 0.1723 1.21E-05
1.69E-05 0.1969 1.62E-05
2.12E-05 0.2046 1.74E-05
2.54E-05 0.2125 1.88E-05
4.23E-05 0.3153 3.59E-05
7.62E-05 | 0.5386 7.31E-05
C(complex) first series
8.0E-05
7.0E-05
y = 0.9159x /
6.0E-05 R%=0.9867 /
2 5.0E-05
c
) /
© 4.0E-05
g s
£ 3.0E-05
o
o /
2.0E-05 /“
1.0E-05 -
0.0E+00 9_ . . . . .
0.0E+0 2.0E-5 4.0E-5 6.0E-5 8.0E-5 1.0E-4
Concentration of 1 (M)
Slope: 0.915

Binding constant: 5.86E+06
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Second Series:

Aat C(complex) M
C(1) ™M 420 (calculated)
0 | 0.1040 5.40E-06
1.5E-05 | 0.1823 1.78E-05
3.33E-05 | 0.2494 2.85E-05
4.82E-05 | 0.2971 3.60E-05
6.32E-05 | 0.5031 6.87E-05
7.49E-05 | 0.5588 7.76E-05
C(Complex) second series
9.0E-05
8.0E-05
2
7.08-05 y=09497x &
S 6005 R? = 0.9346
=
S 5.0E-05
o
g 4.0E-05
=
S 3.0E-05 ¢
2
2.0E-05 /
1.0E-05
0.0E+00 / T T T )
0.0E+0 2.0E-5 4.0E-5 6.0E-5 8.0E-5
Concentration of 1 (M)
Slope: 0.949

Binding constant: 1.01E+07
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Third Series:
Aat C(complex) M
C(1) M 420 (calculated)

0| 0.1022 3.67E-07
8.47E-06 | 0.1068 1.13E-06
1.27E-05 | 0.1773 1.29E-05
1.69E-05 | 0.1906 1.51E-05
2.12E-05 | 0.2378 2.30E-05
2.54E-05 | 0.2497 2.50E-05
4.23E-05 | 0.3166 3.61E-05
7.62E-05 | 0.5658 7.76E-05

C(Complex) third series
9.0E-05
8.0E-05 'S
7.0E-05 y =0.9764x
_ R?*=0.9777
S 6.0E-05
5
S 5.0E-05
o
T 4.0E-05
g .
S 3.0E-05 /
2.0E-05 /’
1.0E-05
0.0E+00 04 ; ; ; ; .
0.0E+0 2.0E-5 4.0E-5 6.0E-5 8.0E-5 1.0E-4
Concentration of 1 (M)
Slope: 0.976

Binding constant: 2.21E+07

Binding Constant average + standard deviation = (1.27+0.84)-10’
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6. Metal Binding Studies — HgCl, complexation with 1

6.1 Determination of stoichiometry

A Job’s method® was followed, with the sum of the concentration of the 1 and HgCl, being
constant (6mM) with the ratios changing as shown in the table below. The downfield doublet of
the methylene protons was used as the measured variable (CDCIl; peak set as 7.260 ppm). A

maximum was achieved at a 50:50 stoichiometry (molar fraction, y, =0.5).

1:HgCl, 1(mM) HgCl, (mM) 6 (ppm) AS (ppm) [1]x AS
100:0 6 0 6.09
60:40 3.6 2.4 5.9086 0.1814 0.65304
50:50 3 3 5.83335 0.25665 0.76995
40:60 2.4 3.6 5.8131 0.2769 0.66456
30:70 1.8 4.2 5.7716 0.3184 0.57312

6.2 Determination of binding constant

For each series fresh stock solutions of 1 (20mM) and HgCl, (3mM) in CDCIl; were prepared
and sonicated for 2 min prior to use. In each of the following series the concentration of HgClI,
was held constant at 2.5mM while changing the concentration of 1. The solutions were kept at
22°C overnight and then analyzed using a Bruker Avance (AV) 300 NMR spectrometer. The Ka
value was derived from the Benessi-Hildebrandt treatment® with the downfield doublet of the
methylene protons being used as the measured variable (CDCl; peak set as 7.260 ppm).
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1(mM) & (ppm) 1/[1] A6 (ppm) 1/06
1 only 6.2
1.75 5.95775 0.57142 0.24225 4.127967
2 5.9767 0.5 0.2233 447828
2.25 5.98675 0.444444 0.21325 4.689332
2.5 5.9945 0.4 0.2055 4.86618
2.75 6.0084 0.363636 0.1916 5.219207
3 6.0119 0.333333 0.1881 5.316321
5.5
5 \
\
45
[%e)
<
> \
4
y =-5.0106x + 6.9649
R2=0.9816
3.5
3 T T 1
0.3 0.4 0.5 0.6
1/[1]
Ka =22 41,0002 = 1389M1
5.010 M
Second series:
1(mM) & (ppm) 1/11] A8 (ppm) 1/06
Only 1 6.2
1.75 5.85525 0.571429 0.34475 2.900653
2 5.93685 0.5 0.26315 3.800114
2.25 5.9585 0.444444 0.2415 4.140787
2.5 5.9747 0.4 0.2253 4.438526
2.75 6.0002 0.363636 0.1998 5.005005
3 6.01005 0.333333 0.18995 5.264543
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Ka=2217 41, 000— = 881M1
9. 550
Third Series:
1(mM) 5 (ppm) 1/11] A& (ppm) 1/06
1 only 6.0837
1.75 5.8429 0.571429 0.2408 4.152824
2 5.8563 0.5 0.2274 4.397537
2.25 5.86855 0.444444 0.21515 4.64792
2.5 5.88375 0.4 0.19995 5.00125
2.75 5.88985 0.363636 0.19385 5.158628
5.3
5.1 ’\\
4.9
4.7 3
w 4.5
<
S43 \
y = -4.993x + 6.9479 .
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3.9
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3-5 T T T T 1
0.35 0.4 0.45 0.5 0.55 0.6
1/[1]
Ka =227 4 1, 000— =1,391M1
4- 993

Average binding constant: (1.2+0.3)-10°
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7. Metal binding Studies — Pb(NO3), complexation with 1

Similarly to the studies described in section 5.3, HPLC-MS studies provide evidence of
complexation of 1 to Pb salt (a predominant 1:1 complex stoichiometry):
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