Supplementary Information (SI) for ChemComm.
This journal is © The Royal Society of Chemistry 2026

Supporting Information
Mechanochemical NH,Cl-Mediated Hydrogen-Bonding Network

Reconstruction of HFIP: Enabling Yne-Allylic Substitutions

Qianzhi Yang,* Xuguang Kong,* Xin Liu, Qixing Liu, Linhong Zuo,* and Haifeng Zhou*
*These authors contributed equally to this work.

Research Center of Green Pharmaceutical Technology and Process, Hubei Key Laboratory of
Natural Products Re-search and Development

College of Biological and Pharmaceutical Sciences, China Three Gorges University, Yichang
443002, P.R.China

E-mail: zhouhf@ctgu.edu.cn; zIh2023@ctgu.edu.cn

Table of Contents
L CT= LT L To 0] =Y o1 £ RSS S2
2 Typical procedures for the formation of 1,3-enyne product 2, 3and 4...........cccceeeveivrnnnne S2
3 Typical procedures for the formation of 1,3-enyne product 5b-5l............ccccceviviviiiinenenn, S3
4 Scale-up reaction and synthetic transformations of 5e and 5g..........cccccevvvvivereniiieniesciennnns S4
5 Control experiments and MechanistiC STUTIES ...........c.ocuiiriririreese e S6
6 H, *C NMR and HRMS CharacCterization data ...........coevevevevevereeereeereeeesereeeeseesesesseenes S12
7 X-ray crystallographiC @nalySiS ........c.cooviieriiiie et S33
8 H, °C NMR and HRMS characterization datal...........oeeeeeeeereeeeeeeeereseseseeeeeeeeseeeseseeens S43
eI ] (=] T g0 SR S130

S1


mailto:zhouhf@ctgu.edu.cn
mailto:zlh2023@ctgu.edu.cn

1 General comments

Commercially available reagents were purchased from Energy, Leyan, Bidepharm,
Heowns or TCI, and used without further purification unless otherwise stated. All reactions
were performed using grinding vessels in in Changsha Vertical Planetary Ball Mill YXQM-
0.4L. Both jars and balls were made of stainless steel or ZrO,. Hexafluoroisopropanol and
other alcohols for reactions were purchased from commercial suppliers.

T

MR

'H NMR and **C NMR spectra were measured on Bruker Avance 400 MHz instrument
and chemical shifts (&) were reported in parts per million (ppm). Chemical shifts were
reported in ppm on the & scale relative to CHCI; (8 = 7.26 for '"H NMR, & = 77.16 for ©*C
NMR), CD,Cl, (8 = 5.32 for *H NMR, & = 53.84 for **C NMR). Coupling constants were
reported in Hz with multiplicities denoted as s (singlet), d (doublet), t (triplet), q (quartet), m
(multiplet). Single crystal X-ray diffraction analyses was carried out on SmartLab (9kW).
High-resolution mass spectrometry (HRMS) data were obtained using an Agilent 6210
ESI/TOF mass spectrometer with molecular ions [M]*, [M+H]", [M+Na]*, and [M+K]"
reported in m/z units.

All reactions were monitored by thin layer chromatography (TLC) and visualiZed by UV
irradiation or stained with 10% ethanolic phosphomolybdicacid (PMA) followed by brief
heating with a heating gun. Column chromatography was performed on silica gel (200-300
mesh) using a mixture of petroleum ether/ethyl/ dichlorometh acetate as the eluent.

2 Typical procedures for the formation of 1,3-enyne product 2, 3 and 4

Nu

PhCHO (2.1 eq.) (i) HFIP (3 eq.) iy
'BUOK (1.8 % ' N
// uOK (1.8 eq.) _ Ph Ph  NH,CI (0.20 m/[my.+mp,]) A\ Nu
Ph THF (5 eq.) Il ball-milling o
ball-milling, 5 min . 300 rpm, 30-60 min Ph
1a 2;3;4

Phenylacetylene (1.2 mmol), benzaldehyde (2.4 mmol, 2.1 equiv) and '‘BUOK (2.16
mmol, 1.8 equiv) were placed in a ZrO, milling jar (50 mL) with 17 ZrO, balls (10 mm X2, 8
mm X5, 5 mmX10).Then THF (5 equiv) were added via a syringe. After the vessel was
closed in air, the vessel was placed in the ball mill at 300 rpm. After 5 min, the jar was then

opened. The mixture was extracted with ethyl acetate (5 mL = 3), and dried over anhydrous
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Na,SQO, to get crude product 1a.

Crude product 1la (1.2 equiv), nucleophiles (1 mmol) and NH4CI [0.20 m/(m,+myy)]
were added to a ZrO, milling jar. Then HFIP (3 equiv) were added via a syringe. After the jar
was closed, the jar was placed in Changsha Vertical Planetary Ball Mill YXQM-0.4L grinding
for 0.5-1 h. After grinding, the mixture was dissolved in dichloromethane followed by
filteration, and the crude product was purified by flash chromatography on silica gel
(PE/DCM, v:v = 5:1) to to give the corresponding products.

3 Typical procedures for the formation of 1,3-enyne product 5b-5I
Table S1 The optimization of reaction conditions.

Indole,
H-B donor,
mmator
/ ’BuOK ball-milling " balmiling
5 min Ph 300 rpm, 60 min
W/thout purification -

1a

Entry H-B donor (equiv) Mediator [m/(m1g+Mingore)] Yield® [%]
1 BF;-Et,0 (2) - <5
2 TFA (2) - <5
3 'PrOH (2) - 0
4 TFE (2) -

5 HFIP (2) - 13
6 HFIP (2) NaCl (0.12) 39
7 HFIP (2) NH,CI (0.12) 56
8 HFIP (2) "Bu,NCl (0.12) 40
9 HFIP (2) NaOAc (0.12) 18
10 HFIP (2) NH,O0Ac (0.12) 27
11 HFIP (2) NH,Cl (0.2) 67
12° HFIP (3) NH,CI (0.2) 87
13° HFIP (3) NH,CI (0.2) 68
14 - NH,CI (0.2) 0
15 HFIP (3) NH,4F (0.2) 44
16 HFIP (3) NH,Br (0.2) 40
17 HFIP (3) NH,l (0.2) 77

General reaction conditions: 1a (1.2 mmol), indole (1 mmol, 1 equiv), ball milling under air for 60 min.
Reactions were conducted in ZrO, milling jar (50 mL) at 300 rpm using 17 ZrO, balls: diameter 10 mm
(2) + diameter 8 mm (5) + diameter 5 mm (10). ®Isolated yield after silica gel column chromatography.

bThe reaction was carried out for 30 min. °Stainless-steel balls were used.

Nu

RI—==(1.2eq.) R\
0 "BuLi (1.2 eq.) RS OH o) \ &
. 2eq) o, _NHCI (0.20 mllmytmy)) A\ Nu
RZ N g THF, -78 °C o Z R ball-milling ) o
N,, 6 h 300 rpm, 30-60 min R
1b-1I 5b-51
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A solution of alkynes (18 mmol) in anhydrous THF (70 mL) was added to a flame dried
two-necked round-bottom flask under nitrogen, followed by addition of n-BuLi (11.3 mL, 1.6
M in hexane, 18 mmol) with a syringe at -78 °C. The reaction mixture was stirred at 0 °C for 1
h, and then a solution of alkenyl ketone (15 mmol) in THF (30 mL) was added at -78 °C.
After the reaction mixture was stirred at -78 °C for 5 h, it was quenched with NH,CI (30 mL).
The organics were extracted with EtOAc (3 <60 mL), washed with brine, dried over Na,SO,,
filtered and concentrated under reduced pressure. The crude allylic alcohol was used for the
next step without further purification.

Crude product 1b-1I (1.2 equiv), nucleophiles (1 mmol) and NH,CI [0.20 m/(m,+myy)]
were added to a ZrO, milling jar. Then HFIP (3 equiv) were added via a syringe. After the jar
was closed, the jar was placed in Changsha Vertical Planetary Ball Mill YXQM-0.4L grinding
for 0.5-1 h. After grinding, the mixture was dissolved in dichloromethane followed by
filteration, and the crude product was purified by flash chromatography on silica gel
(PE/DCM, v:v = 5:1) to to give the corresponding products.

4 Scale-up reaction and synthetic transformations of 5e and 5g
Nu-H (1.0 equiv)

HFIP (x equiv Ph Nu
HO_ Ph (x equiv) Z

/\)\ NH,CI (0.20 m/my+mpy) b 4

Ph” X X g * &9

A mixer-mill I | Qz’
1e

TIPS
300 rpm TIPS
without purification rt, 90 min
Ph Ph

Ba ' SEa "
TIPS

TIPS

5e (15 mmol scale) 59 (20 mmol scale)

HFIP (3 equiv: 4.72 mL) HFIP (2 equiv: 4.2 mL)
97% yield: 7.29 g 79% yield: 8.07 g

OR®

100 mL ZrO, jar Planetary Ball Mill After reaction Filtration &
17 ZrO,, balls 300 rpm for 90 min recrystallization
1e + Nu + HFIP + NH,CI

To a 100 mL ZrO, jar, equipped with 17 ZrO, balls (10 mmX2, 8 mm X5, 5 mm X 10),
was added 1e (7.02 g, 18 mmol, 1.2 equiv.), N-methylindole (1.97 g, 15 mmol, 1.0 equiv.),
HFIP (4.72 mL, 45 mmol, 3.0 equiv.), and ammonium chloride (1.5 g). The jar was closed
and mounted on the planetary mill, then milled at 300 rpm for 90 min. Upon completion, the
crude reaction mixture was dissolved in a minimal amount of CH,Cl, and subjected directly

to filtration followed by recrystallization from DCM/PE to give 5e as an off-white solid (7.29
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g, 97%).
TIPS Me m-CPBA (2.1 eq.)
AN PN Na,HPO,4-2H,0 (2.1 eq.)

— DCM, RT, 12 h
Ph

>

¥

5e

5e (75.5 mg, 0.15 mmol) was dissolved in DCM (2 mL) and the resulting solution was
cooled to 0 °C. Then, m-CPBA (65 mg, 0.375 mmol) and Na,HPO, * 2H,0 (66.8 mg, 0.375
mmol) were added in one portion. The reaction was kept at 0 °C for 2 h, at which point it was
guenched with saturated Na,CO; aqueous solution. This biphasic mixture was stirred for 10
min and was then washed with saturated NaHCO; and brine. The organic layer was dried over
anhydrous Na,SO,. After the removal of solvent under vacuum, the crude material was
purified by silica gel column chromatography (hexane/ethyl acetate = 3/1). The product 6 was
obtained as a brown viscous soild (44.2 mg, 55% yield, dr = 6.5:1) on silica gel (petroleum

ether/ethyl acetate, v:v = 20:3).

s
TIPS Me N
\ Ph, N7 Me \
A\ 4 TBAF (3eq.)  Zidovudine, Cul (10 mol%)_ __ O ™~0p
o — THF, rt, 50 min Ny, THF, rt, 24 h © AY N"'O,, Fh
‘N
o I %
5e 7 N=y Ph

To a stirred solution of 5e (100.6 mg, 0.2mmol) in anhydrous THF (2 mL), TBAF (3
equiv) was then added dropwise via syringe. The reaction was stirred for 50 min and then
guenched with a saturated agueous ammonium chloride solution. The mixture was extracted
with ethyl acetate (2 mL > 2). The combined organic layers were washed with brine, dried
over anhydrous Na.SO., and concentrated under reduced pressure. The crude product was
purified by flash column chromatography (petroleum ether/ethyl acetate, v: v = 20:1) on silica
gel to afford the desired desilylation product.

To a 10 mL Schlenk tube, Cul (3 mg, 0.015 mmol) and the desilylation product (62.5 mg,
0.18 mmol) were dissolved in freshly distilled THF (1 mL) at room temperature under argon
atmosphere, then the solution of Zidovudine (42.5 mg, 0.15 mmol) in anhydrous THF (0.5
mL) was added via syringe. After the reaction was completed as monitored by TLC, the
solution was quenched carefully with saturated NH,CI solution and then warmed to room
temperature. The product was extracted with ethyl acetate (5 mL > 3), and dried over
anhydrous Na,SO,. After filtration and evaporation in vacuo, the residue was purified by flash
chromatography on silica gel (petroleum ether/ethyl acetate, v: v = 1:1) to afford the product
7 (74 mg, 81% vyield, >20:1 dr).
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o
\ ™ Phthalimide (2eq.) "> o
OPMB DDQ (1.1 eq.), DCM/H,0 = 18:1  PPh, (2 eq.), DIAD (2 eq.) AN R
rt, 5 min benzene, N, rt —

PH
PH 0
5
g 8

To a round bottom flask (10 mL) was charged with 5g (46.8 mg, 0.2 mmol), DDQ (78
mg. 0.2 mmol) and DCM/H,0O (18:1, 3.8 mL). The reaction mixture was stirred at room
temperature for 5 min. Then the resultant reaction mixture was quenched by saturated Na.SO:s
and it was extracted with DCM (5 mL > 3) and washed with brine. The residue was purified
by flash chromatography on silica gel (petroleum ether/ethyl acetate, v:v = 100:1) to afford
the debenzylation product.

To a solution of debenzylation product (0.2 mmol), triphenylphosphine (105 mg, 2 equiv)
and phthalimide (59 mg, 2 equiv) in anhydrous benzene (5 mL) was added a solution of
diethyl azodicarboxylate (0.34 ml, 2 equiv) in anhydrous benzene (1 mL) over a period of 5
min, the reaction mixture was stirred for an additional 1 hour. Afterward, the resultant
reaction mixture was quenched by water. The reaction mixture was extracted with ethyl
acetate (5 mL x 3), and dried over anhydrous Na,SO,. The solvent was removed via rotary
evaporation, yielding a viscous residue, the residue was purified by flash chromatography on
silica gel (petroleum ether/ethyl acetate, v: v = 20:1) to afford the product 8 (38 mg, 37%
yield).

TIPS TIPS
\\ Ph DDQ (2 eq.), DCM/H,0 = 18:1 \ "
OPMB > A\ o
— RT, 2h ES
Ph PH
5¢g 9

To a round bottom flask (10 mL) was charged with 5g (76.6 mg, 0.15 mmol), DDQ (71.5
mg, 0.315 mmol) and DCM/H,0 (18:1, 3.8 mL). The reaction mixture was stirred at room
temperature for 2 hours. After that, the reaction was was quenched by saturated Na.SOs and it
was extracted with DCM (5 mL > 3) and washed with brine. The residue was purified by
flash chromatography on silica gel (petroleum ether/ethyl acetate, v:v = 100:1) to afford the
ketone product 9 (46.6 mg, 80% yield).

5 Control experiments and mechanistic studies

5.1 Attempted substitution reaction of 3v with indole
Ph Ph

F3C, )
indole (1 eq.) Ph
Ph CF NH
AN O>_ : NH,CI (100 mg) N\ 4
= ball-milling, ol

Ph 300 rpm, 1 h
3v 2a

The hexafluoroisopropoxylation product 3v (1.2 mmol), indole (1 mmol, 1 equiv) and
NH,CI (100 mg) were placed in a ZrO, milling jar (50 mL) using 17 ZrO, balls. After the
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vessel was closed in air, the vessel was placed in the planetary ball mill at 300 rpm. After 60
min, the jar was then opened. After grinding, the mixture was was monitored by TLC and the
desired product 2a was not detected.

5.2 Investigations on the effect of ammonium chloride on reaction efficiency

Ph
HO Ph HFIP (3.0 equiv) N\ ocncr)
PR > 32
X 300 rpm at
Ph Ph
7 (1 mmol) air, 30 min 3v
NH,Cl (100 mo) /0 NH,Ol B
20 min 20 min 120 min
100% conv. 52% conv. 71% conv.
9% yield of 3v 26% yield of 3v. 40% vyield of 3v
NH,
b4 G—Oe
I ’I
0 L+ ?
_|H \\G 0" T TTTI0L
CI ‘+ n VS H : H H
\ o~
°—6 ®
n
more reactive less reactive

1a (1 mmol), NH,CI (100 mg) and HFIP (3 mmol) were added to a 50 mL ZrO, milling
jar containing 17 ZrO, balls in air and the jar was placed in planetary ball mill. After grinding
for 20 min, 1a was completely consumed. After filtration and evaporation in vacuo, the
residue was purified by flash chromatography on silica gel (petroleum ether/ethyl acetate, v:v
=100:1) to afford the product 3v (41 mg, 9% yield). Under otherwise identical conditions but
in the absence of NH,CI, the reactions were carried out for 20 min or 120 min, respectively.
The yields and substrate conversion rates were then determined.
5.3 Investigation of the reactivity towards different ammonium salts and chlorides.

Indole (1.0 equiv)
HFIP (3.0 equiv)
HO Ph

Salt (0.20 m/mya+Mipgose) - JN
PN N ball-milling ~ W e

Ph 300 rpm, 30 min Ph
1a (1.2 equiv) 2a

Ph
H

la (1.2 mmol), indole (1 mmol, 1.0 equiv), HFIP (3 mmol), and salt (0.20 m/my,+Mingore)
were added to a 50 mL ball mill jar. After grinding for 30 minutes, the mixture was dissolved
in dichloromethane followed by filtration and purified by flash chromatography on silica gel
(PE/DCM, v:v = 5:1) to afford the product 2a. Herein, we examined nine different inorganic
salts and NH,CI gives the highest yield of 1,3-enyne product.
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5.4 XRD spectra of NH,CI or reaction between NH,CI and HFIP under ball-milling
conditions.

NH.CI (9.35 mmol, 500 mg) and HFIP (5 mmol, 1.57 mL) were placed in a ZrO, ball-
milling jar (50 mL) loaded with grinding balls (ZrO,). After the reaction was milled at 300
rpm for 10 min, the milled sample was collected for X-ray diffraction (XRD) analysis. Then
another parallel experiment was furnished without HFIP. X-ray diffraction (XRD) further
confirmed structural changes. NH,CI crystals exhibited distinct deviations in their diffraction
patterns before and after milling.

x10°

— milling NH4CI +HFIP
eI A 46.98
* 5.8%105

50

25

0o LI J N R N

Intensity (a.u.)

* 8.2x10° " NH4CI

8.1
46.76 A
541 j\
27
0.0 J A l A h A A
1 1 1 ] ]
20 30 40 50 60 70 80
26(degree)

5.5 Investigations of the changes in the acidity of HFIP caused by the introduction of
NH,CI during ball milling

The pH measurement experiment was conducted using a pH meter. The electrode was first
calibrated with standard buffer solutions (pH values of 4.0, 7.0, and 10.0), followed by rinsing
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with distilled water. Subsequently, ammonium chloride and hexafluoroisopropanol were grind
for different durations (0, 3, 6, 9, and 12 minutes). After each grinding period, 5 mL of DMSO
(or 5 mL of water) was immediately added, and the solution was thoroughly homogenized
before the pH value was measured and recorded. A line graph was then plotted to illustrate the
relationship between the pH values and the grinding time.

—@— measured in DMSO
9+ )
8 58 —@— measured in H>O
8 -
7-_3 7.45
I
Q.
ras
598
6 |
5.58 5.58 -
547 5.38
5 1 1 1 1 1
0 3 6 9 12

milling time (min)

5.6 NMR experiments.
5.6.1 '"H NMR of n-Bu,NCI, HFIP and binary milling or stirring mixture.
'H NMR (400 MHz, CDCl; with TMS)

'H NMR experiments of binary milling mixture were performed according to the
following procedure: At first, HFIP (105 uL, 1 mmol) and "BusNCI (0.126 mmol) were placed
in a ZrO, milling jar (25 mL) using ZrO, balls. After the vessel was closed in air, the vessel
was placed in the planetary ball mill at 300 rpm. After 10 min, the resulting mixture was then
diluted with CDCI; quickly. The samples were analyzed by *H NMR (400 MHz) with respect
to the chemical shift of the hydroxyl proton of HFIP and ammonium moiety.

'"H NMR experiments of binary stirring mixture were performed according to the
following procedure: At first, HFIP (105 uL, 1 mmol) and "BusNCI (0.126 mmol) were placed
in a nuclear magnetic tube. After mixing at room temperature for 10 min, the resulting
mixture was then diluted with CDCI; quickly. The samples were analyzed by *H NMR (400
MHz) with respect to the chemical shift of the hydroxyl proton of HFIP and ammonium
moiety.
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"Buy,NCI + HFIP.
milling, 10 min.

®3.05.

®5.23.

"BuyNCI + HFIP. | @ 5.12.

stir, 10 min. J

. ?-24u

0.87.

"Bu,NCl. l
® 353
HFIP. l

65 60 55 50 45 40 35 30 25 20 1.5 1.0 05 00
(ppm)

The most significant changes found in 'H NMR, for the binary milling mixture
compared to the individual species, are the downfield shift of the OH, from a frequency of
3.53 ppm (sharp signals) to 5.23 ppm (broad signals) (4 = 1.70) and the CH of HFIP, from a
frequency of 4.38 ppm to 4.42 ppm ( 4 = 0.04). Additionally, upfield shift of the NCH,, from
a frequency of 3.24 ppm to 3.05 ppm (4 = 0.19), and downfield shift of the CHs, from a
frequency of 0.87 ppm to 0.99 ppm ( 4 = 0.12) were observed.

These data support a H-bonding reconstruction between the ammonium and HFIP.
Meanwhile, both the OH and the CH of HFIP are deshielded, what might indicate not only the
H-bonding reconstruction between the chloridion and OH, but also some degree of interaction
between the cationic n-BuyN* and the hexafluoroisopropoxide moieties.

5.6.2 NOESY-2D experiment.
Additional support for the H-bonding reconstructions is found upon inspection of the

NOESY-2D spectra of the milling mixture: HFIP (0.5 mmol) + n-BuyNCI (0.126 mmol).
Upon completion of the grinding process (10 minutes), CDCIs can be added to the mixture for
the NOESY-2D experiment.

It was revealed that an apparent spatial correlation between both the H, (NCH,) and Hy,
(CH3) of ammonium with the CH signals of HFIP.
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5.6.3 NMR titration experiments.
'H NMR titration experiments were performed according to the following procedure: At
first, HFIP (126 pL, 1 equiv) and various amount of NH,CI were placed in a ZrO, milling jar
(50 mL) using 17 ZrO, balls. After the vessel was closed in air, the vessel was placed in the

FsC._CFs “ ball-milling :
Y. e >
O\Ho rt, 10 min mixture

(y mmol) (x mmol) (in DCM-d,)
x:y
® 3.661
2.00 A
® 3.572
1.25 A
® 3.625
0.62 A
® 3.709
0.42 |
® 4.013
0.21 A

® 3.444
0.00 A A i

60 58 56 54 52 50 48 46 44 42 40 38 36 34 32 30
3 (ppm)
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planetary ball mill at 300 rpm. After 10 min, the resulting mixture was then diluted with
DCM-d, followed by filtration at the first opportunity. The samples were analyzed by ‘H
NMR (400 MHz) with respect to the chemical shift of the hydroxyl proton of HFIP.

5.7 Proposed mechanism.

Based on the above results, we propose a cascade mechanism involving anion-binding
H-bonding network recon struction and NH,Cl-facilitated allylic cation formation (Scheme 6).
Under mechanical force, NH,CI and HFIP form a cooperative complex, dynamically binding
by chloride anions to generate a more acidic aggregated state of HFIP. Alcohol 1la is
protonated by activated HFIP, forming a highly reactive allyl cation, for which the negative
charge of corresponding counterion appearing partially offset via ammonium ion bonding to
oxygen. Nucleophile then rapidly attacks the allyl cation, subsequent proton abstraction and
aromatization by the conjugate base of HFIP yield the thermodynamically favored enyne
product (Z2)-2a, with HFIP regenerated.

(0]
0 0 NH, " “He _LH @ [ NH
SHo. w7 H O NH,el - ~cr 1a # e H,0
~o” i e Ph - —
&l & - o
H{.--NH ---HT 4
n o 4 =z °
Phi Hooo
e+
HFIP aggregates anion-binding HFIP aggregates HFIP as H* donor
? ? s
+ + o -
Ph NH, - -O Ph NH, -0 M Ph
N 4e Indole N -NH,CI =z
\/_\/Ph _naoe o X ~__Ph . el
g oY Ph
Bh A C Ph Ao H I
highly active allyl carbocation HFIP as H* acceptor Ph  (2)-2a

6 'H, ®C NMR and HRMS characterization data
Ph

\\ Ph J~NH
Ph

(2)-3-(1,3,5-triphenylpent-2-en-4-yn-1-yl)-1H-indole (2a): 356.3 mg, 87% isolated yield,
green viscous solid, >20:1 Z/E, R (PE/DCM =5:1) = 0.3.

'H NMR (400 MHz, CDCl5) § 7.96 (s, 1H), 7.73-7.69 (m, 2H), 7.55-7.48 (m, 3H), 7.43-7.41
(m, 2H), 7.35-7.21 (m, 10H), 7.18-7.15 (m, 1H), 7.05-7.01 (m, 1H), 6.94 (d, J = 2.0 Hz, 1H),
6.91 (d, J = 10.0 Hz, 1H), 5.83 (d, J = 10.0 Hz, 1H).

3C NMR (100 MHz, CDCls) & 143.2, 139.7, 138.1, 136.8, 131.8, 128.7, 128.5, 128.4, 127.9,
127.0, 126.6, 126.5, 123.5, 123.3, 122.32, 122.28, 120.1, 119.7, 118.5, 111.3, 96.0, 86.9,
44.83.

HRMS (ESI): calcd. For [CaHzsN]* (M + H)™: 410.1909, found: 410.1912.
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Ph
Ph

\ /NH

Ph
Br

(2)-5-Bromo-3-(1,3,5-triphenylpent-2-en-4-yn-1-yl)-1H-indole (2b): 429.8 mg, 88 % yield,
brown solid, >20:1 Z/E, R¢ (PE/DCM = 2:1) =0.3.
'"H NMR (400 MHz, CDCl3) & 7.93 (s, 1H), 7.68-7.63 (m, 1H), 7.61 (d, J = 1.6 Hz, 1H), 7.52-
7.49 (m, 2H), 7.36-7.17 (m, 12H), 7.14-7.11 (m, 1H), 6.90 (d, J = 1.6 Hz, 1H), 6.81 (d, J =
10.0 Hz, 1H), 5.73 (d, J = 10.0 Hz, 1H).
3C NMR (100 MHz, CDCl;) & 142.8, 139.0, 137.9, 135.3, 131.8, 128.8, 128.7, 128.61,
128.55, 128.2, 128.0, 126.8, 126.5, 125.2, 123.53, 123.50, 123.2, 122.5, 118.2, 112.9, 112.7,
96.3, 86.7, 44.4.
HRMS (ESI): calcd. For [C3;H24BrN]* (M + H)™: 488.1014, found: 488.1015.

Ph

\\ Ph Vi NH

—

Ph
MeO
(2)-5-Methoxy-3-(1,3,5-triphenylpent-2-en-4-yn-1-yl)-1H-indole (2c):27 246.2 mg, 56%
yield, green solid, > 20:1 Z/E, R¢(PE/DCM = 2:1) = 0.3.
'H NMR (400 MHz, CDCls) § 7.95 (s, 2H), 7.75-7.73 (m, 2H), 7.60-7.57 (m, 3H), 7.50-7.48
(m, 2H), 7.41-7.35 (m, 6H), 7.34-7.29 (m, 2H), 7.29-7.26 (m, 1H), 7.05 (d, J = 2.4 Hz, 1H),
6.95-6.85 (m, 2H), 5.85 (d, J = 10.2 Hz, 1H), 3.71 (s, 3H).
3C NMR (100 MHz, CDCl3) & 154.0, 143.0, 139.7, 138.1, 131.8, 131.7, 128.7, 128.54,
128.52, 128.4, 127.9, 127.5, 126.7, 126.5, 123.5, 123.2, 123.1, 118.3, 112.6, 111.9, 101.7,
96.0, 87.0, 55.8, 44.8.
HRMS (ESI): calcd. For [C3,HNO]™ (M + H)": 440.2016, found: 440.2011.
Ph
\\ Ph JNH

Me
Ph

(2)-7-Methyl-3-(1,3,5-triphenylpent-2-en-4-yn-1-yl)-1H-indole (2d): 321.9 mg, 76% yield,
green solid, > 20:1 Z/E, R¢(PE/DCM = 2:1) = 0.3.

'"H NMR (400 MHz, CDCls) § 7.96 (s, 1H), 7.73-7.71 (m, 2H), 7.58-7.53 (m, 2H), 7.45-7.44
(m, 2H), 7.40-7.23 (m, 10H), 7.01-6.92 (m, 4H), 5.86 (d, J = 10.0 Hz, 1H), 2.50 (s, 3H).
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3C NMR (100 MHz, CDClg) & 143.3, 139.7, 138.1, 136.3, 131.8, 131.6, 128.6, 128.50,
128.49, 128.4, 127.9, 126.6, 126.5, 123.5, 123.2, 122.8, 122.0, 120.4, 119.9, 118.9, 117.9,
95.9, 86.9, 44.9, 16.8.
HRMS (ESIY): calcd. For [CsHo7N] (M + H)™: 424.2067, found: 424.2063.

Ph

\\ Ph / NH

Ph

o}
o/

(2)-7-(1,3,5-Triphenylpent-2-en-4-yn-1-yl)-5H-[1,3]dioxolo[4,5-f]lindole (2¢e): 181.4 mg, 40%
yield, brown liquid, > 20:1 Z/E, R;(PE/DCM =5:2) = 0.5.

'H NMR (400 MHz, CDCls) § 7.84 (s, 1H), 7.77-7.72 (m, 2H), § 7.59-7.56 (m, 2H), 7.46-
7.29 (m, 11H), 6.95 (s, 1H), 6.86 (d, J = 10.0 Hz, 1H), 6.76 (s, 1H), 6.24 (s, 1H), 5.90 (s, 2H),
5.72 (d, J = 10.0 Hz, 1H).

3C NMR (100 MHz, CDCl;) & 144.5, 142.9, 141.3, 138.6, 137.6, 136.9, 131.8, 131.0, 129.1,
128.8, 128.61, 128.59, 128.5, 128.3, 127.4, 126.5, 124.5, 123.1, 122.3, 101.3, 100.5, 99.1,
96.2, 92.0, 86.4, 47.0.

HRMS (ESI"): calcd. For [Ca,H:sNO,]" (M + H)': 454.1809, found: 454.1804.

Ph
Me

p—

Ph

(2)-1-Methyl-3-(1,3,5-triphenylpent-2-en-4-yn-1-yl)-1H-indole (2f): 402.4 mg, 95% yield,
white solid, > 20:1 Z/E, R;(PE/DCM = 2:1) = 0.3.
'H NMR (400 MHz, CDCly) & 7.77-7.75 (m, 2H), 7.62-7.54 (m, 3H), 7.50-7.48 (m, 2H),
7.42-7.24 (m, 11H), 7.10-7.06 (m, 1H), 6.96 (d, J = 10.0 Hz, 1H), 6.86 (s, 1H), 5.89 (d, J =
10.0 Hz, 1H), 3.78 (s, 3H).
3C NMR (100 MHz, CDCls) & 143.4, 139.8, 138.0, 137.5, 131.7, 128.7, 128.5, 128.3, 127.9,
127.3, 127.0, 126.6, 126.4, 123.5, 123.0, 121.8, 120.1, 119.1, 116.8, 109.4, 95.9, 86.9, 44.8,
32.8.
HRMS (ESI): calcd. For [C,HysNNa]™ (M + Na)*: 466.1885, found: 446.1879.
Ph
// PH

Ph

_Bn
/N

(2)-1-Benzyl-3-(1,3,5-triphenylpent-2-en-4-yn-1-yl)-1H-indole (2g): 399.7 mg, 80% yield,
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white solid, > 20:1 Z/E, R{(PE/DCM = 2:1) = 0.3.

'H NMR (400 MHz, CDCly) § 7.71-7.69 (m, 2H), 7.53-7.51 (m, 3H), 7.45-7.43 (m, 2H),
7.34-7.29 (m, 7H), 7.27-7.20 (m, 6H), 7.17-7.10 (m, 1H), 7.10-7.04 (m, 2H), 7.03-7.00 (m,
1H), 6.94-6.88 (m, 2H), 5.86 (d, J = 10.0 Hz, 1H), 5.24 (s, 2H).

BC NMR (100 MHz, CDCl,) 8 143.3, 139.7, 138.0, 137.7, 137.2, 131.8, 128.8, 128.7, 128.5,
128.3, 127.9, 127.7, 127.6, 126.7, 126.60, 126.58, 126.4, 123.4, 123.1, 122.0, 120.3, 119.4,
117.4,109.9, 50.1, 44.8.

HRMS (ESIY): calcd. For [CsgHaoNNa]™ (M + Na)*: 522.2198, found: 522.2201.

Ph

\\ Ph /N

Cbz

4

Ph
MeO

Benzyl  (Z)-5-methoxy-3-(1,3,5-triphenylpent-2-en-4-yn-1-yl)-1H-indole-1-carboxylate
(2h): 177.8 mg, 31% vyield, yellow solid, > 20:1 Z/E, R; (PE/DCM=5:2) = 0.4.

'H NMR (400 MHZ, CDCls) & 8.04 (s, 1H), 7.71-7.69 (m, 2H), 7.55-7.52 (m, 2H), 7.48-7.46
(m, 2H), 7.43-7.25 (m, 15H), 6.93-6.89 (m. 2H), 6.81 (d, J = 10.0 Hz, 1H), 5.72 (d, J = 10.0
Hz, 1H), 5.43 (s, 2H), 3.67 (s, 3H).

3C NMR (100 MHz, CDCl;) & 156.0, 141.7, 137.9, 137.8, 135.4, 131.8, 128.90, 128.86,
128.8, 128.7, 128.60, 128.58, 128.3, 128.2, 127.0, 126.5, 124.2, 123.6, 123.2, 116.2, 113.4,
103.1, 96.5, 86.6, 68.7, 55.6, 44.5.

HRMS (ESI): calcd. For [C4H3z:NOsNa]™ (M + Na)*: 596.2202, found: 596.2206.

Ph Bn

N\ NN
Ph F

(2)-1-Benzyl-4-fluoro-3-(1,3,5-triphenylpent-2-en-4-yn-1-yl)-1H-indole (2i): 429.6 mg, 83%
yield, white solid, > 20:1 Z/E, R¢(PE/DCM = 5:2) = 0.65.

'H NMR (400 MHZ, CDCls) § 7.73-7.66 (m, 2H), 7.51-7.48 (m, 2H), 7.38-7.37 (m, 2H), 7.35
-7.15 (m, 12H), 7.09-7.03 (m, 2H), 7.03-6.94 (m, 4H), 6.72-6.65 (m, 1H), 6.03 (d, J = 10.0 Hz,
1H), 5.22 (s, 2H).

3C NMR (100 MHz, CDCl3) § 157.1 (d, J = 246.7 Hz), 144.3, 139.9, 139.83 (d, J = 1.6 Hz),
139.80, 138.1, 137.2, 131.8, 128.9, 128.5, 128.4, 127.92, 127.88, 127.8, 126.7, 126.6, 126.42,
126.35, 123.1 (d, J = 86.1 Hz), 123.3, 122.6, 116.2 (d, J = 20.1 Hz), 115.8 (d, J = 3.7 Hz),
106.0 (d, J = 3.6 Hz), 104.9 (d, J = 19.8 Hz), 96.0, 86.9, 50.4, 44.8.
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HRMS (ESI"): calcd. For [CagHsFNK]™ (M + K)*: 556.1843, found: 556.1838.

Ph MeO,C

\\ Ph Vi NH
Ph

Methyl (2)-3-(1,3,5-triphenylpent-2-en-4-yn-1-yl)-1H-indole-2-carboxylate (2j): 307.7 mg,
68% yield, brown solid, > 20:1 Z/E, R (PE/DCM =5:2) = 0.4.

'"H NMR (400 MHz, CDCl3) § 9.15 (s, 1H), 7.81-7.79 (m, 2H), 7.69 (d, J = 8.2 Hz, 1H), 7.61-
7.59 (m, 2H), 7.48-7.42 (m, 3H), 7.42-7.27 (m, 11H), 7.14-7.10 (m, 1H), 6.86 (d, J = 9.8 Hz,
1H), 3.83 (s, 3H).

3C NMR (100 MHz, CDCIl;) & 162.8, 143.0, 138.4, 138.1, 136.5, 131.8, 128.5, 128.44,
128.41, 128.0, 127.8, 127.0, 126.5, 126.3, 125.6, 124.9, 124.2, 123.8, 123.5, 122.7, 120.5,
112.2,95.8, 86.9, 43.2.

HRMS (ESI"): calcd. For [C53HsNO,Na]™ (M + Na)*:490.1783, found: 490.1784.
Ph

N\ =

Ph
(2)-2-(1,3,5-Triphenylpent-2-en-4-yn-1-yI)-1H-pyrrole (2k): 133.0 mg, 37% yield, brown
solid, > 20:1 Z/E, R¢(PE/DCM = 5:2) = 0.5.

'H NMR (400 MHz, CDCl5) 5 8.02 (s, 1H), 7.78-7.76 (m, 2H), 7.63-7.60 (m, 2H), 7.47-7.40
(m, 9H), 7.38-7.31 (m, 2H), 6.87 (d, J = 10.0 Hz, 1H), 6.78-6.77 (m, 1H), 6.25 (g, J = 3.0 Hz,
1H), 6.10-6.06 (s, 1H), 5.67 (d, J = 9.6 Hz, 1H).

3C NMR (100 MHz, CDCls) & 141.8, 137.8, 137.7, 133.0, 131.8, 128.9, 128.7, 128.6, 128.5,
128.1, 127.2, 126.4, 123.9, 123.2, 117.5, 108.5, 106.5, 95.9, 86.5, 46.5.

HRMS (ESI"): calcd. For [C,;H»NNa]* (M + Na)™: 360.1756, found: 360. 1756.

Bis((2)-1,3,5-triphenylpent-2-en-4-yn-1-yl)-1H-pyrrole (2I): 241.2 mg, 37% yield, blue
solid, > 20:1 Z/E, R¢(PE/DCM =5:2) = 0.6.

'"H NMR (400 MHz, CDCls) § 7.98 (s, 1H), 7.71-7.69 (m, 4H), 7.53-7.51 (m, 4H), 7.45-7.43
(m, 4H), 7.38-7.28 (m, 18H), 6.82 (d, J = 10.0 Hz, 2H), 5.98-5.96 (m, 2H), 5.61 (d, J = 10.0
Hz, 2H).

3C NMR (100 MHz, CDCls) & 141.8, 138.0, 137.8, 132.8, 131.8, 128.8, 128.6, 128.5, 128.4,
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128.1, 127.1, 126.5, 123.7, 123.1, 106.6, 95.9, 86.6, 46.6.

HRMS (ESIY): calcd. For [CsoHagN]* (M + H)™: 652.3004, found: 652.3004.
Ph Me\
\ Ph N CO,Me
)\

Ph
Methyl (Z)-2-(1-methyl-5-(1,3,5-triphenylpent-2-en-4-yn-1-yl)-1H-pyrrol-2-yl) acetate
(2m): 320.8 mg, 72% vyield, yellow solid, > 20:1 Z/E, R (PE/EA = 9:1) = 0.5.
'H NMR (400 MHz, CDCls) § 7.69-7.67 (m, 2H), 7.55-7.53 (m, 2H), 7.37-7.27 (m, 10H),
7.23-7.19 (m, 1H), 6.76 (d, J = 10.0 Hz, 1H), 6.04-5.96 (m, 2H), 5.59 (d, J = 10.0 Hz, 1H),
3.67 (s, 3H), 3.62 (s, 2H), 3.39 (s, 3H).
C NMR (100 MHz, CDCly) & 171.2, 142.3, 137.8, 133.9, 131.7, 128.8, 128.61, 128.57,
128.5, 128.1, 128.0, 126.8, 126.4, 125.2, 123.3, 123.1, 107.6, 106.4, 96.1, 86.7, 52.3, 45.6,
33.0, 31.1.

HRMS (ESI"): calcd. For [C3;HsNO,]" (M + H)': 446.2120, found: 446.2123.
Ph

Ph @] OH
AN |
D

Ph
(2)-(5-(1,3,5-Triphenylpent-2-en-4-yn-1-yl)furan-2-yl) methanol (2n): 277.3 mg, 71%
yield, brown solid, > 20:1 Z/E, R¢(PE/EA = 17:3) = 0.3.

'H NMR (400 MHz, CDCls) § 7.78-7.76 (m, 2H), 7.63-7.61 (m, 2H), 7.44-7.30 (m, 11H),
6.87 (d, J = 9.6 Hz, 1H), 6.30 (d, J = 3.2 Hz, 1H), 6.20 (d, J = 3.0 Hz, 1H), 5.70 (d, J = 10.0
Hz, 1H), 4.56 (s, 2H), 2.21 (s, 1H).

3C NMR (100 MHz, CDCls) & 155.6, 153.6, 141.3, 137.6, 135.9, 131.7, 128.8, 128.7, 128.5,
128.2, 128.0, 127.0, 126.4, 124.6, 123.1, 108.7, 107.5, 96.3, 86.3, 57.5, 46.9.

HRMS (ESI"): calcd. For [C,sH»0,Na]” (M + Na)*: 413.1520, found: 413.1517.
Ph

\\ih \S|

Me

Ph
(2)-2-Methyl-5-(1,3,5-triphenylpent-2-en-4-yn-1-yl) thiophene (20): 304.6 mg, 78% vyield,
yellow solid, > 20:1 Z/E, R¢(PE/EA = 19:1) = 0.3.

'H NMR (400 MHz, CDCl;) & 7.80-7.78 (m, 2H), 7.64-7.62 (m, 2H), 7.50-7.48 (m, 2H),
7.46-7.40 (m, 7TH), 7.39-7.31 (m, 2H), 6.91 (d, J = 10.0 Hz, 1H), 6.75-6.68 (m, 2H), 5.81 (d, J
=10.0 Hz, 1H), 2.51 (s, 3H).

3C NMR (100 MHz, CDCl;) & 144.8, 143.2, 138.9, 138.5, 137.8, 131.8, 128.8, 128.6, 128.54,
128.52,128.2,128.1, 127.1, 126.5, 124.9, 124.8, 123.9, 123.3, 96.1, 86.5, 48.3, 15.5.
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HRMS (ESIY): calcd. For [C,sH2,SNa]™ (M + Na)™: 413.1338, found: 413.1340.
Ph OH

\ "

Ph
(2)-2-(5-(1,3,5-Triphenylpent-2-en-4-yn-1-yl)thiophen-2-yl) ethan-1-ol (2p): 201.9 mg, 48%
yield, brown solid, > 20:1 Z/E, R;(PE/EA = 17:3) = 0.3.

'H NMR (400 MHz, CDCls) § 7.77-7.75 (m, 2H), 7.61-7.58 (m, 2H), 7.46-7.29 (m, 11H),
6.88 (d, J = 9.6 Hz, 1H), 6.78-6.75 (m, 2H), 5.78 (d, J = 10.0 Hz, 1H), 3.85 (t, J = 6.4 Hz, 2H),
3.03 (t, J = 6.4 Hz, 2H), 1.78 (s, 1H).

3C NMR (100 MHz, CDCl5) & 145.9, 143.0, 139.9, 138.2, 137.6, 131.8, 128.8, 128.6, 128.54,
128.52,128.2,127.1, 126.5, 125.5, 124.8, 124.0, 123.2, 96.2, 86.3, 63.4, 48.3, 33.7.

HRMS (ESI"): calcd. For [C,oH2OSNa]™ (M + Na)*: 443.1443, found: 443.1446.

Ph
Ph S
A\ 9

Ph

Ph
(2)-2-Phenyl-5-(1,3,5-triphenylpent-2-en-4-yn-1-yl) thiophene (2q): 402.8 mg, 89% yield,
light yellow liquid, > 20:1 Z/E, R¢(PE/DCM = 5:1) =0.3.

'H NMR (400 MHz, CDCl;) & 7.74-7.70 (m, 2H), 7.56-7.53 (m, 4H), 7.44-7.42 (m, 2H),
7.38-7.24 (m, 11H), 7.23-7.19 (m, 1H), 7.16 (d, J = 3.6 Hz, 1H), 6.87-6.83 (m, 2H), 5.78 (d, J
=10.0 Hz, 1H).

3C NMR (100 MHz, CDCl3) & 146.9, 143.4, 142.8, 138.1, 137.6, 134.6, 131.8, 128.92,
128.88, 128.7, 128.58, 128.55, 128.3, 127.4, 127.2, 126.5, 126.1, 125.67, 124.30, 123.19,
122.87, 96.31, 86.32, 77.48, 77.16, 76.84, 48.40.

HRMS (ESIY): calcd. For Cy3HoS ™ (M + H)™: 453.1677, found: 453.1678.

Br

AN

Ph

Ph S

N

(2)-2-(4-Bromophenyl)-5-(1,3,5-triphenylpent-2-en-4-yn-1-yl) thiophene (2r): 281.7 mg,
53% vyield, white solid, > 20:1 Z/E, R¢(PE/DCM = 9:1) = 0.5.

'H NMR (400 MHz, CDCl) § 7.78-7.77 (m, 2H), 7.62-7.59 (m, 2H), 7.50-7.31 (m, 15H),
7.20 (d, J = 3.6 Hz, 1H), 6.91-6.89 (m, 2H), 5.83 (d, J = 10.0 Hz, 1H).

3C NMR (100 MHz, CDCls) & 147.6, 142.7, 142.0, 137.8, 137.6, 133.5, 132.0, 131.8, 128.9,
128.7, 128.60, 128.56, 128.3, 128.2, 127.3, 127.1, 126.5, 126.2, 124.5, 123.3, 123.2, 121.1,
96.4, 86.3, 48.4.
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HRMS (ESIY): calcd. For [Ca3H25S]™ (M + H)™: 531.0782, found: 531.0770.
Ph

\\ o OBn

Ph
(2)-(5-(Benzyloxy) pent-3-en-1-yne-1,3,5-triyl) tribenzene (3a): 332.4 mg, 83% yield,
yellow liquid, > 20:1 Z/E, R; (PE/DCM = 7:3) = 0.5.
'H NMR (400 MHz, CDCl;) & 7.79-7.78 (m, 2H), 7.65-7.63 (m, 2H), 7.54-7.50 (m, 4H),
7.48-7.30 (m, 12H), 6.68 (d, J = 9.2 Hz, 1H), 5.88 (d, J = 9.2 Hz, 1H), 4.77 (g, J = 12.4 Hz,
2H).
3C NMR (100 MHz, CDCls) & 141.2, 138.5, 137.2, 137.1, 131.8, 128.72, 128.70, 128.54,
128.51, 128.48, 128.4, 128.0, 127.8, 127.6, 126.7, 126.5, 125.4, 123.0, 96.5, 86.3, 79.4, 70.5.
HRMS (ESI"): calcd. For [C5H240Na] * (M + Na)*: 423.1725, found: 423.1724.

Ph

(2)-4-(((1,3,5-Triphenylpent-2-en-4-yn-1-yl) oxy) methyl)-1,1'-biphenyl (3b): 371.4 mg,
78% yield, brown liquid, > 20:1 Z/E, R¢ (PE/EA=19:1) = 0.6.

'H NMR (400 MHz, CDCl;) & 7.81-7.79 (m, 2H), 7.67-7.62 (m, 6H), 7.59-7.57 (m, 2H),
7.52-7.36 (m, 14H), 6.70 (d, J = 8.8 Hz, 1H), 5.91 (d, J = 9.2 Hz, 1H), 4.87-4.79 (m, 2H).

3C NMR (100 MHz, CDCl3) & 141.1, 141.0, 140.6, 137.6, 137.1, 131.7, 128.8, 128.73,
128.69, 128.6, 128.5, 128.4, 127.9, 127.3, 127.24, 127.18, 126.7, 126.5, 125.5, 123.0, 96.5,
86.3,79.2, 70.2.

HRMS (ESI"): calcd. For [CsHsONa]™ (M + Na)™: 499.2038, found: 499.2036.

Ph\:),o /_O_Br

Ph
(2)-(5-((4-Bromobenzyl)oxy) pent-3-en-1-yne-1,3,5-triyl)tribenzene (3c): 350.0 mg, 73%
yield, yellow solid, > 20:1 Z/E, R¢(PE/EA = 19:1) = 0.6.
'H NMR (400 MHz, CDCl3) & 7.7-7.72 (m, 2H), 7.56-7.55 (m, 2H), 7.47-7.39 (m, 11H),
7.36-7.31 (m, 4H), 6.59 (d, J = 9.2 Hz, 1H), 5.78 (d, J = 9.2 Hz, 1H), 4.67 (q, J = 12.4 Hz,
2H).
C NMR (100 MHz, CDCIl3) & 140.9, 137.6, 137.0, 136.7, 131.7, 131.6, 129.7, 128.82,
128.77, 128.62, 128.59, 128.5, 128.0, 126.6, 126.5, 125.7, 122.9, 121.6, 96.6, 86.1, 79.2, 69.6.
HRMS (ESI"): calcd. For [CyH2,BrO]" (M + H)™: 479.1011, found: 479.1109.
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OPh

Ph /_@
Ph

(2)-(5-((3-Phenoxybenzyl) oxy) pent-3-en-1-yne-1,3,5-triyl) tribenzene (3d): 295.6 mg, 60%
yield, orange liquid, > 20:1 Z/E, R;(PE/EA =19:1) = 0.6.
'H NMR (400 MHz, CDCl;) & 7.74-7.72 (m, 2H), 7.58-7.56 (m, 2H), 7.52-7.50 (m, 2H),
7.43-7.30 (m, 12H), 7.21-7.19 (m, 1H), 7.14-7.10 (m, 2H), 7.02-7.01 (m, 2H), 6.96-6.94 (m,
1H), 6.62-6.60 (m, 1H), 5.83 (d, J = 9.2 Hz, 1H), 4.70 (q, J = 12.4 Hz, 2H).
C NMR (100 MHz, CDCl;) & 157.6, 157.2, 141.0, 140.7, 137.1, 137.0, 131.8, 129.82,
129.78, 128.76, 128.7, 128.6, 128.5, 127.9, 126.7, 126.5, 125.5, 123.4, 123.0, 122.6, 119.2,
118.1, 117.9, 96.6, 86.2, 79.6, 70.1.
HRMS (ESI): calcd. For [CaH250,Na]” (M + Na)*: 515.1987, found: 515.1987.

Ph
(2)-2-(((1,3,5-Triphenylpent-2-en-4-yn-1-yl) oxy) methyl) naphthalene (3¢): 360.5 mg, 80%
yield, orange liquid, > 20:1 Z/E, R¢ (PE/EA = 19:1) = 0.6.
'H NMR (400 MHz, CDCl;) & 7.83-7.77 (m, 3H), 7.73-7.68 (m, 3H), 7.56-7.53 (m, 3H),
7.44-7.32 (m, 6H), 7.30-7.16 (m, 7H), 6.61 (d, J = 9.2 Hz, 1H), 5.82 (d, J = 9.2 Hz, 1H), 4.84
(9, J =12.4 Hz, 2H).
3C NMR (100 MHz, CDCls) & 141.1, 137.14, 137.05, 135.9, 133.4, 133.1, 131.6, 128.7,
128.59, 128.56, 128.4, 128.3, 128.1, 127.9, 127.8, 126.9, 126.7, 126.5, 126.11, 126.08, 125.9,
1255, 122.9, 96.5, 86.2, 79.1, 70.5.
HRMS (ESI"): calcd. For [C3,H20Na]” (M + Na)™: 473.1881, found: 473.1884.

Ph\\ N /_//

(o]

Ph
(2)-(5-(Allyloxy) pent-3-en-1-yne-1,3,5-triyl) tribenzene (3f): 122.7 mg, 35% vyield, yellow
liquid, > 20:1 Z/E, R¢ (PE/EA = 19:1) = 0.6.
'H NMR (400 MHz, CDCl3) & 7.73-7.71 (m, 2H), 7.61-7.58 (m, 2H), 7.55-7.54 (m, 1H),
7.43-7.29 (m, 9H), 6.56 (d, J = 9.2 Hz, 1H), 6.08-5.99 (m, 1H), 5.77 (d, J = 9.2 Hz, 1H), 5.41-
5.36 (m, 1H), 5.25-5.22 (m, 1H), 4.22-4.11 (m, 2H).
C NMR (100 MHz, CDCl3) & 141.2, 137.3, 137.2, 134.9, 131.7, 128.8, 128.7, 128.62,
128.56, 128.4, 127.8, 126.7, 126.5, 125.2, 123.2, 117.4, 96.5, 92.8, 86.4, 79.6, 69.6.
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HRMS (ESIY): calcd. For [CoH2,0ONa] * (M + Na)*: 373.1568, found: 373.1566.

\\ Ph /—/_

0]

Ph

((2)-5-(Cinnamyloxy) pent-3-en-1-yne-1,3,5-triyl) tribenzene (3g): 260.2 mg, 61% yield,
yellow liquid, > 20:1 Z/E, R¢ (PE/EA =19:1) = 0.6.

'H NMR (400 MHz, CDCl;) & 7.71-7.69 (m, 2H), 7.55-7.53 (m, 2H), 7.47-7.45 (m, 2H),
7.39-7.25 (m, 12H), 7.23-7.18 (m, 2H), 6.67-6.61 (m, 1H), 6.56 (d, J = 8.8 Hz, 1H), 6.41-6.35
(m, 1H), 5.82 (d, J = 8.8 Hz, 1H), 4.44-4.33(m, 2H).

3C NMR (100 MHz, CDCl5) & 141.2, 137.2, 137.1, 136.8, 133.0, 131.7, 128.8, 128.7, 128.59,
128.55, 128.53, 128.4, 127.9, 127.7, 126.7, 126.5, 126.1, 125.4, 123.0, 96.6, 86.3, 79.2, 69.2.

HRMS (ESI"): calcd. For [Cs,H20Na]” (M + Na)™: 449.1881, found: 449.1882.
Ph
\ Ph /S
A\ J

Ph
(2)-(5-Ethoxypent-3-en-1-yne-1,3,5-triyl) tribenzene (3h): 264.0 mg, 78% vyield, yellow
viscous solid, > 20:1 Z/E, R (PE/EA = 19:1) = 0.6.
'H NMR (400 MHz, CDCl;) & 7.72-7.70 (m, 2H), 7.61-7.58 (m, 2H), 7.55-7.53 (m, 2H),
7.43-7.35 (m, 7H), 7.33-7.25 (m, 2H), 6.56 (d, J = 9.2 Hz, 1H), 5.70 (d, J = 9.2 Hz, 1H), 3.76-
3.59 (m, 2H), 1.32 (t, J = 7.2 Hz, 3H).
3C NMR (100 MHz, CDCl,) & 141.5, 137.7, 137.3, 131.7, 128.8, 128.7, 128.6, 128.5, 128.3,
127.8, 126.6, 126.5, 124.9, 123.2, 96.4, 86.4, 80.2, 64.3, 15.6.
HRMS (ESIY): calcd. For [CpsH250]" (M + H)™: 339.1749, found: 339.1747.

\ s

Ph
(2)-(5-Phenethoxypent-3-en-1-yne-1,3,5-triyl) tribenzene (3i): 273.4 mg, 66% isolated
yield, yellow solid, >20:1 Z/E, R¢ (PE/EA = 19:1) = 0.6.
'H NMR (400 MHz, CDCl;) & 7.66-7.64 (m, 2H), 7.55-7.53 (m, 2H), 7.48-7.46 (m, 2H),
7.36-7.31 (m, 7H), 7.29-7.22 (m, 6H), 7.20-7.16 (m, 1H), 6.47 (d, J = 8.8 Hz, 1H), 5.71 (d, J
= 9.2 Hz, 1H), 3.88-3.74 (m, 2H), 2.99 (t, J = 7.2 Hz, 2H).
BC NMR (100 MHz, CDCly) 6 141.3, 139.1, 137.5, 137.1, 131.7, 129.2, 128.8, 128.7, 128.6,
128.5, 128.4, 128.4, 127.8, 126.5, 126.4, 126.3, 125.1, 123.2, 96.5, 86.3, 80.4, 69.8, 36.67.
HRMS (ESI): calcd. For [C5;H,6ONa]™ (M + Na)*: 437.1881, found: 431.1877.
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Ph
(2)-(5-(4-Chlorophenethoxy) pent-3-en-1-yne-1,3,5-triyl) tribenzene (3j): 211.0 mg, 47%
isolated yield, yellow solid, >20:1 Z/E, R; (PE/EA = 19:1) = 0.6.
'H NMR (400 MHz, CDCl;) & 7.65-7.63 (m, 2H), 7.55-7.53 (m, 2H), 7.45-7.43 (m, 2H),
7.38-7.32 (m, 7H), 7.30-7.20 (m, 4H), 7.16-7.14 (m, 2H), 6.42 (d, J = 8.8 Hz, 1H), 5.67 (d, J
= 8.8 Hz, 1H), 3.85-3.71 (m, 2H), 2.93 (t, J = 6.8 Hz, 2H).
BC NMR (100 MHz, CDCls) 6 141.2, 137.8, 137.3, 137.1, 132.0, 131.7, 130.5, 128.8, 128.7,
128.63, 128.55, 128.5, 128.4, 127.8, 126.5, 126.4, 125.2, 123.1, 96.5, 86.3, 80.4, 69.5, 36.0.
HRMS (ESI): calcd. For [C3;H,sCIONa]™ (M + Na)™: 471.1492, found: 471.1495.

Ph /_//

(2)-(5-(But-3-yn-1-yloxy) pent-3-en-1-yne-1,3,5-triyl) tribenzene (3k): 115.9 mg, 32%
isolated yield, yellow solid, >20:1 Z/E, Rs (PE/EA = 19:1) = 0.6.

'H NMR (400 MHz, CDCl3) & 7.74-7.71 (m 2H), 7.62-7.60 (m, 2H), 7.56-7.54 (m, 2H), 7.42-
7.37 (m, 7H), 7.35-7.29 (m, 2H), 6.56 (d, J = 8.8 Hz, 1H), 5.75 (d, J = 9.2 Hz, 1H), 3.83-3.70
(m. 2H), 2.62-2.58 (m, 2H), 2.01 (t, J = 2.4 Hz, 1H).

BC NMR (100 MHz, CDCls) 6 141.0, 137.1, 137.0, 131.7, 128.8, 128.7, 128.63, 128.55,
128.5, 127.9, 126.6, 126.5, 125.3, 123.1, 96.6, 86.2, 81.5, 80.5, 69.5, 66.9, 20.2.

HRMS (ESI): calcd. For [C27H220Na]+ (M + Na)": 385. 1568, found: 385.1563.

\Ph /—/

Ph
(2)-Phenyl (2-((1,3,5-triphenylpent-2-en-4-yn-1-yl) oxy) ethyl) sulfane (3l): 245.4 mg, 55%
isolated yield, orange solid, >20:1 Z/E, R; (PE/EA = 20:1) = 0.6.
'H NMR (400 MHz, CDCl3) & 7.67-7.65 (m, 2H), 7.54-7.52 (m, 2H), 7.49-7.55 (m, 2H),
7.36-7.28 (m, 11H), 7.21-7.17 (m, 2H), 7.13-7.09 (m, 1H), 6.50 (d, J = 9.2 Hz, 1H), 5.69 (d, J
=9.2 Hz, 1H), 3.87-3.75 (m, 2H), 3.21 (t, J = 6.8 Hz, 2H).
BC NMR (100 MHgz, CDCly) 6 141.0, 137.1, 137.0, 136.2, 131.7, 129.4, 129.0, 128.8, 128.7,
128.6, 128.5, 128.4, 127.9, 126.6, 126.5, 126.1, 125.4, 123.0, 96.6, 86.2, 80.5, 67.5, 33.6.
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HRMS (ESI"): calcd. For [C3;H20SNa]™ (M + Na)™: 469.1602, found: 469.1611.

Vg
5

(2)-9-(((1,3,5-Triphenylpent-2-en-4-yn-1-yl) oxy) methyl)-9H-fluorene (3m): 293.2 mg, 60%
isolated yield, yellow solid, >20:1 Z/E, R; (PE/EA = 20:1) = 0.6.

'H NMR (400 MHz, CDCl;) & 7.80-7.78 (m, 3H), 7.74-7.72 (m, 3H), 7.66-7.64 (m, 2H),
7.56-7.54 (m, 2H), 7.47-7.32 (m, 13H), 6.64 (d, J = 8.8 Hz, 1H), 5.89 (d, J = 8.8 Hz,
1H) ,4.39 (t, J = 7.6 Hz, 1H), 3.95 (d, J = 7.6 Hz, 2H).

3C NMR (100 MHz, CDCl,) & 145.2, 144.9, 141.4, 141.3, 141.2, 137.4, 137.2, 131.7, 128.8,
128.7, 128.6, 128.4, 127.8, 127.5, 127.1, 127.0, 126.6, 126.5, 125.6, 125.5, 125.4, 123.0,
119.9, 96.6, 86.3, 80.9, 71.7, 48.3.

HRMS (ESI): calcd. For [Cs;H20Na]” (M + Na)*: 511.2038, found: 511.2037.
Ph

his
o]
Ph \Z@

(1R,3R,5S)-1-((((2)-1,3,5- Triphenylpent-2-en-4-yn-1-yl) oxy) methyl) adamantane (3n):
238.5 mg, 52% isolated yield, colorless viscous solid, >20:1 Z/E, R¢ (PE/EA = 20:1) = 0.4.
'H NMR (400 MHz, CDCl;) & 7.75-7.73 (m, 2H), 7.63-7.61 (m, 2H), 7.58-7.56 (m, 2H),
7.43-7.38 (m, 7H), 7.35-7.29 (m, 2H), 6.52 (d, J = 9.2 Hz, 1H), 5.65 (d, J = 8.8 Hz, 1H), 3.27-
3.16 (m, 2H), 2.05-1.99 (m, 3H), 1.78-1.67 (m, 12H).

3C NMR (100 MHz, CDCls) § 141.9, 138.5, 137.3, 131.7, 128.7, 128.6, 128.5, 128.3, 127.5,
126.4, 124.6, 123.3, 96.2, 86.6, 80.4, 79.7, 40.0, 37.4, 34.4, 28.5.

HRMS (ESI): calcd. For [C34H350]+ (M + H)": 459.2688, found: 459.2685.

\Ph /—<

Ph
(2)-1-Phenyl-2-((1,3,5-triphenylpent-2-en-4-yn-1-yl) oxy) ethan-1-ol (30): 176.5 mg, 41%
isolated yield, yellow liquid, dr = 1:1, >20:1 Z/E, R¢ (PE/EA = 10:1) = 0.3.

'H NMR (400 MHz, CDCl;) §7.74-7.42 (m, 5H), 7.62-7.54 (m, 11H), 7.41-7.30 (m, 34H),
6.59-6.57 (m, 2H), 5.83-5.79 (m, 2H), 5.07-5.04 (m, 2H), 3.88-3.76 (m, 2H), 3.72-3.63 (m,
2H), 3.04 (s, 2H).

3C NMR (100 MHz, CDCls) & 140.79, 140.76, 140.2, 137.0, 136.6, 136.5, 131.8, 131.7,
128.9, 128.8, 128.6, 128.6, 128.52, 128.46, 128.1, 128.0, 127.9, 126.6, 126.6, 126.5, 126.4,
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126.1, 125.8, 125.5, 122.9, 96.9, 96.8, 86.2, 86.1, 81.1, 80.8, 74.6, 74.4, 73.2, 72.9.
HRMS (ESI): calcd. For [C31H2602Na]+ (M + Na)™: 453. 1830, found: 453.1823.

\Ph /—/

Ph
(2)-(5-(2-Methoxyethoxy) pent-3-en-1-yne-1,3,5-triyl) tribenzene (3p): 125.3 mg, 34%
isolated yield, yellow liquid, >20:1 Z/E, R; (PE/EA = 20:1) = 0.6.
'H NMR (400 MHz, CDCl;) & 7.74-7.72 (m, 2H), 7.63-7.60 (m, 2H), 7.58-7.56 (m, 2H),
7.44-7.31 (m, 7H), 7.34-7.29 (m, 2H), 6.63-6.60 (m, 1H), 5.77 (d, J = 8.8 Hz, 1H), 3.86-3.73
(m, 2H), 3.68-3.66 (m, 2H), 3.45-3.42 (m, 3H).
3C NMR (100 MHz, CDCl,) & 141.1, 137.3, 137.2, 131.7, 128.8, 128.7, 128.6, 128.5, 128.3,
127.8, 126.7, 126.4, 125.0, 123.1, 96.5, 86.3, 80.8, 72.1, 68.1, 59.2.
HRMS (ESI): calcd. For [CysH240,Na]” (M + Na)*: 391.1674, found: 391.1677.

Ph OH
pacll

Ph
(2)-3-((1,3,5-Triphenylpent-2-en-4-yn-1-yl) oxy) propan-1-ol (3q): 165.8 mg, 45% isolated
yield, light yellow liquid, >20:1 Z/E, R (PE/EA = 5:1) = 0.2.
'H NMR (400 MHz, CDCl;) & 7.76-7.74 (m, 2H), 7.65-7.63 (m, 2H), 7.57-7.55 (m, 2H),
7.47-7.39 (m, 7H), 7.37-7.32 (m, 2H), 6.57 (d, J = 8.8 Hz, 1H), 5.74 (d, J = 8.8 Hz, 1H), 3.91-
3.85 (m, 3H), 3.80-3.75 (m, 1H), 2.52 (s, 1H), 2.00-1.94 (m, 2H).
3C NMR (100 MHz, CDCls) & 141.0, 137.1, 137.0, 131.7, 128.8, 128.7, 128.6, 128.5, 128.4,
127.9, 126.5, 126.4, 125.4, 123.0, 96.6, 86.2, 80.8, 67.8, 61.8, 32.4.
HRMS (ESI): calcd. For [CysH240,Na]” (M + Na)*: 391.1674, found: 391.1673.

Ph Me
\JL@
Ph

((2)-5-((R)-1-Phenylethoxy) pent-3-en-1-yne-1,3,5-triyl) tribenzene (3r): 221.4 mg, 51%
isolated yield, yellow liquid, dr = 1:1, >20:1 Z/E, R¢ (PE/EA = 20:1) = 0.6.

'H NMR (400 MHz, CDCl3) & 7.75-7.73 (m, 2H), 7.59-7.57 (m, 2H), 7.48-7.46 (m, 4H),
7.40-7.16 (m, 32H), 6.54 (d, J = 9.2 Hz, 1H), 6.52 (d, J = 9.2 Hz, 1H), 5.67 (d, J = 9.2 Hz,
1H), 5.62 (d, J = 9.2 Hz, 1H), 4.78 (q, J = 6.4 Hz, 1H), 4.55 (q, J = 6.4 Hz, 1H), 1.53 (d, J =
6.4 Hz, 3H), 1.50 (d, J = 6.4 Hz, 3H).

3C NMR (100 MHz, CDCly) & 144.1, 144.0, 141.44, 141.43, 137.44, 137.41, 137.20, 137.18,
131.8, 131.7, 128.8, 128.62, 128.59, 128.54, 128.53, 128.46, 128.40, 128.37, 128.3, 128.2,
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127.9, 127.53, 127.49, 127.4, 126.9, 126.8, 126.54, 126.48, 126.47, 126.46, 126.0, 123.8,
123.1, 122.9, 96.2, 96.1, 86.3, 86.1, 78.1, 76.7, 75.2, 75.1, 24.6, 24.4.
HRMS (ESIY): calcd. For [Cs;H60Na]™ (M + Na)*™: 437.1881, found: 437.1881.

e

(2)-(5-(Cyclohexyloxy) pent-3-en-1-yne-1,3,5-triyl) tribenzene (3s): 78.5 mg, 20% isolated
yield, yellow viscous solid, >20:1 Z/E, R¢ (PE/EA = 20:1) = 0.6.

'H NMR (400 MHz, CDCl;) & 7.71-7.69 (m, 2H), 7.57-7.54 (m, 2H), 7.53-7.51 (m, 2H),
7.39-7.33 (m, 7H), 7.30-7.23 (m, 2H), 6.55 (d, J = 9.2 Hz, 1H), 5.86 (d, J = 9.2 Hz, 1H), 3.56-
3.49 (m, 1H), 2.02-2.00 (m, 2H), 1.77-1.72 (m, 2H), 1.57-1.41 (m, 3H), 1.29-1.20 (m, 3H).
BC NMR (100 MHz, CDCls) 6 142.1, 138.3, 137.3, 131.7, 128.7, 128.62, 128.59, 128.5,
128.3, 127.6, 126.6, 126.5, 124.4, 123.3, 96.0, 86.5, 75.1, 33.1, 32.5, 26.0, 24.4.

HRMS (ESIY): calcd. For [CyH200]" (M + H)*: 393.2218, found: 393.2218.

P h\} O}>

(2)-(5-Cyclopropoxypent-3-en-1-yne-1,3,5-triyl) tribenzene (3t): 73.6 mg, 21% isolated
yield, yellow viscous solid, >20:1 Z/E, R¢ (PE/EA = 20:1) = 0.6.

'H NMR (400 MHz, CDCl;) & 7.75-7.73 (m, 2H), 7.64-7.61 (m, 2H), 7.55-7.54 (m, 2H),
7.46-7.38 (m, 7H), 7.35-7.30 (m, 2H), 6.60 (d, J = 9.2 Hz, 1H), 5.84 (d, J = 9.2 Hz, 1H), 3.53-
3.49 (m, 1H), 0.85-0.74 (m, 2H), 0.62-0.53 (m, 2H).

3C NMR (100 MHz, CDCls) & 141.2, 137.2, 137.1, 131.7, 128.8, 128.7, 128.63, 128.55,
128.4,127.8, 126.7, 126.5, 125.1, 123.2, 96.4, 86.3, 80.8, 52.1, 6.5, 6.1.

HRMS (ESI"): calcd. For [C,sH»ONa]* (M + Na)*: 373.1568, found: 373.1571.

Ph

Me
Ph >—Me
)\
Ph

(2)-(5-1sopropoxypent-3-en-1-yne-1,3,5-triyl) tribenzene (3u): 95.2 mg, 27% isolated
yield, yellow liquid, >20:1 Z/E, R¢(PE/EA = 20:1) = 0.6.

'H NMR (400 MHz, CDCl3) & 7.73-7.71 (m, 2H), 7.61-7.58 (m, 2H), 7.55-7.54 (m, 2H),
7.43-7.36 (m, 7H), 7.33-7.27 (m, 2H), 6.54 (d, J = 9.2 Hz, 1H), 5.85 (d, J = 9.2 Hz, 1H), 3.92-
3.83 (m, 1H), 1.30 (t, J = 5.6 Hz, 6H).

3C NMR (100 MHz, CDCl;) & 142.0, 138.2, 137.3, 131.7, 128.7, 128.6, 128.5, 128.3, 127.6,

S25



126.6, 126.5, 124.5, 123.3, 96.1, 86.5, 77.4, 69.2, 22.9, 22.5.
HRMS (ESI): calcd. For [C26H240Na]+ (M + Na)*‘ 375.1725, found: 375.1724.

\j)‘ >—CF3

Ph
(2)-(5-((1,1,1,3,3,3-Hexafluoropropan-2-yl) oxy) pent-3-en-1-yne-1,3,5-triyl) tribenzene
(3v): 73.7 mg, 16% isolated vyield, light yellow liquid, >20:1 Z/E, R (PE/EA = 20:1) = 0.6.
'H NMR (400 MHz, CDCl;) & 7.75-7.73 (m, 2H), 7.59-7.57 (m, 2H), 7.53-7.51 (m, 2H),
7.44-7.36 (m, 9H), 6.52 (d, J = 9.6 Hz, 1H), 6.18 (d, J = 9.6 Hz, 1H), 4.50 (septet, J = 6.0 Hz,
1H).
3C NMR (100 MHz, CDCl;) 138.3, 136.5, 132.5, 131.8, 129.3, 129.2, 128.99, 128.96,
128.82, 128.79, 128.75, 126.8, 126.7, 122.4, 97.6, 85.1, 82.9, 73.3, 73.0, 72.6, 72.3, 72.0.
HRMS (ESI): calcd. For [CysH1gFs0]" (M + H)™: 461.1340, found: 461.1343.

Ph
(2)-Benzyl (1,3,5-triphenylpent-2-en-4-yn-1-yl) sulfane (4a): 304.1 mg, 73% isolated yield,
light yellow liquid, >20:1 Z/E, R¢ (PE/EA = 20:1) = 0.6.
'H NMR (400 MHz, CDCl;) & 7.69-7.66 (m, 2H), 7.46-7.44 (m, 2H), 7.42-7.39 (m, 2H),
7.37-7.26 (m, 10H), 7.25-7.23 (m, 1H), 7.20-7.13 (m, 3H), 6.64 (d, J = 10.4 Hz, 1H), 5.33 (d,
J =10.4 Hz, 1H), 3.84-3.71 (m, 2H).
3C NMR (100 MHz, CDCls) § 139.9, 138.4, 137.3, 136.7, 131.8, 129.1, 128.9, 128.7, 128.6,
128.54, 128.46, 128.3, 128.0, 127.6, 126.9, 126.5, 124.1, 123.1, 96.8, 86.2, 49.9, 36.3.

HRMS (ESIY): calcd. For [CsH25S]™ (M + H)™: 417.1677, found: 417.1677.
Ph

\:)—S /—QOMe

Ph
(2)-(4-Methoxybenzyl) (1,3,5-triphenylpent-2-en-4-yn-1-yl) sulfane (4b): 330.5 mg, 74%
isolated yield, white solid, >20:1 Z/E, R¢ (PE/EA = 20:1) = 0.6.
'H NMR (400 MHz, CDCl3) & 7.79-7.76 (m, 2H), 7.55-7.53 (m, 2H), 7.51-7.49 (m, 2H),
7.47-7.31 (m, 11H), 6.81-6.79 (m, 2H), 6.74 (d, J = 10.4 Hz, 1H), 5.40 (d, J = 10.4 Hz, 1H),
3.89-3.76 (m, 2H), 3.73 (s, 3H).
BC NMR (100 MHz, CDCly) 6 158.6, 140.0, 137.3, 136.8, 131.8, 130.3, 130.2, 128.9, 128.6,
128.54, 128.45, 128.3, 128.0, 127.6, 126.4, 123.9, 123.1, 113.9, 96.7, 86.3, 55.2, 49.6, 35.6.
HRMS (ESI): calcd. For [CaHasOSNa]* (M + Na)*: 469.1602, found: 469.1599.

S26



Ph

\_Ph)j?
A\ S—Ph
—/
o]

Ph
(2)-(5-(Phenylsulfonyl) pent-3-en-1-yne-1,3,5-triyl) tribenzene (4c¢): 1955 mg, 45%
isolated yield, white solid, >20:1 Z/E, R¢ (PE/EA = 20:1) = 0.3.
'H NMR (400 MHz, CDCl;) & 7.87-7.85 (m, 2H), 7.61-7.59 (m, 2H), 7.57-7.54 (m, 3H),
7.45-7.39 (m, 10H), 7.37-7.33 (m, 2H), 6.82 (d, J = 10.4 Hz, 1H), 5.64 (d, J = 10.8 Hz, 1H).
3C NMR (100 MHz, CDCl,) & 138.0, 136.9, 133.8, 131.70, 131.65, 130.3, 130.1, 129.3,
129.2,129.1, 128.99, 128.95, 128.8, 128.7, 128.6, 126.62, 126.57, 122.4, 97.4, 85.0, 73.3.

HRMS (ESI): calcd. For [C,oH»0,SNa]* (M + Na)™: 457.1238, found: 457.1233.
Ph

\ Ph Q
N

—/ 0

Ph

(2)-(5-Tosylpent-3-en-1-yne-1,3,5-triyl) tribenzene (4d): 197.4 mg, 44% isolated yield,
white solid, >20:1 Z/E, R¢ (PE/EA = 20:1) = 0.3.
'H NMR (400 MHz, CDCl;) & 7.72-7.70 (m, 2H), 7.62-7.60 (m, 2H), 7.54-7.52 (m, 2H),
7.44-7.35 (m, 11H), 7.19 (d, J = 8.0 Hz, 2H), 6.81 (d, J = 10.8 Hz, 1H), 5.60 (d, J = 10.8 Hz,
1H), 2.35 (s, 3H).
BC NMR (100 MHz, CDCl,) 6 144.7, 137.0, 135.1, 132.0, 131.7, 130.07, 130.05, 129.5,
129.3,129.1, 129.04, 128.96, 128.9, 128.7, 128.6, 127.0, 126.6, 122.6, 97.3, 85.1, 73.3, 21.7.

HRMS (ESI): calcd. For [C3H250,S]" (M + H)™: 449.1575, found: 449.1572.
MeQO

(2)-3-(5-(4-Methoxyphenyl)-1,3-diphenylpent-2-en-4-yn-1-yl)-1-methyl-1H-indole  (5b):
226.8 mg, 50% isolated yield, white solid, >20:1 Z/E, R (PE/DCM = 5:2) = 0.6.

'H NMR (400 MHz, CDCl3) & 7.71-7.69 (m, 2H), 7.52-7.50 (m, 1H), 7.47-7.42 (m, 4H),
7.34-7.27 (m, 4H), 7.26-7.17 (m, 4H), 7.03-6.99 (m, 1H), 6.88-6.84 (m, 3H), 6.80-6.77
(m,1H), 5.83 (d, J = 10.0 Hz, 1H), 3.77 (s, 3H), 3.68 (s, 3H).

3C NMR (100 MHz, CDCl;) & 159.8, 143.5, 139.1, 138.2, 137.5, 133.2, 128.6, 128.5, 128.3,
127.8, 127.4,127.0, 126.5, 126.4, 123.2, 121.8, 120.2, 119.0, 116.9, 115.6, 114.1, 109.3, 85.6,
55.4,44.7,32.8.

HRMS (ESI): calcd. For [Cy3H,;NONa]™ (M + Na)*: 476.1990, found: 476.1995.
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(2)-1-Methyl-3-(5-(naphthalen-2-yl)-1,3-diphenylpent-2-en-4-yn-1-yl)-1H-indole ~ (5c¢):
293.6 mg, 62% isolated yield, white solid, >20:1 Z/E, R; (PE/DCM = 5:2) = 0.6.

'"H NMR (400 MHz, CDCls) § 8.01 (s, 1H), 7.77-7.73 (m, 5H), 7.56-7.54 (m, 2H), 7.47-7.43
(m, 4H), 7.36-7.14 (m, 8H), 7.05-7.01 (m, 1H), 6.95-6.93 (m, 1H), 6.80 (s, 1H), 5.90 (d, J =
10.0 Hz, 1H), 3.67 (s, 3H).

3C NMR (100 MHz, CDCls) & 143.4, 140.0, 138.1, 137.6, 133.1, 133.0, 131.6, 128.7, 128.5,
128.4, 128.2, 127.90, 127.88, 127.4, 127.1, 126.8, 126.7, 126.6, 126.5, 123.2, 121.8, 120.8,
120.2, 119.1, 116.9, 109.4, 96.4, 87.3, 44.9, 32.8.

HRMS (ESIY): calcd. For [CaHasN] (M + H)™: 474.2222, found: 474.2217.

Me

Me

\\ Ph / N’
Ph

(2)-3-(1,3-Diphenylnon-2-en-4-yn-1-yl)-1-methyl-1H-indole (5d): 391.5 mg, 97% isolated
yield, white solid, >20:1 Z/E, R; (PE/DCM = 5:2) = 0.5.

'H NMR (400 MHz, CDCl;) & 7.64-7.61 (m, 2H), 7.47-7.45 (m, 1H), 7.39-7.37 (m, 2H),
7.31-7.27 (m, 5H), 7.24-7.17 (m, 3H), 7.03-6.99 (m, 1H), 6.77-6.75 (m, 2H), 5.72 (d, J = 10.0
Hz, 1H), 3.72 (s, 3H), 2.49 (t, J = 6.8 Hz, 2H), 1.64-1.58 (m, 2H), 1.52-1.47 (m, 2H), 0.93 (t,
J=17.6 Hz, 3H).

3C NMR (100 MHz, CDCls) & 143.7, 138.7, 138.3, 137.5, 128.6, 128.32, 128.30, 127.6,
1275, 127.0, 126.4, 123.4, 121.7, 120.3, 119.0, 117.1, 109.3, 100.1, 97.1, 77.9, 44.5, 32.8,
31.1,22.2,19.5, 13.8.

HRMS (ESI): calcd. For [CyH2oNNa]™ (M + Na)*: 426.2198, found: 426.2198.

TIPS

\\ Ph J N’

Me

Ph

(2)-3-(1,3-Diphenyl-5-(triisopropylsilyl)pent-2-en-4-yn-1-yl)-1-methyl-1H-indole ~ (5e):
488.7 mg, 97% isolated yield, white solid, >20:1 Z/E, R (PE/DCM = 5:2) = 0.4.
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'H NMR (400 MHz, CDCly) & 7.69-7.66 (m, 2H), 7.55-7.53 (m, 1H), 7.43-7.40 (m, 2H),
7.35-7.30 (m, 4H), 7.29-7.0 (m, 4H), 7.05-7.01 (m, 1H), 6.90 (d, J = 10.0 Hz, 1H), 6.77 (s,
1H), 5.85 (d, J = 10.4 Hz, 1H), 3.74 (s, 3H), 1.17-1.14 (m, 21H).

BC NMR (100 MHz, CDCl,) 5 143.3, 140.4, 137.9, 137.5, 128.6, 128.4, 128.3, 127.8, 127.4,
126.9, 126.5, 126.4, 123.2, 121.8, 120.2, 119.0, 116.9, 109.2, 104.1, 97.8, 44.8, 32.7, 18.9,
11.6.

HRMS (ESIY): calcd. For [CasH4NSi]™ (M + H)*: 504.3087, found: 504.3078.

TMS,

\\ Ph J N’

Me

Ph

(2)-3-(1,3-Diphenyl-5-(trimethylsilyl) pent-2-en-4-yn-1-yl)-1-methyl-1H-indole (5f): 352.5
mg, 84% isolated yield, white solid, >20:1 Z/E, R (PE/DCM = 5:2) = 0.4.

'H NMR (400 MHz, CDCl;) & 7.86-7.84 (m, 2H), 7.78-7.76 (m, 1H), 7.64-7.63 (m, 2H),
7.55-7.40 (m, 8H), 7.28-7.24 (m, 1H), 7.12 (d, J = 10.0 Hz, 1H), 6.95 (s, 1H), 6.02 (d, J =
10.0 Hz, 1H), 3.85 (s, 3H), 0.52 (s, 9H).

3C NMR (100 MHz, CDCls) & 143.4, 140.7, 137.7, 137.5, 128.6, 128.4, 128.3, 127.8, 127.4,
126.9, 126.6, 126.4, 123.0, 121.8, 120.1, 119.1, 116.9, 109.3, 102.5, 101.4, 44.6, 32.7, 0.2.
HRMS (ESI): calcd. For [C,oH3oNSi]" (M + H)™: 420.2148, found: 420.2146.

TIPS
Ph OMe
N\ O

Ph
(2)-Triisopropyl(5-((4-methoxybenzyl)oxy)-3,5-diphenylpent-3-en-1-yn-1-yl)silane  (5g):
408.6 mg, 80% isolated yield, pale yellow liquid, >20:1 Z/E, R;(PE/DCM = 5:2) = 0.4.

'H NMR (400 MHz, CDCl3) & 7.65-7.63 (m, 2H), 7.54-7.52 (m, 2H), 7.35-7.22 (m, 8H),
6.86-6.84 (m, 2H), 6.55 (d, J = 9.2 Hz, 1H), 5.79 (d, J = 9.2 Hz, 1H), 4.62-4.55 (m, 2H), 3.74
(s, 3H), 1.21-1.06 (s, 21H).

C NMR (100 MHz, CDCls) § 159.2, 141.3, 138.1, 137.0, 130.7, 129.3, 128.6, 128.4, 128.3,
127.8,126.6,126.4, 125.1, 113.9, 103.5, 98.7, 79.7, 70.4, 55.3, 18.9, 11.5.

HRMS (ESI): calcd. For [CasH4,0,SiNa]” (M + Na)*: 533.2852, found: 533.2854.

Ph
_Me
\\ Ph /N
H3C

(2)-1-Methyl-3-(3-methyl-1,5-diphenylpent-2-en-4-yn-1-yl)-1H-indole (5h): 122.9 mg, 34%
isolated yield, pale yellow liquid, Z/E = 3.6:1, R;(PE/DCM = 5:2) = 0.65.
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'H NMR (400 MHz, CDCly) & 7.48-7.45 (m, 3.2H), 7.42-7.36 (m, 3.1H), 7.32-7.25 (m, 8.9H),
7.22-7.17 (m, 2.9H), 7.03-6.98 (m, 1.3H), 6.81 (s, 0.28H), 6.75 (s, 1H), 6.45-6.42 (m, 0.28H),
6.22-6.20 (m, 1H), 5.59 (d, J = 10.0 Hz, 1H), 5.20 (d, J = 10.0 Hz, 0.28H), 3.70-3.69 (s, 4H),
2.04 (d, J = 1.6 Hz, 0.84H), 2.00 (d, J = 1.6 Hz, 3H).

BC NMR (100 MHz, CDCls) 6 143.9, 143.7, 140.4, 139.8, 137.5, 131.7, 131.6, 128.63,
128.55, 128.43, 128.36, 128.2, 128.0, 127.3, 127.1, 126.9, 126.5, 126.4, 123.7, 121.8, 121.748,
120.2, 119.9, 118.98, 118.95, 117.8, 117.2, 116.7, 109.4, 109.3, 93.6, 92.6, 88.9, 86.9, 44 .4,
42.2,32.8,23.3,17.8.

RMS (ESI): calcd. For [Co7H2sNNa]™ (M + Na)*: 384.1728, found: 384.1726.

(2)-3-(3-(4-Bromophenyl)-1,5-diphenylpent-2-en-4-yn-1-yl)-1-methyl-1H-indole (5i):
452.2 mg, 90% isolated yield, white solid, >20:1 Z/E, R (PE/DCM = 5:2) = 0.5.

'H NMR (400 MHz, CDCl;) & 7.60-7.51 (m, 5H), 7.49-7.44 (m, 4H), 7.38-7.31 (m, 6H),
7.29-7.22 (m, 2H), 7.07-7.04 (m, 1H), 6.92 (d, J = 10.0 Hz, 1H), 6.82 (s, 1H), 5.83 (d, J =
10.0 Hz, 1H), 3.76 (s, 3H).

3C NMR (100 MHz, CDCl;) & 143.1, 140.2, 137.6, 137.1, 131.8, 131.6, 128.72, 128.66,
128.6, 128.3, 128.1, 127.4, 127.1, 126.7, 123.3, 122.1, 121.90, 121.85, 120.1, 119.2, 116.7,
109.4, 96.4, 86.3, 44.9, 32.9.

HRMS (ESI): calcd. For [C3,HsBrN] ™ (M + H)*: 502.1170, found: 502.1163.

(E)-3-(3-(5-Bromothiophen-2-yl)-1,5-diphenylpent-2-en-4-yn-1-yl)-1-methyl-1H-indole
(5J): 508.5 mg, 30% isolated yield, yellow liquid, >20:1 Z/E, R¢(PE/DCM = 5:2) = 0.6.

'H NMR (400 MHz, CDCl;) & 7.58-7.56 (m, 2H), 7.51-7.49 (m, 1H), 7.44-7.42 (m, 2H),
7.40-7.32 (m, 6H), 7.30-7.23 (m, 2H), 7.12-7.10 (m, 1H), 7.09-7.05 (m, 1H), 6.98-6.97 (m,
1H), 6.83 (s, 1H), 6.75 (d, J = 10.0 Hz, 1H), 5.76 (d, J = 10.0 Hz, 1H), 3.77 (s, 3H).

3C NMR (100 MHz, CDCl;) & 144.3, 142.9, 138.0, 137.5, 131.8, 130.4, 128.8, 128.7, 128.6,
128.3, 127.3,127.0, 126.7, 125.0, 122.8, 121.9, 120.0, 119.2, 116.9, 116.3, 111.3, 109.4, 95.7,
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85.0, 44.5, 32.8.
HRMS (ESI): calcd. For [C3H2NSBr]* (M + H)™: 507.0656, found: 507.0575.

Ph
Ph

\\ OBn

H,C
(2)-(5-(Benzyloxy)-3-methylpent-3-en-1-yne-1,5-diyl) dibenzene (5k): 277.5 mg, 82%
isolated yield, colorless liquid, Z/E = 9:1, R (PE/EA = 20:1) = 0.3.

'H NMR (400 MHz, CDCl3) & 7.47-7.45 (m, 3.2H), 7.38-7.19 (m, 15.6H), 7.07 (s, 1.8H),
6.16 (d, J = 7.2 Hz, 0.11H), 5.88 (d, J = 10.0 Hz, 1H), 5.53 (d, J = 9.2 Hz, 1H), 5.14 (d, J =
8.8 Hz, 1H), 4.63-4.55 (m, 2.4H), 1.97 (s, 3H), 1.93 (s, 0.33H).

3C NMR (100 MHz, CDCl;) & 141.5, 138.6, 137.8, 131.61, 131.56, 128.7, 128.6, 128.44,
128.39, 128.37, 128.3, 127.9, 127.8, 127.6, 127.5, 126.8, 126.5, 123.2, 121.0, 94.1, 88.2, 79.1,
77.4,70.2,23.3.

HRMS (ESI"): calcd. For [C,5H2»ONa]” (M + Na)*: 361.1568, found: 361.1571.

n ()
Me

A\
PH O
(2)-1-Methyl-3-(1-(naphthalen-2-yl)-3,5-diphenylpent-2-en-4-yn-1-yl)-1H-indole (5N):
322.0 mg, 68% isolated yield, white solid, >20:1 Z/E, R (PE/DCM = 5:2) = 0.5.
'H NMR (400 MHz, CDCl;) & 7.89-7.81 (m, 1H), 7.79-7.71 (m, 5H), 7.58-7.52 (m, 4H),
7.42-7.40 (m, 2H), 7.35-7.23 (m, 7H), 7.21-7.17 (m, 1H), 7.02-6.97 (m, 2H), 6.83-6.77 (m,
1H), 6.01-5.98 (m, 1H), 3.69 (s, 3H).
C NMR (100 MHz, CDCls) & 140.9, 139.6, 138.1, 137.6, 133.8, 132.5, 131.8, 128.5, 128.3,
128.0, 127.9, 127.7, 127.5, 127.20, 127.17, 126.5, 126.4, 126.0, 125.6, 123.5, 123.3, 121.9,
120.2, 119.2, 116.8, 109.4, 96.2, 87.0, 44.9, 32.8.
HRMS (ESI): calcd. For [CaHasN]* (M + H)™: 474.2222, found: 474.2217.
TIPS
\ Ph N

Ph
OH ©O

Me

3-Hydroxy-1-(1-methyl-1H-indol-3-yl)-1,3-diphenyl-5-(triisopropylsilyl) pent-4-yn-2-one
(6): 44.2 mg, 55% isolated yield, brown viscous solid, dr = 7:1, R¢ (PE/EA = 20:3) = 0.3.
'"H NMR (400 MHz, CDCl;) & 8.16 (s, 0.14H), 7.96-7.94 (m, 0.14H), 7.90-7.88 (m, 1H), 7.75
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(s, 1H), 7.67-7.62 (m, 2.5H), 7.55-7.50 (m, 1.4H), 7.43-7.17 (m, 13.8H), 7.05-7.02 (1, 1.3H),
6.00-5.98 (m, 1.2H), 3.27 (s, 0.43H), 3.02 (s, 3H), 1.18-1.16 (m, 24H).

BC NMR (100 MHz, CDCl,) 8 199.5, 162.5, 140.7, 137.1, 136.9, 134.7, 132.7, 129.4, 129.2,
129.0, 128.9, 128.51, 128.49, 128.4, 128.3, 128.0, 127.9, 126.5, 125.4, 103.6, 98.6, 58.8, 34.1,
18.9, 11.5.

HRMS (ESI"): calcd. For [Cs5H4iNO,SiNa]™ (M + Na)*: 558.2804, found: 558.2806.

e
N
~—OH \
Me O Ph
- W
N\
PORARY.
N™ Yo NN Ph

1-((2R,4R,5S)-5-(Hydroxymethyl)-4-(4-((Z)-3-(1-methyl-1H-indol-3-yl)-1,3diphenylprop-
1-en-1-yl)-1H-1,2,3-triazol-1-yl)tetrahydrofuran-2-yl)-5-methylpyrimidine-2,4(1H,3H)-
dione (7): 49.8 mg, 81% isolated yield, white solid, >20:1 Z/E, R; (PE/EA =5:4) = 0.4.

'H NMR (400 MHz, CDCl;) § 9.98-9.95 (m, 1H), 7.50-7.45 (m, 1H), 7.39-7.32 (m, 3H),
7.29-7.1 (m, 12H), 6.94-6.92 (m, 1H), 6.81 (d, J = 10.0 Hz, 1H), 6.56-6.53 (m, 1H), 6.15-6.14
(m, 1H), 5.61 (d, J = 10.0 Hz, 1H), 5.27-5.23 (m, 1H), 4.36 (s, 1H), 3.85-3.82 (m, 1H), 3.66-
3.65 (m, 3H), 3.61-3.57 (m, 1H), 2.82-2.73 (m, 2H), 1.78 (s, 3H).

The spectroscopic data was in accordance with that reported in the literature.™
TIPS o)
\\ Ph
N

Ph o]
(2)-2-(1,3-Diphenyl-5-(triisopropylsilyl) pent-2-en-4-yn-1-yl) isoindoline-1,3-dione (8):
38 mg, 37% isolated yield, white solid, >20:1 Z/E, R¢(PE/EA = 20:1) = 0.3.

'"H NMR (400 MHz, CDCls) & 7.85-7.83 (m 2H), 7.75-7.73 (m, 2H), 7.71-7.69 (m, 2H), 7.52-
7.50 (m, 2H), 7.44 (d, J = 9.6 Hz, 1H), 7.39-7.23 (m, 6H), 6.83 (d, J = 9.6 Hz, 1H), 1.15-1.12
(m, 21H).

3C NMR (100 MHz, CDCls) § 167.9, 139.1, 137.1, 134.1, 132.3, 132.2, 128.8, 128.5, 127.9,
127.5,127.2,126.6, 123.4, 102.4, 100.5, 54.8, 18.8, 11.4.

HRMS (ESI): calcd. For [CaH3;NO,SiNa]* (M + Na)': 542.2491, found: 542.2491.

TIPS
\\ Ph
o)
PH
(2)-1,3-Diphenyl-5-(triisopropylsilyl) pent-2-en-4-yn-1-one (9): 46.6 mg, 80% isolated
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yield, yellow liquid, >20:1 Z/E, R¢(PE/DCM = 5:2) = 0.6.

'H NMR (400 MHz, CDCl,) § 8.05-8.00 (m, 2H), 7.87-7.81 (m, 2H), 7.59-7.53 (m, 1H), 7.50
-7.41 (m, 5H), 7.39 (s, 1H), 1.09 (s, 21H).

3C NMR (100 MHz, CDCly) 5 191.1, 138.2, 137.5, 133.5, 133.0, 129.8, 129.6, 129.01,
128.97, 128.7, 128.6, 127.2, 105.1, 103.6, 18.8, 11.4.

HRMS (ESIY): calcd. For [C,H330Si]" (M + H)™: 389.2301, found: 389.2305.

Unsuccessful examples

h Ph
\\ Ph / NH

Ph

(0]

Ph e] Me
\ Q1
Ph

MeQO

Ph OMe

P
Ph

/NH

) Phw Qj/KJ\
Ph PR Ph

2
Ph. S
\\_ QI
Ph
Ph
on |l
’ Z Sph
o
0 Ph o)
Ph
\ " \ \:)_C}E \ *
Ph
Ph Ph Ph
Ph
\\ Ph | =~ N‘;\’/Ilqe \—Ph)‘N \jNth
e _ —
N7 Ph Ph

Ph

h Me
N\
Ph
Ph. o-_Me
\\_ 9
Ph
0 Me
A\ Q1
— SH
Ph
™S
A
)\

7 X-ray crystallographic analysis
Method for single crystals growth: 2a (20 mg) was dissolved in ethyl acetate/hexane (v:v
= 1:4, 4 mL) in a vial at room temperature. The vial was properly sealed with parafilm and

kept at room temperature to allow the slow evaporation of the solvents until the single crystal
was appeared.
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PLATON-Jun 8 2:12:51 2025 - (20225)

Z -177 yzq_l

R = 0.07

50%
150K

RES= 0 -43 X

Table 1 Crystal data and structure refinement for YZQ _1.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o

o/

p/<
Y/
Volume/A®
Z
peacglem®
wmm™

F(000)

Crystal size/mm®

YZQ 1
(:32F125Pd
423.53
149.95(10)
triclinic
P-1
10.2035(6)
10.3335(8)
11.6404(8)
94.054(6)
105.675(5)
95.557(5)
1170.12(14)
2

1.202
0.524
448.0

0.15 x0.12 <0.1
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Radiation CuKa (A= 1.54184)

20 range for data collection/<7.93 to 149.54

Index ranges -8<h<12,-12<k<12,-14<1<14
Reflections collected 11437

Independent reflections 4464 [Rin = 0.0366, Rsigma = 0.0309]
Data/restraints/parameters ~ 4464/0/299

Goodness-of-fit on F? 1.047

Final R indexes [I>=26 ()] R;=0.0659, wR, =0.1775

Final R indexes [all data] R; =0.0758, wR, = 0.1856

Largest diff. peak/hole / e A®0.29/-0.24

Crystal Data for CsHxsN (M =423.53 g/mol): triclinic, space group P-1 (no. 2),a=
10.2035(6) A, b= 10.3335(8) A, c= 11.6404(8) A a= 94.054(6)<f= 105.675(5)<y =
95.557(5)SV = 1170.12(14) A%, Z= 2, T= 149.95(10)K, p(Cu Ka)= 0.524 mm™, Dcalc =
1.202 g/cms, 11437 reflections measured (7.93° < 20 < 149.54°), 4464 unique (R, = 0.0366,
Rsigma = 0.0309) which were used in all calculations. The final R; was 0.0659 (I > 2o(1))
and wR, was 0.1856 (all data).

Table 2 Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement
Parameters (A?x10%) for YZQ_1. U, is defined as 1/3 of the trace of the orthogonalised
U,; tensor.

Atom X y z U(eq)

Ny 1564.9(16) 7187.2(17) 6993.0(16) 46.4(4)
C, 6487.6(18) 7267.0(19) 4620.8(17) 38.6(4)
C, 6588(2) 8582.6(19) 4404.9(18) 43.4(5)
C 6656(2) 8943(2) 3301.2(19) 47.3(5)
C 6628(2) 8002(2) 2382.2(19) 48.2(5)
Ce 6552(2) 6702(2) 2599.4(19) 48.1(5)
Ce 6522(2) 6336(2) 3704.4(18) 42.3(5)
C 6281.0(19) 6843.5(18) 5761.7(17) 38.9(4)
Ce 6831.4(19) 5672.4(19) 6141.6(17) 38.9(4)
Co 7319.6(19) 4676.5(19) 6398.7(17) 39.8(4)
Cio 7863.6(19) 3472.8(19) 6658.8(16) 39.5(4)
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Table 2 Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement

Parameters (A?x10% for YZQ 1. Ueq is defined as 1/3 of the trace of the orthogonalised

U,; tensor.

Atom

7039(2)
7550(3)
8876(3)
9698(3)
9210(2)
5568.8(19)
5328.7(18)
6309.8(18)
5961(2)
6914(2)
8201(2)
8551(2)
7607(2)
2756(2)
3848.1(19)
3306.5(19)
3890(2)
3057(2)
1640(2)
1034(2)
1874(2)

212(2)

2413(2)
1242(2)
1103(3)
2141(3)
3320(3)
7488.0(19)
7129.3(18)
8066.4(18)
9256(2)
10132(2)
9810(2)
8610(2)
7740(2)
7368.0(19)
7096.6(17)
6717.1(17)
6331.8(19)
6024(2)
6093(2)
6459(2)
6780.3(19)

7429(3)
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6869.5(19)
7076(2)
7083(3)
6886(3)
6688(2)

6389.6(17)

7546.5(17)

8572.6(17)

8934.3(19)
9794(2)

10306.9(19)
9974(2)

9109.8(19)

6649.2(19)

7540.0(17)

8497.8(17)

9633.8(18)

10355(2)
9968(2)
8850(2)

8126.8(19)

6294(2)

U(eq)

49.5(5)
63.9(7)
76.4(9)
82.6(9)
59.7(6)
39.7(4)
37.5(4)
37.3(4)
44.8(5)
49.9(5)
49.9(5)
52.5(6)
45.9(5)
43.5(5)
38.0(4)
38.1(4)
43.2(5)
51.2(5)
56.8(6)
52.4(6)
42.7(5)

64.4(7)



Table 3 Anisotropic Displacement Parameters (A°<10% for YZQ_1. The Anisotropic

displacement factor exponent takes the form: -2a’[h%a*?U;;+2hka*b*Uy,+...].

Atom
Ny
Cy
C,
Cs
Cq
Cs
Cs

C7

Ull

32.8(8)
32.9(9)
45.7(11)
46.3(11)
47.5(11)
51.4(12)
42.9(10)
33.3(9)
34.6(9)
37.2(10)
38.4(10)
47.5(12)
88.9(19)
86(2)
47.4(14)
37.6(11)
37.4(10)
34.5(9)
33.9(9)
41.0(10)
56.0(13)
42.9(11)
34.0(10)
35.6(10)
39.7(10)

35.5(9)

Uz

47.8(10)
39.0(10)
37.5(10)
39.7(10)
52.0(12)
48.2(12)
37.6(10)

37.1(9)
42.3(10)
43.5(11)
42.6(10)
49.0(12)
42.2(12)
52.9(15)
72.2(19)
60.0(14)
36.4(10)

34.5(9)
37.8(10)
39.3(10)
37.5(11)
53.3(12)
63.2(14)
48.8(11)
40.4(10)

31.6(9)

Uss

51.2(10)
37.8(10)
41.5(11)
51.3(12)
41.7(12)
41.1(12)
42.9(11)
39.6(10)
36.8(10)
36.3(10)

33.3(9)
46.6(12)
50.4(13)
70.0(17)

110(2)
75.1(16)
40.3(10)
40.4(10)
37.8(10)
47.6(11)
50.0(12)
44.7(12)
52.4(13)
49.7(12)
44.5(11)

42.1(10)

S37

U

-0.6(8)
-4.2(7)
-5.1(8)
3.7(9)
3.9(9)
-5.3(9)
-2.9(8)
-4.5(7)
-1.9(8)
-2.1(8)
-1.1(7)
-2.3(9)
0.3(10)
-0.8(12)
-9.5(16)
-1.9(12)
-1.8(8)
-2.9(7)
-0.5(7)
-1.9(8)
-6.2(9)
-6.9(9)
-4.8(10)
-5.4(9)
-2.2(8)

-6.9(7)

Uis
0.8(7)
1.9(7)
5.6(8)
7.1(9)
7.79)
9.1(9)
7.4(8)
1.6(7)
7.1(8)
8.5(8)
3.7(7)
7.9(9)

5.5(12)
-18.9(14)
-9.4(14)
6.3(10)
3.3(8)
5.9(7)
8.0(7)
2.5(8)
8.1(10)
4.8(9)
2.4(9)
7.6(8)
3.7(8)

5.2(8)

Up,

5.3(7)
3.6(7)
3.3(8)
2.8(8)
3.1(9)
6.2(9)
5.7(8)
2.1(7)
2.9(8)
3.9(8)
5.8(8)
0.4(9)
0.7(12)
30.7(14)
24.6(13)
8.1(10)
6.3(7)
6.7(7)
1.3(7)
6.5(8)
2.9(9)
-7.7(9)
2.8(9)
7.9(8)
4.5(8)

4.2(7)



Table 3 Anisotropic Displacement Parameters (A°<10% for YZQ_1. The Anisotropic

displacement factor exponent takes the form: -2a’[h%a*?U;;+2hka*b*Uy,+...].

Atom

C26

Ull

35.1(9)
41.0(10)
51.4(12)
51.8(13)
36.0(10)
36.2(10)

38.6(12)

Uz

29.8(9)
40.0(10)
50.1(12)
58.4(14)
50.5(12)
36.8(10)

73.5(17)

Table 4 Bond Lengths for YZQ_1.

Atom Atom
Nl C24
Ny Ca
Nl C32
Ci C
Ci GCg
C: C
C, GC;
C;: C4
Cs GCs
Cs GCs
C; GCg
G, Co
Cse GCy
C9 ClO
ClO Cll

Length/A

Atom

1.379(3) Cu

1.377(3) Cus

1.455(3) Cy

1.399(3) Cy

1.395(3) Cis

1.488(3) Cis

1.380(3) Cuo

1.386(3) Cao

1.383(3) Cax

1.381(3) Cy

1.431(3) Cu

1.348(3) Cos

1.208(3) Co

1.429(3) Cos

1.393(3) Cy

Uss

44.5(10)
43.1(11)
49.2(12)
59.9(14)
66.4(14)
49.4(11)

71.0(16)

S38

Uz
-7.7(7)
-4.2(8)

0.2(9)
-3.0(11)
-7.8(10)

-5.4(8)

7.0(13)

Length/A
1.372(4)
1.497(3)
1.539(2)
1.506(3)
1.381(3)
1.388(3)
1.394(3)
1.372(3)
1.381(3)
1.389(3)
1.369(3)
1.434(3)
1.399(3)
1.417(3)

1.378(3)

Uiz

5.6(8)
4.5(8)
11.4(10)
20.9(11)
12.0(10)
5.6(8)

-2.8(11)

Up,

4.9(7)
5.8(8)
2.3(9)
-4.5(10)
1.5(9)
2.5(7)

10.4(11)



Table 4 Bond Lengths for YZQ_1.

Atom Atom

Cis
Cr
Cis

Cua

Atom

1.389(3) Cos
1.375(3) Cao

1.372(4) Cs

Table 5 Bond Angles for YZQ _1.

Atom Atom

N1
N1
N1
Cy
Cy
Cy
Cz
Cs
Cs
Cs
Ce
C7
C7
Cr

Ce

Angle/®
125.8(2)
108.68(16)
125.49(19)
122.04(17)
117.94(19)
119.96(18)
120.95(18)
120.4(2)
119.1(2)
120.71(19)
120.76(19)
116.44(17)
122.48(18)
121.03(18)
176.0(2)
177.7(2)
120.30(18)
121.29(19)
118.4(2)

120.2(2)

Atom

Length/A

1.403(3)
1.379(3)

1.388(3)

Atom Atom Atom

S39

Angle/°

108.13(15)
112.69(16)
113.28(15)
121.77(17)
118.92(17)
119.24(17)
120.41(19)

120.3(2)
119.84(19)

120.0(2)
120.52(19)
110.42(19)
128.82(19)
106.19(17)
124.96(17)
133.85(18)
118.76(19)
107.39(17)
119.12(19)

121.1(2)



Table 4 Bond Lengths for YZQ_1.

Atom Atom

Table 6 Torsion Angles for YZQ_1.

A
Ny
Ny
Ci
Ci
C,
C,
C,
C,
Cs
o
Cs
Cs
Cs
Cy
Cy
Cs
Cs

Ce

B CD
C24Cp5Ca7
C24Ca5Cos
C, C; Cy
C7 C1sCy7
C: G5 Cs
C: C; G
C1 C7 Cue
C; C4 Cs
Cys Cs Co
Cs Cs C;
C: C, C3
C: C; G
C1 C7 Cue
C: C, C3
C: G5 Cs
C16C17C1s
C16C17Cos

C7 C16 C17

Length/A Atom  Atom

1206(2)  Csx Cao

119.6(2)  Cyp Cuo

1206(3) N; Cay

12052 N; Cay

12555(18)  Cs Ca

Angle/ A BCD Angle/*
178.38(17) Cy7Cas CosCor 1.93)
0.3(2) CCuCapCa  -178.21(16)
0.0(3) CisCy7Cas Cas 121.9(2)
-179.43(17) Cy5C17Cas Cas -60.3(2)
-3.3(3) C18C19Cx%Cx -1.2(3)
-150.75(18) CioCisCysCas 1.7(3)
31.8(3) Ci6CaoCo1Coo 03(3)
-2.4(3) C0C21CpCo3 0.8(4)
2.0(3) Cy1Cx%Cy3Cyg 0.2(3)
0.9(3) C3C15C19Cx0 2.2(3)
2.9(3) CpuN; Ca1Cos 0.4(2)
32.3(3) CpuN; Ca1Cao 1179.2(2)
-145.14(19) Cy4Cas 6 Car 1179.9(2)
-174.17(18) Cy4Cas s Cay 0.0(2)
173.80(18) CasC17C1sCo :38.1(3)
102.6(2) CsC17CisCps  145.19(19)
-131.43(19) CysCy6Cy Cag 180.0(2)
3.3(3) CusCosCar Ny 0.3(2)

5S40

Length/A

121.1(2)
117.8(2)
107.31(18)
130.64(19)

122.0(2)



Table 6 Torsion Angles for YZQ_1.

A BCD
Cy C10C11Cyp
Cy C10C15Cus
C10C11C12Cys
C11C10C15Cuq
C11C12C13C14
C12C13C14Cys
C13C14C15Cao
C15C10C11Caz
C16C17C18Cao
C16C17C18C23
C16C17Co5Cos
C16C17C25Cs6
C17C18C19Cyx

C17 C18 C23 C22

Table 7 Hydrogen Atom Coordinates (A=10*) and Isotropic Displacement Parameters

Angle/

A B CD Angle/*

177.62(19) Cu5C26C31Cso

-1771(2) Czs C27 C28 C29

0.3(4) C27C2%Ca1N;

1.8(4) C,7C2Cs1Ca

02(4) C27 C28 ng C3O

03(5) ng ng C30 C31

'13(4) C29 C30 Csl Nl

-13(3) ng C30 C31 C26

875(2) C31 N1 C24C25

-892(2) C31 Cze C27 C28

-13(3) C32 Nl C24C25

176.49(16) C3»N; Ca1 Cog

-174.45(19) C3N; C31Cy

175.0(2)

(A?x10°%) for YZQ_1.

Atom
H>
Hs
Ha
Hs

He

6608.71

6723.27

6640.2

6591.18

6504.61

6120.5

6980.12

9222.09

9237.72

9840.74

8246.71

6053.29

5439.87

2498.85

521.7

289.85

41

179.43(18)
-0.1(3)
179.65(16)
-0.7(3)
0.6(4)
-1.1(3)
-179.2(2)
1.23)
-0.4(2)
0.1(3)
177.6(2)
-177.6(2)

2.7(4)

5026.95

3170.63

1613.43

1981.86

3842.18

6870.38

7215.49

7224.23

52

57

58

58

o1

59

7

92



Table 7 Hydrogen Atom Coordinates (A=10*) and Isotropic Displacement Parameters

(A?x10°) for YZQ 1.

Atom X

Hl4

10614.45

9797.15

5186.94

5589.67

5065.13

6670.97

8850.65

9438.39

7850.97

2810.08

4847.73

3447.74

1090.31

73.26

-307.79

308.14

-274.77

2044.59

4038.66

8233.06

6229.24

9478.89

10954.8

10410.31

8380.41

6914.68

7642.26

6283.14

5759.95

5883.59

6491.37

6602.74

8037.32

7808.1

542

6886.85

6568.78

6071.01

7660.68

8594.59

10026.75

10889.86

10335.06

8885

5899.83

9904.85

11126.36

10486

8582.93

5876.21

5705.21

6829.88

99

72

48

45

54

60

60

63

55

52

52

61

68

63

97

97

97



8 'H, ®C NMR and HRMS characterization data
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HRMS spectrum

Elemental Composition Report Page 1

Single Mass Analysis

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

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

1361 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:31-31 H:24-24 N:0-50 0O:0-50 Na:0-3

32

250109-11-723-2-11 28 (0.090) 1: TOF MS ES+
2.04e+004
10 410.1912
%
411.1921
409.1783 4101560
408.3009408 4088 _409.3129 - 410.2892410.5804 4112795 411.6003411.8928 )
LR B B B e 0 B e e s e e e e s e e 114
408.00 408.50 409.00 409.50 410.00 410.50 411.00 411.50 412.00
Minimum: -L5
Maximum: 2.0 10,0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula
410.1912  410. 1909 0.3 0.7 20.5 209.8 n/a n/a C31 H24 N
PO MO0 - 00 @O0 OO ®MOe O ® NN NN
[ e e e e A e e R NG GEGRU AT
Sy, (e N
Ph
\\ Ph / NH
Ph
Br
2b
"H NMR, 400 M, CDCl,

P T e
Qoo OoO®m D
QN 40 0O
e ON = O

T
10.0 8.5 9.0 B85 B0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 30 25 2.0 L5 Lo 0.5 0.0
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£1 (ppm)
HRMS spectrum
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance =5.0 mDa / DBE: min=-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used fori-FIT =3
Monoisotopic Mass, Even Electron lons
2708 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:31-31 H:23-23 N:0-50 0:0-50 Na:0-3 Br:1-3
32
250109-11-723-2-10 21 (0.077) 1: TOF MS ES+
8.81e+002
100 488.1015
%
0 m/z
487.700 487.800 487.900 488.000 488.100 488.200 488.300 488.400 488.500
Minimum: -1.5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula

488. 1015 488. 1014 0.1 0.2 20.5  24.7 n/a n/a C31 H23 N Br

545
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Elemental Composition Report

Single Mass Analysis

HRMS spectrum

Tolerance = 5.0 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
1567 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:

C:32-32 H:26-26 N:0-50 O:0-50 Na:0-3

32
250109-11-723-2-8 26 (0.086)

10

438.2993 438.6346 438.8500 439,2802439.8655440-155%

Page 1

1: TOF MS ES+
1.68e+004

440.2011

439.1917

441.2108
" 441.2581
<

0y
438.00

438.50

Minimum:
Maximum: 5.0

mDa
-0.3

Cale. Mass
440. 2014

Mass
440. 2011

773
771
757
756
755
754
745
744
7.39
737
737
736

736
735
724

440.3736 440.8707.441.1711
actdboRusis LIRS
440.50 441.00

441.9048
R o

442.00

439.00 439.50 440.00

44150

-1.5
10.0  50.0
Conf (%) Formula
n/a €32 1126 N O

PPM
-0.7

DBE
20.5

i-FIT
237.6

Norm
n/a

584
—250

3732
7.30
726
725
7.00
598
695
587

2d
"H NMR, 400 M, CDCl,

miz

1.00 - ———
b—
R | e —

2.0
=220

%
=
ra
o
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200 190 180 170 160 150 10 120 120 10 100 % 80 7 8 50 s 2 20 10 0
£1 (ppm)
HRMS spectrum
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 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
1459 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:32-32 H:26-26 N:0-50 0:0-50 Na:0-3
32
250109-11-723-2-4 27 (0.088) 1: TOF MS ES+
3.91e+004
10 424.2063
%
425.2088
423.1936
4241672
0 422.2849 4226699 4232719 424.3380 4251681 | 4262892 5 7534425.9021 e
422I.00 ! 422I.50 ' 423‘_00 423‘_50 424I_00 ' 424I_50 I 425|_OD I 425|_50 I 425I_00 '
Minimum: -1.5
Maximum: 2.0 100 50.0
Mass Cale. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula
424. 2063 424. 2065 -0.2 -0.5 20.5 2651 n/a n/a C32 H26 N
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HRMS spectrum

Elemental Composition Report

Single Mass Analysis
Tolerance = 5.0 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

1306 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C: 32-32 H:24-24 N:0-100 O:0-100 Na:0-2

7

250403-12-761-2-YQZ-25 14 (0.143)

100 454.1804

4
% 455.1838

456.1843

440.1647 451.1569

423.1607 437.1932

460.1612

468.1599470.1747 476.161 747& 1454

Page 1

1: TOF MS ES+
8.90e+006

431.2097 miz
4250 430.0 435.0 440.0 4450 450.0 455.0 460.0 465.0 470.0 475.0 480.0
Minimum: -1.5
Maximum: 5.0 100 50.0
Mass Cale. Mass mDa PPN DBE i—FIT  Norm  Conf (%) Formula
454. 1804  454. 1807  -0.3 -0.7 21.5 1197.6 n/a n/a €32 H24 N 02
OO0~ O OO~ OWNM—O OO0 O
hhhhhhhhh;hh:hh;l}hhhhhhhhhhh(ﬁ
Ph
Me
\\ Ph / s
Ph
2f
'H NMR, 400 M, CDCl,4
WA A

1
¥
¥
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HRMS spectrum
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 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
1608 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:32-32 H:25-25 N:0-50 O:0-50 Na:0-3
25
250109-11-723-2-1 20 (0.075) 1: TOF MS ES+
2.98e+002
10 446.1879
%
0 mfz
445.800 445.900 446.000 446.100 446.200 446.300 446.400 446.500 446.600
Minimum: -1.5
Maximum: 2.0 10.0 50.0
Mass Cale. Mass mDa PPM DBE iFIT  Norm  Conf (%) Formula
146. 1879 446. 1885 -0.6 -1.3 20.5 2L.3 n/a n/a €32 H25 N Na
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HRMS spectrum

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 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
2235 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:38-38 H:29-29 N:0-50 0O:0-50 Na:0-3
32
250109-11-723-2-9 33 (0.100) 1: TOF MS ES+
3.42e+003
10 522.2201
523.2162
%
514.2176 516.2339 524.2250
517.2302 530.2277 534.2001
536.8429

520.8080 25.2219 528.9886

520.0 5225 525.0 527.5 530.0 532.5 535.0 5375

507.2527
miz

0
505.0 507.5 510.0 5125 515.0 517.5

Minimum: -1.5

Maximum: 3.0 10.0  50.0

Mass Cale. Mass mDa PPM DBE i-FIT  Norm Conf (%) Formula
522.2201 522, 2198 0.3 0.6 24.5 189.7 n/a n/a C38 129 N Na

M T ONOON O DOOM MO OO0 a) — ) L
L e e e el o o e e e el Ll LN S S o e S (el (e I s "o T N Te ] o
R L |
Ph
Cbz
\\Ph /N/
Ph
MeO
2h
'"H NMR, 400 M, CDCl,
\
I
o T
[ o ] w
o o o
— ™ o
X 6.5 6.0 5.5 50 4.5 4.0 35 3.0 2.3 2.0 L3 Lo 0.5 0o

S53



—156.03
131.75
128.90

|

128 86
12878
12870
12850
12858
12825
12816

—113.40

—103.05

— 9645

—86.50
77.48
7716
7684

68569

/
\

—5564
—44 54

MeO
2h

13C NMR, 100 M, CDCl,

T T T T T T
200 190 180 170 160 150

T T T T T T
140 130 120 110 100 80

80 0 B0 b0 40 30 20 10 0
£1 (ppm)
HRMS spectrum
7
250403-12-761-2-YQZ-27 21 (0.210) 1: TOF MS ES+
100+ 596.2206 2516
381.2974
293.1327
=
597.2235
338.3418
382.3007
574.2388 954.5280
215.0857
612.1959 9555300
283.2255 530.2488 664.2858
1259868 213.0708|217-1065 443.2683 6652004 7396071 8663609 926.5009]36:53%0
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HRMS spectrum

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 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
2041 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:38-38 H:28-28 N:0-50 0:0-50 Na:0-3 K:1-1 F:1-1
32
250109-11-723-2-12 39 (0.111) 1: TOF MS ES+
5.03e+004
10 556.1838
% 557.1878
558.1870
540.2083
. 517.2126 531.4813 L, 550.2197 5595190 572.4797575-5009  ggg 1917 6002178 8041626
L L e o e e e L B o B e o B e e e R
510.0 520.0 530.0 540.0 550.0 560.0 570.0 580.0 590.0 600.0

Minimum: -1.5
Maximum: 2.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i—FIT  Norm  Conf (%) Formula
5b6. 1838 556. 1843 -0.5 -0.8 24.5 33L.6 n/a n/a C38 HZ8 NK F
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£1 (ppm)
HRMS spectrum
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 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
1504 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:33-33 H:25-25 N:0-100 0O:0-100 Na:0-2
7
250403-12-761-2-YQZ-24 13 (0.135) 1: TOF MS ES+
7.66e+006
10 490.1784
9
’f“ 491.1816
2021847 506.1544
ol 243253 45314710 4681958 4821763 490.114 ] 071577 5221660 5204107 5381667
AL S BLLELELN S LRI WAL AL NI UL SLALIEL WL NI WL B DU SR LI WAL SR WAL
445 450 455 460 465 470 475 480 485 490 495 500 505 510 515 520 525 530 535 540
Minimum: -1.5
Maximum: 2.0 10.0 50.0
Mass Cale. Mass mba PPM DBE i—FIT  Norm  Conf (%) Formula
490. 1784 490. 1783 0.1 0.2 21.5  1039.2 n/a n/a C33 H25 N 02 Na
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HRMS spectrum

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 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
1035 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:27-27 H:22-22 N:0-50 O:0-50 Na:0-3
3
250109-11-723-2-6 34 (0.101) 1: TOF MS ES+
6.31e+004
10 360.1756
Yo
361.1789
362.1828
o1 2P a5 600 31228 aszaris 358.1606 366.2243 3711608 _ 3741575 3751564
| Y L I A I I A L L A L I L L I
342.5 345.0 3475 3500 3525 355.0 357.5 360.0 3625 3650 3675 370.0 3725  375.0
Minimum: -1.5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula
360. 1756 360. 1752 0.1 1.1 17.5 298.0 n/a n/a C27 H22 N
T OMO N DD — 000 0 S oo) — ~ ~NO
M~ QW INW ST T OO 0000 N0 O » ©o©
[ S S N S S S S S S S S S S S e N (o) wn W
it N I N
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HRMS spectrum
Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 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

3565 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:50-50 H:38-38 N:0-50 O:0-50 Na:0-3

32

250109-11-723-2-5 36 (0.105)

1: TOF MS ES+
1.64e+005

.8607
T miz

0 652.3004
653.3038
%o
649.2766 654.3082

ol 6348844 pa2.2008 6432872 0482687 | | [ es7.2350 B64.2623  666.2787557.2841 659
B 2 S0 8 2 i WU W L O S PR = £ A MY L
635.0 640.0 645.0 650.0 655.0 660.0 665.0 670.0

Minimum: -1.5

Maximum: 5.0 100 50.0

Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula
652. 3004  652. 3004 0.0 0.0 32.5 421.0 n/a n/a C50 H38 N
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HRMS spectrum

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 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

1596 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:31-31 H:28-28 N:0-50 0:0-50 Na:0-3

32

250109-11-723-2-7 36 (0.105)

446.2123

468.1940

484.1682

444.1966

3721724

386.1886 414.1852

A87.1686 516.1796 536.1790

Page 1

1: TOF MS ES+
7.18e+00£

5863168 °299.2886

562

0 m/z
360 380 400 420 440 460 480 500 520 540 580 600
Minimum: -1.5
Maximum: 5.0 100 50.0
Mass Cale. Mass mDa PPM DBE i~FIT  Norm Conf (%) Formula
446. 2123 446. 2120 0.3 0.7 18.5 642.9 n/a n/a C31 128 N 02
MOOON- T MO~ OONdN OMmOoOO «— M w —
F-OOOOOITITIITTOOMMOOAO ONNN M-~ O T3] ™
[ S S S ) S L S S A S S T N (e I (s R (e W (e R (e R Te W o] =T o™
e N T TN | ‘
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~— N — ~ [aN o) (=] ~
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HRMS spectrum
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance =5.0 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
1350 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:28-28 H:22-22 N:0-50 0O:0-50 Na:0-3
25
250109-11-723-2-2 25 (0.084) 1: TOF MS ES+
1.48e+005
10 413.1520
Yo
411.1364 24141546
412.1399
s 403.1169 405.1090 407.1206 4983077 | 415.1573 417.1383 419.1657 421.1512 424.3051.425. 1146 425.9015
A I B L L A LA E e L e AASLRaAsas=tEc s Lol Ly S St
400.0 4020 4040 4060  408.0 4100 4120 4140 4160 4180 4200 4220 4240 426.0
Minimum: -1.5
Maximum: 5.0 100 50.0
Mass Cale. Mass mDa PPM DBE i-FIT Norm Conf(%) Formula
413. 1520 413. 1517 0.3 0.7 17.5  482.7 n/a n/a €28 H22 02 Na
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HRMS spectrum

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance =5.0 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
2933 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:28-28 H:22-22 N:0-50 0:0-50 Na:0-3 S:1-3
32
250109-11-723-2-3 54 (0.140) 1: TOF MS ES+
1.71e+002
100 413.1338
%
0 T T T T T T T T T T T T T T T T m/z
412.800 412.900 413.000 413.100 413.200 413.300 413.400 413.500
Minimum: -1L5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PP DBE i-FIT  Norm Conf (%) Formula
413. 1338 413. 1340 -0.2 -0.5 17.5 196 n/a n/a (28 H22 Na S
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HRMS spectrum
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance =5.0 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
4255 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:29-29 H:24-24 N:0-50 0:0-50 Na:0-3 S:14
250115-20-728-3-YQZ-13 30 (0.082) 1: TOF MS ES+
3.30e+005
100 443.1443
% 459.1187
437.1936
421.1616 4601221
318.2991 340.2829 374.3020 3843078 475.1259 5125035 2252025 55 5303

300 320 340 360 380 400 420 440 460 480 500 520 540

Minimum: -1

1.5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPy DBE i-FIT Norm Conf (%) Formula
443. 1443 443. 1446 -0.3 -0.7 17.5 5457 n/a n/a (29 1124 0 Na S
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HRMS spectrum

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance =5.0 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
2117 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:33-33 H:25-25 N:0-100 0O:0-100 Na:0-2 S:1-2

7
250403-12-761-2-YQZ-17 8 (0.092) 1: TOF MS ES+
8.16e+005
100 453.1678
%
454.1719
455.1706
. 440.2062 443.3365.444.1147 446.2554 447.2976 449.2641 453.1096 456.1731 480_]2715481.2691 465.1389 487,1159“[2
R L o N e o L B o o A M e o s L L e L e L L
440.0 4420 444.0 446.0 448.0 450.0 452.0 454.0 456.0 458.0 480.0 462.0 464.0 46
Minimum: -1.5
Maximum: 3.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf(%) Formula
453. 1678 453, 1677 0.1 0.2 2.5 934.0 n/a n/a C33 H25 S
O~ N— OO~ TOON - OQOO®M— OO ™
F-OOQONOIIITTITTT TN OO0 0@ 0
P P e B B e P P B B P e B P P B B P e (0 GO (D GO0 W0
P e
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Ph
\\ Ph S
Ph
2r
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h
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o
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10.0 9.5 9.0 8.5
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HRMS spectrum
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance =5.0 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
4583 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:33-33 H:24-24 N:0-100 0:0-100 Na:0-2 S:1-2 Br:14
7
250403-12-761-2-YQZ-18 22 (0.218) 1: TOF MS ES+
3.73e+004
100 531.0770 532.0731
33.0747
530.0674
%o
536.1711
5200857 534.0732
524.2036 536.1426| 537 1663  538.1630539.2794
- 526.3080 527.4843
0 miz
524.0 526.0 528.0 530.0 532.0 534.0 536.0 538.0 540.0
Minimum: -1.5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Normm  Conf(%) Formula

531.0770  531.0782 -1.2 -2.3 2.5 TI1T.6 1n/a n/a C33 H24 S Br
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HRMS spectrum

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 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
1131 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:30-30 H:24-24 N:0-100 0O:0-100 Na:0-2

7
250403-12-761-2-YQZ-19 21 (0.210) 1: TOF MS ES+
2.17e+006
10 4231724
Yo
4241760
4251805 439.1562
3932115 397 27253099.2623 4093307 415.2395 4231227 ) 431.2150 _443.2685 4531496 4502464
I o e e e S L e o o o o o o e S  HEL B e e s A
90.0 400.0 410.0 420.0 430.0 440.0 450.0 460.0
Minimum: -15
Maximum: 5.0 100 50.0
Mass Calc. Mass mDa PPM DBE i—FIT  Norm Conf (%) Formula
423.1724  423. 1725 -0.1 -0.2 185 98L1 n/a n/a €30 H24 0 Na

CTOWTONDINNOORDN® OO G D [a =] P~ < 4
O~ OO OEQWDWWNWN T T T T T O [N @ @ w -~
O e e e e e S e R e e =R ] [FoTe} ~ T
) N [ i
Ph
|| Ph
Ph O
Ph
1
H NMR, 400 M, CDCl,
I
|
1
i
1
P‘F"\’—'i T i Ll
W = = O o ay fed
Ay < ax Q
™NWO ~— ~— -~ (=] o~
T T T T T T T T T T T T T T T T T T T T T
10,0 8.5 8.0 8.5 B.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 30 2.5 2.0 L3 Lo 0.5 0.0
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HRMS spectrum
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance =5.0 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
1590 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:36-36 H:28-28 N:0-100 O:0-100 Na:0-2
7
250403-12-761-2-YQZ-20 16 (0.161) 1: TOF MS ES+
5.40e+006
100 499.2036
% 500.2068
515.1799
307.2725 4152367  437.19424432687450.2375 2991364 161840 5471910 571.43p1 584.1839 6192263
B L L B L B L L R B L B R B Lt B Rl L e L Sl Al Al L) Al ) Al L) L] L) L L k] KA Ul L) Ll L L L Ll
390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 5EI30 ' 5%0 ' 580 590 600 610 620
Minimum: -1.5
Maximum: 3.0 10,0 50.0
Mass Cale. Mass mDa PPM DBE i-FIT Norm Conf(%) Formula
499. 2036 499. 2038 -0.2 -0.4 225 10459 n/a n/a (36 H28 0 Na

572



@ @ .
: o
n - O o
@) - a B
o) @)
Q L Ms L=
= o
[>)
(@] o O ko (o) o 2 3]
n 2 o
~ 24
% a4 e o M s
_ S T z
g T - E Z = & e
o «
h =z lH - z
£ L l9se— & - R
PEOLY )
| - 8Ll - | o
e S s
VZ 5L
sy ehoa’ L=
99'pL - _ J N
sy ) Foe i 09'95—
Zip =k L2
& 85 1Z1 =
= 08221
£L5TH =
: © AP zL =
247G~ R : )
o - F zol 29921
8.3 = 5.2 L5
z58zl
658Z4 . _
859+, R O z98zLf ) = L2
pei9” ook RN |
. 88zl
MMM. L= 99621 r3
gl . - 19 1EL
. ) LoLel -
6L — gobthLE 0L gEl r2
BEL —ree ey
oF'L |+ s0¢ e -
Lrd Fo LB 0P &
2
VL .
S o g
PrL
Py L - o
sFL = [=
i
S5 | o s
95, E 2
zL
il = =

£l (ppm.

S73



HRMS spectrum

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
37 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:
C:14-31 H:1-60 0:1-3 Br:1-3
48
250511-2-57 34 (0.325) 1: TOF MS ES+
8.03e+001
100 479.1009 479 1591
479.0484
% 479.0367
0 T T T T T T T T T T T T T T T T T T m/z
478.60 478.70 478.80 478.90 479.00 479.10 479.20 479.30 479.40 479.50 479.60
Minimum: -1.5
Maximum: 5.0 100 50.0
Mass Calc. Mass mDa  PPM DBE  i-FIT Norm Conf (%) Formula
479. 1009 479. 1011 -0.2 -0.4 185 359 a n/a C30 H24 0 Br
TONODON—OMNODOUODOD—O WO ®OFT NN O™ v~ O~
M NODD DT TEOMOMONN == 00 ao o
L el ) S o Sl L i Sy S N S e S e S s W Y Yol TeY < <
i | e N e
OPh
Ph
\ Ph
\ o}
Ph
3d
'"H NMR, 400 M, CDCl,
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NN~ TN e (o] o™~
00 95 a0 &5 80 75 10 &5 &0 55 50 45 40 a5 30 25 20 L5 L0 05 0.0
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HRMS spectrum
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance =5.0 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
1681 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:36-36 H:28-28 N:0-100 ©O:0-100 Na:0-2
7
250403-12-761-2-YQZ-23 17 (0.169) 1: TOF MS ES+
1.12e+007

100 515.1987

516.2017
%

517.2045
471 2295497.2259 5151207 32.1800 571.1299

415.2378 443.2689

585.2621603.2670 _625.2542  041.3803

0 miz
400 420 440 460 480 500 520 540 560 580 600 620 640
Minimum: -1.5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm Conf(%) Formula
o15. 1987  515. 1987 0.0 0.0 22,5  985.1 n/a n/a (36 H28 02 Na
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HRMS spectrum

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 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

1424 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:34-34 H:26-26 N:0-100 0O:0-100 Na:0-2

7

250403-12-761-2-YQZ-21 17 (0.169)

100 473.1884

4741918 4891731

490.1765

473.1234|| 475.1951

415.2390 4371976 443 2500

Page 1

1: TOF MS ES+
7.18e+006

521.1794 543.4280 557.4468

miz

400 410 420 430 440 450 460 470 480 490 500 520 530 540 550 560
Minimum: -1.5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula
473. 1884  473. 1881 0.3 0.6 21.5  1030.1 n/a n'a (34 H26 0 Na
OO -0 DO TANTTOODONOTANNOMNOTNCTODNDVDOTOOOULULMOANNTOD®OFTM—
NKNNOOUOLBUVWVITITIITNNMMNMOMIMMUVWOOOOOCOOINNITTNONNNNNNT -« v « «
MNNANNMNMNMNMNMMMAMNMAMNMNMNMMMAMMNMMNMMNMNMNMNNOOOOOOOOOOLLLLLLLLLOLWOS T T TS
e P ) N i
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\\ Ph /—/
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|
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1
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SEB N d %v'd gT ‘&
-oodq S @ & 99 =
N NN O - o - - N
T T T T T T T T T T T T T T T T T T T T
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£1 (ppm)
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HRMS spectrum
Elemental Composition Report Page 1

Single Mass Analysis

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

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

871 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:26-26 H:22-22 N:0-100 O:0-100 Na:0-2

7
250403-12-761-2-YQZ-26 15 (0.152) 1: TOF MS ES+
2.50e+005
100 373.1566
%
374.1612
376.3185
368.1758 369.2379 3711007 372.2668 375.1693 3773198 3782922 3792874 379.8033
0 miz
368.0 369.0 370.0 371.0 372.0 373.0 374.0 375.0 376.0 377.0 378.0 379.0 380.0
Minimum: -1.5
Maximum: 5.0 10,0 50.0
Mass Cale. Mass mDa PP DBE i-FIT  Norm Conf(%) Formula
373. 1566  373. 1568 -0.2 -0.5 155 12284 n/a n/a (26 H22 0 Na
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HRMS spectrum

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 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
1279 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:32-32 H:26-26 N:0-100 0:0-100 Na:0-2

7

250403-12-761-2-YQZ-15 17 (0.169) 1: TOF MS ES+
1.40e+006

100 449.1882

%

450.1916

443.2686 444.2766 447.2698 449.1351

438.1939 4411825 4511981 4534735 4553424 982365 4592434

0 m/z
438.0 440.0 4420 444.0 446.0 448.0 450.0 452.0 454.0 456.0 458.0
Minimum: -1.5
Maximum: 2.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula
449, 1882 449, 1881 0.1 0.2 19.5 963.7 n/a n/a (32 H26 0 Na

NNOOMDOULMOHMNTOODONNOL «— OV - D OIFTNOOLM«—O T N O
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f1 (ppm)
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£1 (ppm)
HRMS spectrum
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
13 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:
C:25-31 H:1-60 0O:1-12
48
250511-2-55 52 (0.487) 1: TOF MS ES+
1.08e+002
10 339.1389
339.1747
% 339.2074
L I S B L L L L L L L ) SO L A B B W14
338.800 338.900 339.000 339.100 339.200 339.300 339.400 339.500
Minimum: -1.5
Maximum: 2.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm Conf(%) Formula
339. 1747 339.1749 -0.2 -0.6 145 314 n/a n'a €25 H23 O
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HRMS spectrum

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 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
1208 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:31-31 H:26-26 N:0-100 0:0-100 Na: 0-2
7
250403-12-761-2-YQZ-14 15 (0.152) 1: TOF MS ES+
9.89e+006
10 437 1877
Y 438.1910
439.1941
o 14212598 4230035 427.2977 431.2092 43734 443.2686 a4 2733 72732 4sio1m
420.0 422.5 425.0 427.5 430.0 432.5 435.0 437.5 440.0 4425 445.0 447.5 450.0 452.5
Minimum: -1.5
Maximum: 5.0 10,0 50.0
Mass Calc. Mass mDa PPM DBE i-I'IT  Norm Conf (%) Formula
437. 1877 437 1881 -0.4 -0.9 185 10588 n/a n/a C31 H26 0 Na
LOTOMOULONNOLITONTTONO O M © © LONTONOLTO—OOM—
COEOUWBITNMOMONOONNN T X ¥ ©© VHDOONNNNNNO OO
MNMANMNMNMNMNMNMNMNMNMNMNMNNMNNMNNMNNDNDN O n v MOOMOMMOM®OMNHMONNN
T i | = N N T
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Ph
\ Ph
N S
Ph
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10‘.0 ‘?‘5 9‘40 8‘.5 8‘.0 7‘,5 7‘.0 6‘,5 6‘.0 5‘45 5‘,0 4‘.5 4‘,0 3‘.5 3‘40 2‘.5 2‘.0 1‘,‘5 1‘.0 0‘45 0‘.0

f1 (ppm)
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2‘00 1‘90 1‘230 1‘70 l‘ijl) 1‘50 1‘40 1‘30 1‘20 1‘10 l‘()() 5;0 8‘0 7‘0 t;() 5‘0 li() 3‘0 é() 1‘0 ‘0
£1 (ppm)
HRMS spectrum
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance =5.0 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
3802 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:31-31 H:25-25 N:0-100 0:0-100 Na:0-2 CI: 1-4
7
250403-12-761-2-YQZ-28 16 (0.161) 1: TOF MS ES+
6.45e+006
100 471.1495
% 473.1478
487.1320
A74.1507
3972718 415.236 4371922432689 471.0859 |~ ‘ A89.1297 503.1251 5204135 5434299 5574434
e A L e N L M A e B L L L e e e e
390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560
Minimum: -1.5
Maximum: 5.0 10.0  50.0
Mass Cale. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula
471 1495 471. 1492 0.3 0.6 18.5 1027.5 n/a n/a C31 H25 0 Na Cl
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HRMS spectrum

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

14 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:14-27 H:1-60 0O:1-3 Na:1-1

48
250511-2-53 4 (0.059) 1: TOF MS ES+
2.31e+002
10 385.1563
385.1693
Y%
385.1298
e IR L e B e e e e e B I L e o o o e T LA B e B S N e e 114
384.800 384.900 385.000 385.100 385.200 385.300 385.400 385.500
Minimum: -1.5
Maximum: 3.0 100 50.0
Mass Calc. Mass mDa PP DBE i-FIT  Nomm Conf (%) Formula
385. 1563 385. 1568 -0.5 -1.3 16.5 30.9 n/a n/a €27 H22 0 Na
NOTONNONOTNOONOLTONOM— O o © NOTO-ONOWOLNTO
COULHOIITNOMNAONNNN= = = 0% ~© DO QDDNNNNNN
MNNMNNMNMNMNMNMMMNMNMMNMNNMNMNNNNNDN O n v MOOOMOMOOMOHMONN
e 2 W ——e o
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Ph
31
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i Y T T T T
DWW~ ouAN o © wn ©
So®_ww 9 % S e
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£1 (ppm)
HRMS spectrum
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Odd and Even Electron lons
22 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:
C:31-31 H:1-60 0O:1-12 S:1-2 Na: 1-1
48
250511-2-59 16 (0.162) 1: TOF MS ES+
3.90e+005
10 469.1611
Yo
470.1654
456.2267%97-2250 461 47474631773 4651688 1001078 471.1654472.9866 oo 200 4780491 481.2084483.2159 e
L e A e e S e e e —
455.0 457.5 460.0 462.5 465.0 467.5 470.0 472.5 475.0 477.5 480.0 482.5
Minimum: -1.5
Maximum: 5.0 10,0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula
169. 1611 469, 1602 0.9 L9 18.5 768.5 n/a n/a C31 126 0 S Na
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HRMS spectrum

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min =-1.5 max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

13 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:14-37 H:1-60 0:1-3 Na:1-1

48
250511-2-62 16 (0.162) 1: TOF MS ES+
2.35e+005
10 511.2037
527.1823
%
512.2081 528.1856
4931945 497.2299  509.1926 513.2180 537.5396  543.1880
473.2798475.7650.478.2401 5271273 L | §51.3406
O e I e e o o S LISy B o s e S Ry 4
470.0 480.0 490.0 500.0 510.0 5200 530.0 540.0 550.0
Minimum: -15
Maximum: 5.0 10.0  50.0
Mass Cale. Mass mDa PPM DBE i-FIT Norm Conf(%) Formula
511.2037  511.2038 -0.1 -0.2 235 6637 n/a n/a C37 H28 0 Na
LOLOOANTTTOVDONONANOOVDWLMM™ODWO©M ©O < N~ S 00 © N O WNODN
NNNOOOOUOUBUIELITONMMM®OANN LW © © NN~ - ONNKNOO
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3n
13C NMR, 100 M, CDCl,4

137.33
131.73
128.70
128.60
128.53
128.28
127.51
126.43
124.59
123.26

—96.16

A
/
X

86.60
80.42
79.67
77.48
77.16
76.84

~39.97

N\ 37.40

\ 34.40

_28.46

T T T T T T
200 190 180 170 160 150

Elemental Composition Report

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0

Element prediction: Off

Number of isotope peaks used fori-FIT = 3

Monoisotopic Mass, Even Electron lons
12 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)

Elements Used:

C:34-34 H:1-60 0:1-12
48

250511-2-56 23 (0.230)

100

%

458.9178

Oy e

T
100

£1 (ppm)

HRMS spectrum

459.2685

459.2499

459.2282

Page 1

1: TOF MS ES+
5.22e+002

T m/z

458.60 458.80

Minimum:

Maximum: 5.0 10.0

Cale. Mass mDa PPM

Mass
459. 2685 459, 2688 -0.3 0.7

ow

w

459.20

Conf (%) Formula
n/a 4 H3
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HRMS spectrum

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 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
1287 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:31-31 H:26-26 N:0-100 O:0-100 Na:0-2
7
250403-12-761-2-YQZ-31 16 (0.161) 1: TOF MS ES+
8.61e+006
100 453.1823
o
& 454.1855
451.1671 455.1879
415.2359 425.1888 431.2076 437.1965 467.1637. ) 473.1723 4851699 489.1670491.1750
e I B B e e e e e L T B N A B L e S L
410.0 420.0 430.0 440.0 0. 80.
Minimum: -1.5
Maximum: 2.0 10,0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula
453. 1823 433. 1830 0.7 -L.b 185 11124 n/a n/a C31 H26 02 Na
TTANNNDNTOOT—OOONT M~ @M~ O 0 © OWUITANNONOTMONNOOTT
NNKNQOQOOITYIMNMOM®MAN ©QQ N~ QODOONNNNNGOOOOY Y
MNNANNMNMMNMNMNMNMNMNMNMNMNMNMNNNNN OO © n v MOOMOMOMOOOHMMONNNON
NN NN S S iy i <\ L QS
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\ Ph /—/
A J
Ph
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'H NMR, 400 M, CDCl,
[
1
l I )
Py $'s &
(2} oo~
<) [
1(‘)0 ‘)‘5 9‘0 8‘5 8‘.0 7“: 7‘0 6‘5 6.0 5‘.5 5‘.0 4‘,5 4‘.0 3‘.5 2‘5 2‘0 1“5 1‘.0 0‘5 0‘0
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£1 (ppm)
HRMS spectrum
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
13 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:
C:14-37 H:1-60 0:1-3 Na:1-1
250511-2-67 13 (0.137) 1: TOF MS ES+
7.06e+006
10 391.1677
%
392.1704
311.1437 338.3417 3552830 369.3146 391.1111 4071578 4211505 439 1622 453.1473 475.2649 iz

300 310 320 330 340 350 360 370 380 390 400 410 420 430

Minimum: -1.5

Maximum: 2.0 10.0  50.0

Mass Calc. Mass mDa PPM DBE i-FIT  Norm Conf (%) Formula

391. 1677  391. 1674 0.3 0.8 14.5 1045.4 n/a n/a (26 H24 02 Na
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HRMS spectrum

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

16 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:26-34 H:1-60 0:1-12 Na: 1-1

1: TOF MS ES+

48
250511-2-66 12 (0.128)
1.48e+006

391.1673

392.1703

376.3206 3811494 333 1582 384.2079 391.1058 3981752 no7.4500 3991816 405.1642

375.0 377.5 380.0 382.5 385.0 3875 390.0 3925 395.0 3975 400.0 4025 405.0

406.3415
m

z

Minimum: -1.5

Maximum: 2.0 100 50.0

Mass Calc. Mass mDa PP DBE i-FIT  Norm  Conf (%) Formula

391. 1673 391. 1674 -0.1 -0.3 14.5 902.8 n/a n/a (26 124 02 Na
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HRMS spectrum
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance =5.0 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
1208 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:31-31 H:26-26 N:0-100 O:0-100 Na:0-2
7
250403-12-761-2-YQZ-29 16 (0.161) 1: TOF MS ES+
3.26e+006
100 437.1881
%
438.1912
439.1937
0 4231828 456 9398 427.2973 431.2087 437.1363 / 4432682 aaa 2750 492808 4512030
A e B B B e e e e e
420.0 4225 4250 4275 4300 4325 4350 4375 4400 4425 4450 4475 4500 4525
Minimum: -1.5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula

437. 1881  437.1881 0.0 0.0 18.5 1040.1 n/a n/a C31 126 0 Na
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HRMS spectrum

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

5 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:14-37 H:1-60 O: 1-1

48
250511-2-69 4 (0.059) 1: TOF MS ES+
5.38e+002
100 393.2218 393 7878
393.1980
% 393.1433 393.3085
393.3868
3929186 393.0320
392'873{ | R ‘ | ‘ 393.4650
-y -Vt miz
392.60 392.80 393.00 393.20 393.40 393.60 393.80
Minimum: -1.5
Meoci mum : 5.0 10.0  50.0
Mass Cale. Mass mDa PPM DBE i-FIT  Norm Conf (%) Formula
393.2218 393.2218 0.0 0.0 15.5 104.7 n/a n/a 29 1129 0
LOLWOTONTOTTINNOO®®OWMN D v N MON~™O OO ON™ONTNONO®
NEROQOQOUBINIITION® @M D @ @ BILBDLGO 6T BRONNK QB GG W
NNNNNNNNNNNNNNNNNNNS © 6w R R R R R R ccoccococococococo
NN NN G S W Qi e ] fe——
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A S
Ph
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1
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J J LL L J]
sl T & & Py
00O~ 1S) ® ®
-+ N« - =} <]
0.0 95 90 85 8o 7.5 70 65 60 55 50 45 40 35 30 25 20 1.5 10 05 00
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HRMS spectrum
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
14 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:
C:14-31 H:1-60 0:1-3 Na: 1-1
48
250511-2-58 50 (0.470) 1: TOF MS ES+
3.51e+002

373.1571

10

373.1437

%o
373.1741

373.1253

372.800 372.900 373.000 373.100 373.200
Minimum: -1.5
Maximum: 5.0 100 50.0
Mass Cale. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula
373. 1571 373. 1568 0.3 0.8 15.5  30.7 n/a n/a €26 H22 0 Na

S99
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HRMS spectrum

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

13 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:

C: 14-31 H:1-60 0:1-3 Na:1-1

48
250511-2-60 51 (0.479) 1: TOF MS ES+
1.14e+002
10 375.1724
375.1580 375.1845
%
O o T e e o o e B O I A A B e e e B e o B B B LA B e o e o o o o o il 11174
374.800 374.900 375.000 375.100 375.200 375.300 375.400 375.500

Minimum: -1.5
Maximum: 2.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm Conf (%) Formula

375. 1724 375, 1725 -0.1 -0.3 145 27.4 n/a n/a €26 H24 0 Na
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10. 0 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 2.5 2.0 1.5 1.0 0.5 0.
£1 (ppm)
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100 461.1616

461.1343

461.0769

0
460.70 460.80 460.90 461.00 461.10 461.20 461.30 461.40 461.50
Minimum: -1.5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm Conf(%) Formula
461.1343  461.1340 0.3 0.7 14.5  29.5 n/a n/a C26 H19 0 F6
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HRMS spectrum
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Meonoisotopic Mass, Even Electron lons
4 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:
C:14-37 H:1-60 0:1-1 F:6-6
4
250511-2-68 19 (0.196) 1: TOF MS ES+
2.19e+002

m/z

461.60
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HRMS spectrum

Elemental Composition Report

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
5 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)

Elements Used:

C:14-37 H:1-60 S:1-1

250511-2-63 9 (0.102)
417 1677

10

%
418.1732

414 3527 415.2221

412.3014

407.3393 409.7155

419.1660421.2473

Page 1

1: TOF MS ES+
7.41e+004

426.3157

422.2939 425.2131

m/z

408.0 410.0 412.0 414.0 416.0 418.0 420.0 4220 4240 426.0
Minimum: -1.5
Maximum: 5.0 10.0  50.0
Mass Cale. Mass mDa PPM DBE i-FIT  Norm Conf(%) Formula
417. 1677 417. 1677 0.0 0.0 18.5 775.3 n/a n/a C30 H25 S
DOVOOUWNODDONLMOANTNDOOT N —O0DWN - o DWW OowOmn
NNNOLLOSTTITITETTTTOOO®E O ONNN < ™ © 0 0 N~ N~
NNNNNNNNNNNNNNNNNNG ©©GOO [t} R RN
i Y W i
Ph
\ Ph OMe
A s
Ph
4b
"H NMR, 400 M, CDCl;
|
Il
il
I
| . A

) T )

N~ N o ™ O

Qe o = o

- - < R
10.0 9.5 9.0 8.5 70 65 60 55 50 45 40 35 30 25 20 15 1o o5 o
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f1 (ppm)
HRMS spectrum
Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
15 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:14-37 H:1-60 0:1-3 Na:1-1 S: 11

48
250511-2-65 10 (0.111) 1: TOF MS ES+
8.82e+002
100 469.1599
% 469.2303
469.1184 469.3762
468.3642 468.8533 469.0639 4695020  4gg74ps  469.9800
4686996, | W W | | [, 4700319
[}y..,\y..|‘I.H.'.|‘||‘...n.“.‘.”.‘.“”.|.‘|"|H|‘"“| .‘l‘l““y‘.l. A —r——— m/z
468.00 468.25 468.50 468.75 469.00 469.25 469.50 469.75 470.00 470.25 470.50
Minimum: -1.5
Maximum: 2.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm Conf(%) Formula
469. 1599  469. 1602 -0.3 0.6 18.5 245.8 n/a n/a C31 H26 O Na S
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HRMS spectrum

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
15 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:
C:1437 H:1-60 0O:1-3 S:1-1 Na:1-1
48
250511-2-64 13 (0.137) 1: TOF MS ES+
2.15e+005
10 457.1233
%
458.1274
459.1299
0 444.2383 449.2023451.2578 4537473 456.2208 463.3055  166.1848 457 1936 4707654728225
L L e S A A o o T A e e i i S
4425 445.0 4475 450.0 4525 455.0 4575 460.0 4625 465.0 4675 470.0 4725
Minimum: -1.5
Maximum: 5.0 10,0 50.0
Mass Cale. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula
457. 1233 457. 1238 -0.5 -1.1 185 755.4 n/fa n/a C29 H22 02 S Na
NONNOOTITANNM—OODN OO MO - D [Te)
NRQOOQOUWUWODYTIINMO N O © 0 ©
NNNNNNNNNNNNNNNNNN © 0 v N
T e N N I
Ph
Ph, O
N\ )L o
3
— 1]
(0]
Ph
4d
'H NMR, 400 M, CDCl,
|
1
| i |
|
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b
‘l J 1 I
SR, L o
MmO Ww~—AN o @ N
@0 = _0 © o S
~aaN+-a o )
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£1 (ppm)
HRMS spectrum
Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

12 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:14-31 H:1-60 0:1-3 S:1-1

48
250511-2-61 29 (0.282) 1: TOF MS ES+
4.62e+002
10 449.1572
4491770
% 4491421
449.1281
01— e T e e T e e e e e MYz
448.700 448.800 448.900 449.000 449.100 449.200 449.300 449.400 449.500 449.600
Minimum: -1.5
Maximum: 3.0 10,0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula

449.1572  449. 1575 -0.3 0.7 18.5 34.1 n/a n/a C30 125 02 S
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HRMS spectrum

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 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
1431 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:33-33 H:27-27 N:0-100 0O:0-100 Na:0-2
7
250403-12-761-2-YQZ-16 14 (0.143) 1: TOF MS ES+
2.63e+006

10 476.1995

%

477.2031
01.470.3444 471.2170 4721934 4731985 474.1990 476.1349 | 477.1373 A78.2074 4792201 4801989 agt17s1 281811
P RRRA REARNREREE AR AR RARANRBARE RARES RAREE RSN RSRE LALAN R RARRN RAREE RRRAN LSRR RERRE RERAN RAREN RRRLE RSN AR RARAN LA
470.0 471.0 472.0 473.0 474.0 475.0 476.0 477.0 478.0 479.0 480.0 481.0 482.0

Minimum: -1.5
Maximum: 3.0 100 50.0
Mass Cale. Mass mDa PPM DBE i-FIT  Norm Conf (%) Formula
476. 1995  476. 1990 0.5 1.0 20.5 9920 n/a n/a (33 H27 N 0 Na

—3.67

5S¢
'H NMR, 400 M, CDCl,

T
6.5 6.0 5.5 5.0 4.5 4.0 3.5
f1 (ppm)
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13C NMR, 100 M, CDCls
| |
I
I
2‘00 1‘90 1‘80 1‘70 1‘6() 1‘50 1‘4() 1‘30 1‘2() 1‘10 1‘00 E;() 8‘0 7‘() éO 4‘0 3‘0 50 1‘0 ‘(J
£1 (ppm)
HRMS spectrum
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min =-1.5 max =50.0
Element prediction: Off
Number of isotope peaks used fori-FIT =3
Monoisotopic Mass, Even Electron lons
1447 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:36-36 H:28-28 N:0-100 0O:0-100 Na:0-2
48
250809-1-12 16 (0.109) 1: TOF MS ES+
8.79e+003
10 4742217
%
472.2043 473 2109[475.2220
472.1865|
470.1711 76.2000477.2044
o R A D W N W O . 2 T
480.0 4625 485.0 4675 470.0 4725 4750 4775 480.0 4825 485.0 4875
Minimum: -1.5
Maximum: 5.0 100 50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula
474. 2217 474. 2222 -0.5 -1.1 23.5 2338 n/a n/a C36 H28 N
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HRMS spectrum

Elemental Composition Report Page 1
Single Mass Analysis

Tolerance = 5.0 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

1147 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:

C:30-30 H:29-29 N:0-100 ©O:0-100 Na:0-2

7

250403-12-761-2-YQZ-30 23 (0.227) 1: TOF MS ES+
8.72e+004

10 426.2198

%o
427.2256

427.2926

428.3000
420.2268 4212465 4222920 4233090424 2152 425.2177 429.2890

o 431.1988 432.2422 ;
mfz
420.0 421.0 422.0 423.0 424.0 425.0 426.0 427.0 428.0 429.0 430.0 431.0 432.0
Minimum: -1.5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPN DBE i—FIT  Norm  Conf (%) Formula
426. 2198  426. 2198 0.0 0.0 16.5 738.8 n/a n/a C30 H29 N Na

DONOUOONOWULTOANTONDVDOTNOWLM— T~ ONOT < [(lTs}
COOLOVBIITINNNONANNANNNOS O AN @D ~ <~
NNNNNNNNNNNNNNNNNNNNNNNNGCO OB ® - -
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13C NMR, 100 M, CDCl,4
| | |
1 \i i ‘ H ' | |
' ' | ke
2‘00 1‘90 1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 150 E;O 8‘0 7‘0 éO 5‘0 4‘0 L;O z‘o l‘() ‘O
£1 (ppm)
HRMS spectrum
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 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
1425 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:35-35 H:42-42 N:0-100 0O:0-100 Si:1-3
46
250809-1-13 26 (0.161) 1: TOF MS ES+
1.11e+004

504.3078

10

503.2984

% 505.3093

502.2906

4853475 o0 ooro 498.8785 506.3164 515.8915

473.0664

479.2007

475.0 480.0 485.0 490.0 495.0 500.0 505.0 510.0 515.0 520.0 525.0

Minimum: -1.5

Maximum: 5.0 10.0 50.0

Mass Calc. Mass mDa PPM DBE i-FIT  Norm Conf(%) Formula
504.3078  504. 3087 -0.9 -1.8 16.5 208.3 n/a n/a €35 H42 N Si
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HRMS spectrum

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0

Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

20 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)

Elements Used:

C:29-29 H:1-60 N:1-10 Si:1-2

48

250511-2-71 19 (0.196) 1: TOF MS ES+
9.11e+004

10 420.2146

Yor
419.2055 421.2160
. 356.2887 369.3055 421.2342 431.7383 4512656 462.2667 473.2810 478.2353 \
miz
360 370 380 390 400 410 420 430 440 450 460 470 480

Minimum: -1.5

Maximum: 3.0 10.0 50.0

Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula

420. 2146 420. 2148 -0.2 -0.5 16.5 5542 n/a n/a C29 H30 N Si

LOTNOTNOOOWTNOTOM o © N O N < < <
QOUOLMOMHMMOMOMHANNNNODCDLWW @ N~ (ol TolToRTo} ~ -~
NNNNNNNNNNNNNGGOO o) <+ &S © -
e VR VR Vg N ~ | |
TIPS,
\Ph OMe
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Ph
g
"H NMR, 400 M, CDCl,4
\‘\“\‘ I r i
i IS o L
i, T " *ﬁ T ki g
o 0 © - O (o2} © o -
oo~ o o (=) o - -
[N [ o o ) N
10. 0 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 2.5 2.0 1.5 1.0 0.5 0.

f1 (ppm)
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HRMS spectrum
Elemental Composition Report Page 1

Single Mass Analysis

Tolerance =5.0 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

4335 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:34-34 H:4242 N:0-100 O:0-100 Na:0-2 Si:1-3

46
250809-1-16 28 (0.172) 1: TOF MS ES+

1.10e+006
10 533.2854

% 534.2882
549.2589
5352883 | 550.2612
4p2.2447 478-2906488.8627 4058979 5158918 9928808 559.5162 587.5454  601.2723

O P T T T T T T T T T [ T T T T T T T T TR T T T T T T T e T o T e e e Mz

480 490 500 510 520 530 540 550 560 570 580 590 600 610

Minimum: -1.5
Maximum: 5.0 100 50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula

533. 2854 533. 2852 0.2 0.4 14.5  T49.3 n/a n/a C34 H42 02 Na Si

S117



ooe
ooe
44
r0'e

69'¢
oh,mv.

616G~
4414
856~

pog;
0z'9
2z'9
zz'9
erg—
§L9
Leg—
002
L2
€02
€04
L
8l'4]
6L
0z'L
Tl
§z1
8z'1
LE L
9L
8g's
S
oL
ivi

ap'L

5h
"H NMR, 400 M, CDCl,

Z/IE=3.6:1

.

oLe L=
Mmm,o -

)

FBE'E

w0

9.0

)

10.0

SLLL—
8z ec—

6LCE—

Sler~
ae' vy

PR9L
9 EHW
8Ll

6898~
L6588~
L5 26~
z9e8”

mm.mofv.
590

9L'L :‘W
S6'8LL-F
86'8LL
LEBLL
LZ'oZk
pLlCL
8L L2k
69'eZl
8e'9Zl
LP9Zl
06'9glL
0L'Lgh
ZeLel
ozezl
og'acl
eyacl
558zl
98t
L5°1¢El
89'LE)
67 LCL
8Ll'6¢l
[

2g'erl

Z/E=10:3

T T T T T T T T
17 160 150 140 120 120 110 100 90
£1 (ppm)

T
180

T
190

T
200

HRMS spectrum

5118



Elemental Composition Report

Single Mass Analysis

Tolerance =5.0 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

Page 1

929 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:
C:27-27 H:23-23 N:0-100 0:0-100 Na:0-2
7

250403-12-761-2-YQZ-22 23 (0.227) 1: TOF MS ES+
5.37e+004
100 384.1726
% 383.3028
385.1790
385.2908
383.2578 385.1510
oL, 823843380 5045 3828373 . N 363.3937 384.1120 1384.3059 334 7082 N 385.5409 e
T T T T 1 T T T T T T T
382.00 382.50 383.00 383.50 384.00 384.50 385.00 385.50 386.00
Minimum: -1.5
Maximum: 5.0 10,0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm Conf (%) Formula
384.1726  384. 1728 -0.2 -0.5 16.5 560.3 n/a n/a €27 H23 N Na
OQWOWUMTMOH-—ONOUTONNODON - OTWL®OONNN ©o
CUVOLLYOITITONNMNONANNO ) P X © ~
NNNNNNNNNNNNNNNNNNNNN®O© © s ®
e |
5i
"H NMR, 400 M, CDCl,
JHI
3 I
< <
-~ ™
T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 85 80 7.5 7.0 65 6.0 55 50 45 40 3.5 30 25 20 15 1.0 05 O

£1 (ppm)
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—96.34

77.48

77.16
76.84

—86.33

/
\

_44.85

—32.87

13C NMR, 100 M, CDCl;4

T T T T T T T T
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T
120

T T
110 100

90 80 70 60 50 40 30 20 10 0
£1 (ppm)
HRMS spectrum
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
28 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:
C:29-32 H:1-60 N:1-10 Br:1-2
250511-2-72 10 (0.111) 1: TOF MS ES+
2.10e+005
100 502.1163
504.1182
%
501.1105
505.1248
518.1105 520.1108 533.1002 535'1017537.5387
o 468.2557 473.2835 482.0500.484.0247 490.1064 495.2757 | 506.1126 X | miz
e e T e e e R e e
470.0 480.0 490.0 500.0 510.0 520.0 530.0
Minimum: -1.5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm  Conf (%) Formula
502. 1163  502. 1170 -0.7 -1.4 20.5 7647 n/a n/a C32 1125 N Br
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 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

1905 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:30-30 H:21-21 N:0-100 ©:0-100 S:1-4 Br:1-2

1: TOF MS ES+

46
250809-1-14 7 (0.062)
1.99e+003

506.0577 508.0530

10

510.0525

% 507.0575

503.0600 503.9014 505.1771

501.8898

0
502.0 503.0 504.0 505.0 506.0 507.0 508.0 509.0 510.0 511.0 512.0
Minimum: -1.5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm Conf (%) Formula
506. 0577 506. 0578 -0.1 -0.2 20.5 230.5 n/fa n/a C30 H21 N S Br
FUONOOYTO-OF OO TN OO NOY )OO0 Wn oo
TTOOOOONNNNNNNTO~ — 000NN~ v ©WOLW0LwWn @D a@ B
P P~ P~ P P~ P~ P~ P~ P~ = P P~ P~ P~ P~ P~ 0 O W0 W0 W W <f < <F <f AR
e A N =
Ph
\ Ph
\ OBn
H;C
5k
"H NMR, 400 M, CDCI,4
ZIE=9:1
i
]
r
II )“l
U i I PO W )
ey oo y T L
(=] S o - O ~— o™~ (=] w W
—n® < o o - b oo
o — [= I ~ (=] o™~ o O
0.0 9.5 2.0 85 80 .5 7.0 6.5 6.0 55 50 4.5 4.0 35 20 2.5 2.0 L5 Lo 0.5 0.0
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HRMS spectrum
Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 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

813 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:25-25 H:22-22 N:0-100 0©O:0-100 Na:0-2

250809-1-20 13 (0.093) 1: TOF MS ES+
4.45e+005

361.1571

10

%o

353.2661

5
274.273T 282 791 301.1419  333.1798 406.3279 437.1933 463.2418 473 pgqp 483.1901

o m/z
260 280 300 320 340 360 380 400 420 440 460 480
Minimum: -1.5
Maximum: 3.0 100 50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula
361. 1571 361. 1568 0.3 0.8 14.5 600.0 n/a n/a 25 H22 0 Na
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HRMS spectrum

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

42 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:26-36 H:1-60 N:1-10

48

250511-2-70 13 (0.137) 1: TOF MS ES+

2.04e+005
4742217

10

473.2141

o 4722076

475.2268

453.7518 476.2306

443.1732 4562173  460.2161

0 494.8261 504.1 984le
440.0 445.0 450.0 455.0 460.0 465.0 470.0 475.0 480.0 485.0 490.0 495.0 500.0 505.0
Minimum: -1.5
Maximum: 5.0 10,0 50.0
Mass Cale. Mass mDa PPM DBE i-FIT  Norm  Conf %) Formula
474. 2217 474. 2222 -0.5 -1.1 235 7142 n/a n/a C36 1128 N
—OMOWUFRLONMO—OOO—O0O©S OO O o™ - W0
e S e e S S S o S o S e e S Sy T o] ) —
— = N [ -
TIPS
Ph Me
N /N
Ph
OoH ©
6
"H NMR, 400 M, CDCl,4
dr=17:1
|
i Lo
I
[ ¥ | ll i et
e T o T
TTLT O OO B - © o e
TT QMWD g ™ ¥ = =
OO0~ ON~~ v v — [ I o] o™~
0.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 3.5 2.0 2.5 2.0 L5 L0 0.5 0.0
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HRMS spectrum
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 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
4784 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:35-35 H:4141 N:0-100 0O:0-100 Si:1-3 Na: 0-2
46
250809-1-15 16 (0.109) 1: TOF MS ES+
6.61e+005
10 558.2806
% 559.2831
552.2031 560.2830
o 544.2590 548.2047 | P532040 564.2894 569.3163  572.2576 573.2589,
e e e S A B B L e e e
5425 545.0 5475 550.0 5525 555.0 557.5 560.0 562.5 565.0 567.5 570.0 572.5
Minimum: -1.5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula
558.2806  558. 2804 0.2 0.4 16.5 T741.4 n/a n/a €35 H41 N 02 Si Na
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HRMS spectrum
Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min=-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used fori-FIT =3
Monoisotopic Mass, Even Electron lons
4485 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:34-34 H:37-37 N:0-100 0O:0-100 Na:0-2 Si:1-3
46
250809-1-19 24 (0.151) 1: TOF MS ES+
3.63e+005
100 542.2491
% 5432516
544.2518
o 528.2439 531 4813 532.4928 536.2867.537.2933 538.2043 5462562 551.3072 5522086 556.2512 2> 0147
5250 5275 5300 5325 5350 5375 540.0 5425 5450 5475  550.0 5525 5550 5575
Minimum: -1.5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula

542, 2491  542. 2491 0.0 0.0 17.5 567.6 n/a n/a C34 H37 N 02 Na Si
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HRMS spectrum

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance =5.0 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
2124 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:26-26 H:33-33 N:0-100 0O:0-100 Na:0-2 Si:1-3
250809-1-17 22 (0.140) 1: TOF MS ES+
1.80e+006
100 389.2305
411.2121
%
412.2147
ol 900756 1411138 2150858 3011420 3471832 | £473-2140492-1758 550.5167 5575454 6854343702 8507 a
UM RS SRR AR RAARE LAY SRS RN LN RRAA LR RRRAN LARRE RRRAN LR RS LARAN LAY LR RSN AR RN SARAE RSN SIS RARLY BUARE LARLN BN RN
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750

Minimum: -1.5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula

389. 23056  389. 2301 0.4 1.0 11.5  890.9 n/a n/a C26 H33 O Si
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