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INTRODUCTION

The ubiquity and prominence of anions in both biological and chemical systems justifies the pursuit of
ever more sophisticated methods for their detection. Supramolecular chemistry has much to offer the
field of anion recognition and macrocycles constitute a clear vehicle for this. _
Although, it should be mentioned that the application of these compounds V
reaches much further, including catalysis, possibly medical treatment, and —{ He I
anion sequestration from radioactive waste.! Several examples of these | ‘
anion-binding large ring systems are known, however many rely on classical ¢ X
hydrogen bonds between the central anion and highly polarised, endocyclic \Lmi; \3‘nm—~/
®H-x® bonds (X = N,0) as seen in Figure 1.2 Whilst effective, these types of
macrocycles are limited to organic, typically non-polar solvents, where there
is little competition to the desired hydrogen bonding interaction, limiting their
applicability in real-world contexts.!

Figure 1: Classical H-
bonded macrocycle

Thanks to the work of Bryantsev and Hay,? it was suggested that C-H bonds 5

can play a meaningful role in anion binding, if sufficiently activated by Mo N
neighbouring electron withdrawing groups. This was confirmed by Li and A~
Flood,? when strong anion binding was observed in a neutral macrocycle % H:bjé
(Figure 2) that operates exclusively via aromatic 8C-H®" based H-bonds. The No N 't

high electronegativity of the N atoms in the triazole rings activates the ? ~
internal C-H bonds sufficiently for strong chloride binding. In line with

predictions from Cram,* it appears that whilst the polarity of the relevant rigye 2: Macrocycle taken
bonds is important to anion binding, preorganization and desolvation of these from literature?

hydrogen-bond donor sites is also critical to the formation of stable
complexes.

The macrocycle shown in Figure 2 and its synthesis were pivotal in the O
development of this project. Using it as a scaffold allowed for a new carbazole

substituent to be appended, and the geometry of the resulting species, as well N/—“\NQN/N

as its luminescence potential, to be estimated. This was done via Density N@H A~ )
Functional Theory, using the PBEO functional and 6-31G(d,p) basis set, a well- O A H?N:
established methodology in the EZ-C group. The results were encouraging, ey O

revealing an excited singlet-triplet state energy difference (AEst) of 0.15 eV, 3
which is well within the bounds for thermally activated delayed fluorescence
(TADF). Furthermore, the synthesis of the compound taken from the Figure 3: Target compound
literature is comprised of well-known and reliable reactions, which can still be

employed here. The aim of the project reported herein was to synthesise and characterise the target
compound (TC), shown in Figure 3.

The family of macrocycles synthesised by Li and Flood are not emissive, which limits their usefulness
for sensing applications. Incorporation of carbazole units into the TC adds the value of
photoluminescence, which increases its viability as a chemical sensor. The emission of the TC is largely
attributable to fluorescence, which occurs from the lowest energy excited singlet state, in accordance
with Kasha’s rule.” It is a radiative decay process, whereby an electron relaxes back to its ground state
without a change in spin. Quantum mechanically, this is a highly probable, allowed transition, meaning
that the excited state is incredibly short-lived, and emission occurs on a nanosecond timescale. TADF
is a special case of fluorescence, which is predicated on the up-conversion of non-emissive triplet
states to emissive singlet states using the thermal energy of the molecule,® as illustrated in Figure 4.
For this reverse intersystem crossing (RISC) from the triplet state up to the corresponding singlet state
to be fast enough to be practically useful, AEstmust be small (less than 0.3 eV) to ensure good mixing



of the singlet and triplet states. Given that AEst is governed by the exchange energy, which is related
to spatial overlap, of the highest occupied molecular orbital (HOMO) and the lowest unoccupied
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Figure 4: Jablonski diagram illustrating processes involved in prompt fluorescence, phosphorescence and TADF

molecular orbital (LUMO), it can be supressed by geographically confining the HOMO and LUMO to
different regions of the molecule.® This explains the popularity of donor-acceptor systems containing
a twisted bond in TADF literature; the twist brings the HOMO and LUMO out of alignment and reduces
the AEst. These twisted bonds often come from increasing the steric bulk around the donor and
acceptor moieties; here carbazole groups have been used to enforce this non-planarity. DFT
computation of the TC in the gas phase suggests a HOMO residing over one of the donor groups and
a LUMO situated over a portion of the macrocycle itself, as seen in Figure 5, indicating TADF potential.

Figure 5a: HOMO residing on a donor carbazole group, 5b: LUMO residing over a part of the central macrocyclic acceptor,
5c: non-planarity of TC enforced by steric bulk of carbazole substituents.

TADF was revolutionised by advances in molecular design, with a plethora of synthetic possibilities
enabling a variety of substituents to be incorporated into these entirely organic frameworks.’
Depending on the electron donating/accepting ability of these substituents, the orbital energies can
be tuned, giving access to TADF materials of many different colours. Furthermore, it is also possible
that varying these substituents could lead to macrocycles which bind neutral molecules as well as
anions, such as 1,3,5-trinitrotoluene (TNT), broadening the scope of their application.®

There are many examples of fluorescent anion receptors whose luminescence behaviour varies on
anion binding. ! The changes in optical properties (such as colour or intensity) of emissive macrocycles
when they form complexes with anions is what makes them so useful as receptors. Given the large
proportion of total fluorescence in the TC is delayed fluorescence, which is quite slow compared to
prompt fluorescence, the two can be easily distinguished. Therefore, the change in delayed
fluorescence on anion coordination can be investigated, as can the rate of RISC. If the RISC and the
profile of the delayed fluorescence do change on anion binding, this could give valuable sensing



information. Therefore, applying TADF to these systems could lead to more informative sensing
materials, than their simply fluorescent counterparts.
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Preparation of (11)

Compound | (1 eq.), Cul (0.02 eq.), and Pd(PPhs),Cl, (0.02 eq.) were placed in a two-neck flask, which
was degassed under high vacuum and back-filled with argon three times. Degassed THF (50 mL) and
PrNH (10 mL) were added followed by the dropwise addition of trimethylsilylacetylene (1 eq.). The
reaction mixture was stirred for 8 hours at room temperature. The volatiles were removed in vacuo
and the brown solid obtained was washed with water (3x30 mL), extracted with CH,Cl, (2x50 mL),
dried (Na,S0,) and concentrated under reduced pressure. The crude product was purified by column
chromatography.

Preparation of (111)

A 50 mL flask was charged with Compound Il (1 eq.), KF (5 eq.), THF (10 mL) and methanol (10 mL)
and stirred at room temperature for 8 hours. The volatiles were removed in vacuo and the solid
obtained was extracted with CH,Cl, (3x50 mL), washed with water (30 mL), dried (Na;SO4) and
concentrated under reduced pressure. The crude product was purified by column chromatography.

Preparation of (1V)

Compound | (1 eq.), NaNs (3 eq.), sodium ascorbate (0.1 eq.), Cul (0.2 eq.), N1,N2-dimethylethane-
1,2-diamine (0.3 eq.) were added to the degassed solvent mixture EtOH:H,O:toluene (7:3:1, 11 mL).
The reaction mixture was stirred under reflux and the progress of the reaction was followed by TLC.
When Compound | was completely consumed (after about 1 hour), the reaction mixture was allowed
to cool to room temperature, and the crude mixture was purified by flash chromatography.

Preparation of (V)

A solution of the Compound IV (1 eq.), and Compound Il (2.2 eq.), sodium ascorbate (0.1 eq.), and
CuS04(0.01 eq.)ina 7:3:1 mixture of EtOH:H20:toluene was stirred at room temperature for 24 hours.
After removal of the solvents in vacuo, the crude product was purified by column chromatography.

Preparation of (V1)

Compound V (1 eq.), Cul (0.12 eq.), and Pd(PPhs),Cl, (0.12 eq.) were placed in a two-neck flask. The
flask was degassed under high vacuum and back-filled with argon three times before the addition of
degassed THF (10 mL), diisopropylamine (2 mL), followed by dropwise addition of
trimethylsilylacetylene (2.4 eq.). The reaction mixture was stirred for 8 hours at room temperature.
The volatiles were removed in vacuo and the brown solid obtained washed with water (3x30 ml),
extracted with CH,Cl; (2x50 ml), dried (Na;SO4) and concentrated under reduced pressure. The crude
product was purified by column chromatography.

Preparation of (V1)

A 50 mL flask was charged with Compound VI (1 eq.), KF (10 eq.), THF (10 mL) and methanol (10 mL)
and stirred at room temperature for 8 hours. The volatiles were removed in vacuo and the solid
obtained was extracted with CH,Cl, (3x50 ml), washed with water (30 ml), dried (Na;SO4) and
concentrated under reduced pressure. The crude product was purified by column chromatography.

Preparation of (V111)

DBU (20 eq.) was added to toluene (195 mL), and degassed with argon for 30 minutes and heated to
70 °C while flushing with argon. At 70 °C, Cul (0.3 eq.) was added to the mixture. A solution of
Compound VII (1 eq.) and Compound IV (1 eq.) in dry toluene (50 mL) was added to the solution
slowly over 10 hours and stirred for another 4 hours under argon. The mixture was then cooled to
room temperature and filtered through a column of basic Al,0s, and the filtrate was concentrated in
vacuo. The product was purified via flash chromatography.



RESULTS

Given the time constraints of the project, it was not possible to complete the entire synthesis as
described by the literature procedures given above. Compounds Il — IV were successfully synthesised
and characterised by either gas chromatography-mass spectroscopy (GCMS), *H nuclear magnetic
resonance (NMR) spectroscopy, 13C DEPTQ NMR spectroscopy, or some combination of these, and
the spectra have been included (see Supplementary Information). Purification of all compounds
synthesised was difficult due to the very similar polarity of Br and the trimethylsilyl (TMS) group
resulting in very similar R values, in many of the solvent systems tried.

Despite results given in the literature,? the catalyst Pd(Phs),Cl, did not appear to be active enough to
promote the desired reaction. In lieu of this, Pd(Phs)4 was used, as the lower oxidation state on the Pd
in this complex is thought to make for a more active catalyst. Two different bases (EtsN and Pr,NH)
were also screened, with the latter giving a higher yield of the mono-coupled product, according to
peak integral estimations from GCMS (63% vs. 61%) and a lower yield of the di-coupled product (3%
vs. 5%). The formation of the cross-coupled Compound Il expected from the Sonogashira conditions
used was reflected by the shifts in the *H NMR (6= 7.70, 7.61 and 0.26 ppm), which were consistent
with values reported in the literature,? for the ‘Bu analogue of Compound Il (relevant signals at &=
7.64,7.43 and 0.25 ppm). The molecular ion peak was also observed in the GCMS at the expected m/z
value. As well as the desired mono-
coupling product (prepared in 47%
yield), TLC analysis demonstrated the
formation of a side product, which was
ascribed to competing di-substitution. ‘ s o
This was reflected in the NMR and GCMS i R
spectra. The formation of the Mt | 5
disubstituted analogue of Compound Il L
accounted for approximately 10% of the
starting Compound |. The low vyield of . i j
both coupling reactions could be a result l“\‘_.“, e _ Ju‘,ﬁJar _ ‘lr{” | ,m'
of the reaction vessel having not been
fully purged of oxygen and water before = =~ & & e b e ke T e T

the reaction was carried out. The Figure 6: Aromatic regions of NMR of mono and di-coupled products
bis(trimethylsilyl)ated product was easily

identifiable by NMR, given the large integration value and very low chemical shift of the protons in
the two equivalent TMS groups. By comparison of the *H NMR of the mono and di-coupled products,
the increase in symmetry can be inferred from a simplification of the spectrum in the aromatic region,
as two chemically inequivalent protons in Compound Il collapse into one signal in the di-coupled case,
as shown in Figure 6. The number of C-H and quaternary C signals in the 3C DEPTQ NMR of the
dicoupled product reinforces the presence of the expected alkyne, particularly distinctive are the
quaternary signals at 6¢=53.6 ppm and 96.7 ppm, which represent the two C atoms in the triple bond.

|
M

The deprotection of the silylated alkynes proceeded with high yields (86% and 90% for Compound Il
and its di-coupled analogue, respectively), as expected, however it should be mentioned that on
workup of Compound |11, some of the product was spilled in the fumehood. The appearance of an
additional proton environment (at approximately 64 = 3.2 ppm) for both the mono and di-coupled
products, with the expected integration values, leaves little doubt that the corresponding alkynes
were formed.



From Compound V onwards, the
molecular weights became too large
for reliable analysis by GCMS, so
characterisation became more
difficult. However, the first attempt of
click chemistry between Compound Il
and Compound IV to form the triazole-
bearing Compound V was ‘
unsuccessful as shown by the stacked I | ‘ A
H NMR (Figure 7). The spectrum of the
reaction mixture and that of the
starting alkyne (Figure 7a) are almost l
]l.h;li
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identical, and the few additional peaks
present in the spectrum of the reaction

mixture that are not present for the I T S T
starting alkyne can be seen in the o

spectrum of the diazide (Figure 7b).
This clearly indicates no reaction took
place.

Figure 7a: Stacked NMR spectra of alkyne (brown) and click chemistry reaction
mixture (black)
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thermodynamic instability of Cu(l) in ia LN ~

aqueous media necessitates a good

ligand to stabilise it.> A common | I
ligands used is tris[(1-benzyl-1H-1,2,3- e
triazol-4-yl)methyl]amine (TBTA), BT e
however this was unavailable, so the

reactions between Compound Ill and M ‘

phenylazide, as well as the di-coupled } o ‘@lé : .
version of Compound Il and Nooenee

phenylazide were conducted under [ o '

the same click conditions as above, Figure 7b: Stacked NMR spectra of click chemistry reaction mixture (brown) and
with the ratios of ethanol: water: diazide (black)

toluene changed from 7:3:1 to 5:3:3,

and with the addition of diisopropylethylamine (3.5 eq.). More encouraging results were seen in the

'H NMR, as shown in Figure 8. The increase in complexity of the aromatic region, and the appearance

of more deshielded proton environments at higher chemical shifts for both the mono and di-coupled
compounds could be an indicator of the desired electron poor C-H bonds in the triazole ring. These
structures are supported by the integration values on the *H NMR spectra (see Supplementary
Information).

By comparing the 'H NMR spectra of the triazole with the bis(triazole), the strong negatively inductive
electron withdrawing effect of the N atoms manifests as a downfield shift in some of the signals.
Particularly interesting is the shift of the alkene C-H bond in the triazole (&4 = 8.25 ppm) versus the
bis(triazole) (6y = 8.37 ppm), as shown in blue on Figure 8. The symmetry of the latter compound
results in an increase in the integration value of the protons in this environment, and the downfield
shift is consistent with a more electron deficient molecule. The multiplicity of this signal (singlet) also
reinforces this assignment. Furthermore, the only signal that integrates to 1 left in the bis(triazole) is



significantly more deshielded (64 = 8.56 ppm) compared with the triazole (64 = 7.69 ppm), owing to
the adjacency of 2 highly electron withdrawing groups, explaining the large shift in the position of this
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Figure 8: Stacked NMR spectra of the products of repeated click reaction with EtN('Pr), added (3.5 eq.)

signal (shown in green on Figure 8). This demonstrates the importance of a Cu(l) ligand to the success
of click chemistry and would have been incorporated in the next attempt of the reaction if more time
were available. Many of the signals appear at very similar chemical shifts in both the triazole and
bis(triazole), indicating that the electron withdrawing effect is relatively localised.

Similarly, the 3C DEPTQ NMR spectra indicate the desired click reaction was successful. In the
molecule bearing a single triazole unit, all the expected signals were observed. Both the 13C and *H
NMR suggest that there is still some trace of the starting alkyne Compound Ill, given the diagnostic
alkyne peaks still present (8¢~ 80 ppm and &4=3.23 ppm ). The peak heights help to, crudely, identify
which C environments are responsible for which signals. Given the symmetry in the carbazole and
phenyl subunits places more than one C atom in the same environment, it is a reasonable assumption
that the largest peaks in the aromatic region can be attributed to these C atoms. The lack of directly
bound protons at quaternary C atoms remove an important relaxation pathway for 3C nuclei, resulting
in signals with very low intensities, that can be distinguished based on their local environments. For
example, those directly bound to N atoms appear furthest downfield, whilst the Br-bound quaternary
C appears at a slightly lower chemical shift.

In the bis(triazole), the symmetry of the molecule aids in understanding its 3*C NMR s 2
spectrum, as this reduces the number of C environments by two. The number of “
signals with the correct orientations are consistent with expectation. By comparing :
the rough peak areas with that of the single triazole species, certain peaks can be
characterised. For example, the signals at 8c= 118.52 ppm, 124.78 ppm and 129.14 N~
ppm in the mono(triazole), roughly double in area in the bis(triazole) spectrum. These @
must therefore be attributable to the C atoms 8, 11 and 15 in Figure 9, as the
populations of these environments also double in the bis(triazole). These can be seen
in Figure 10 in the blue boxes. Given the electron deficiency of C environment 11, the
most deshielded signal (6c=129.14 ppm) has been assigned to this. The largest peaks
(6¢=129.95 ppm and 120.56 ppm) in the aromatic region of the bis(triazole) can be trivially assigned

Figure 9: Click product of
using alkyne and PhN3



to the equivalent protons in the phenyl substituents, based off an estimation from the peak areas, as
shown in the orange boxes of Figure 10. The increase in integration of the quaternary C at 6c=132.94
ppm in the bis(triazole) vs. its monosubstituted analogue suggests this is attributable to the N-bound
C in the phenyl ring (shown in green). The disappearance of the quaternary C signal at 6c= 123.63
ppm (yellow) and the C-H signal at 6c=130.19 ppm (purple) reinforces the symmetry imposed on di-
coupling, as these were originally attributed to the C bound to Br and the C-H bond ortho to the C-Br,
respectively. The peak corresponding to the electron deficient quaternary C in the triazole ring (red)
appears at a similar shift in both compounds, and the increase in signal intensity matches expectation.

2108100537-1-5-jmds1.11 fid e
MF_07_3rdSpot || 13C Observe with multiplicity editing - DEPTQ \L /\/

2108100537-1-4-jmds1.11.fid N

MF_07 2ndspot || 13C Observe with multiplicity editing - DEPTQ
N
N* i Br
N

i
o
=
—
Q.

T v T ' T ' T ' T . T . T " T - T
150 145 140 135 130 125 120 115 110
13C (ppm)

Figure 10: Stacked NMR of triazole and bis(triazole)

CONCLUSION

A new macrocycle, inspired by literature?, expected to be capable of strong anion binding (without
the need for classical hydrogen bonds) was computationally predicted to be TADF active using the
PBEO/6-31G(d,p) method. Intermediates to this macrocycle (Compounds II-1V) were successfully
synthesised, with varying yields, and purified according to procedures given in the literature.?
Concurrently, the di-coupled versions of Compound Il and Compound Il were also synthesised. The
expected structures were supported by the spectroscopic data recorded, and a procedure for
successful click reaction without the need for TBTA was also found.

FUTURE WORK

The remainder of the synthesis should be completed according to the relevant procedures, the
photophysical properties and anion (halide) binding competence of the TC should be measured to
assess the viability of applying TADF to this macrocyclic anion receptor. By varying the substituents
and size of the central cavity, complexation with other molecules could also be investigated.
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2107271219-3-14-mf221.10.fid 2
MF04 monocoupled || 1H Observe 5
T N=OHdO TN AN A DO [}
A N0O ST TN N
WO NNNNNNNNNNNN o
Parameter Value e
1Solvent coci3
2 Acquisition Date 2021-07-27T12:24:25
3Spectrometer Frequency400.30
4Nucleus 1H
Br. N Q
[0l
< N DO H O TN AN A D e
= NLOOSSYTYTmmmA Si_
0 00 NNNKNNNNNNKNKN ~
\/ TN NN
T T T T T T T T T T
82 81 80 79 78 7.7 76 75 74 73
1H (ppm)
| ' l\ l
I ) |
&' 'L o
S oo o
N = O < N a
T T T T T T T T T T T T
12 11 10 8 7 6 5 4 3 2 1
1H (ppm)
2107261157-3-11-mf221.10.fid 8
MFO04 dicoupled redone || 1H Observe 8
S H 0oL T MNHmMOHOAN 0000 0NN O wn
SOOI IITIIIT MMM AN I
WONNMNMNBNBNNNNRNNNNNNNNNNN™S o
B NN NN SRR
Parameter Value
1Solvent CDCI3
2Acquisition Date 2021-07-26T12:04:21
3 Spectrometer Frequency400.30
4Nucleus 1H
- // O
o
SO
T HOOMAN o000 ] 0N~
THOOETLTLLTM N MMM AN NN N
WO NNNNRNNRNNNNNRNNNNRKN
LTI RN il
L
! Sis.
|
|
Nl !
i
Jk “
1
T T T T T T T T T
81 80 79 78 77 76 75 74 73
1H (ppm)
| l
il . 1
ET &
O n T 0 WO (=]
00 ®o o 0
- O = < N —
T T T T T T T T T T T T T
12 11 10 9 8 7 6 5 4 3 2 1 0
1H (ppm)



2107260126-3-19-mf221.10.fid
MFO04 dicoupled || 13C Observe with multiplicity editing - DEPTQ

o o oM
000
aaa
W OoOWNmONTOWNT R voo
Parameter Value CXYOLUmMmO o ~ n o © o
FTHMOMANNNAQ O © NN © 0 S
1Solvent cpci3 Ao H A A A a NN N n T
2 Acquisition Date 2021-07-26T19:51:23 —s\ A ~—
3Spectrometer Frequency100.67
4Nucleus 13C
oS | O
88 5
N | N
N/
VY S‘i<
T T T T T T T
122.0 121.5 121.0 120.5 120.0 119.5 119.0
13C (ppm)
|
1y |
N A
T T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 0
13C (ppm)
2107290159-3-20-mf221.10.fid
MFO6 crude || 1H Observe
Parameter Value )
1Solvent cpci3 2
2 Acquisition Date 2021-07-29T14:08:47 %)
3Spectrometer Frequency400.30 IS8R/ S =
4Nucleus 1H 0 N NKNNKN o
\\T [~ |
< ¥ © N4
= N9 N N
o NN NN Br- Q
(. (.
|
T T T T T T T T T T
82 81 80 79 78 77 76 75 74 73
1H (ppm)
e F bR &
Qoo dQ -
NN O < N -
T T T T T T T T T T T T T
12 11 10 9 8 7 6 5 4 3 2 1 0 -

1H (ppm)



2107290159-3-20-mf221.10.fid
MFO6 crude || 1H Observe

Br N /> L3
ﬁ k
L
i l
2108020147-0-14-mf221.10.fid
MFO7 crude || 1H Observe
F2
.Y W ]
2108020147-0-13-mf221.10.fid
MFO7 diazide || 1H Observe
2
N % F1
N;@ /~>t:>
N3
1 Jd
T T T T T T T T T
12 11 10 9 8 7 6 5 4 -1
1H (ppm)
2108051026-0-4-mf221.10.fid 8
MFO8 pure || 1H Observe 5
N - O W 0
Parameter Value m oMo ~
NNNN o
1Solvent cpai3 Lo —
2 Acquisition Date 2021-08-05T10:32:41
3Spectrometer Frequency500.13
4Nucleus 1H
39 823933978 = N
0 00 NNNNNKNKKNRKN
~— e e Sy
|
I "
o
|
T T T T T T T T T
81 80 79 78 77 76 75 74 73
1H (ppm)
EEE g
N MmN o~
T T T T T T T
12 11 10 9 8 7 6 5

1H (ppm)



€CeE—

€102 9¢°L
0€°L A
CEL Y
mmR“
L
£7°L
Sl A

pot || 1H Observe
Value
cpci3

Parameter

2108100537-1-4-jmds1.10.fid

MF_07_2nds

1Solvent

Br

&
ot

2021-08-10T21:35:06

3Spectrometer Frequency499.93

4Nucleus

1H

2 Acquisition Date

og'L
Nm.nV
gL —
L~
£v'L ]
sv'L
9v°L ]
e
8y L[
Nm.n?
vsL

69°L
9Lt
8L°L
(22N
YT'8—
org/
sT8—

==

[E———

T T T T T T T T T T T
1H (ppm)

83 82 8180 79 78 77 76 75 74 73 7.2

T

u\mdw
s's
07
EVARA

10'C

ﬁw.v
0'T

1H (ppm)

pot || 1H Observe

2108100537-1-5-jmds1.10.fid

MF_07_3rdS,

€102 97°L
8T/
6711
TE'L
6L
oL
[
£vs~E —
wrf————
3.11
152
€51 ﬁ -
ssc i —
8]
o
118
€18

Value
2021-08-10T23:00:13

3Spectrometer Frequencyt99.93

4Nucleus

CDCI3
1H

Parameter
2Acquisition Date

1Solvent

€120 97~
6L~
1E”L
6€L
ot
e
st
ovz ]
Hm.l\
39
ssL
8171
08z
T8
€T'8
sT'8
1578
95°8 ~

~

[ —

T T T T T T
1H (ppm)

8.685848382818079787.776757.47.37.2

€T
k.Nﬁ.w
=119
=Ty
e
€T
u/hm.ﬁ
0'T

1H (ppm)




2108100537-1-4-jmds1.11.fid Parameter Value
MF_07_2ndspot || 13C Observe with multiplicity editing - DEPTQ 1Solvent cpci3
8 8 8 2Acquisition Date 2021-08-10T22:54:58
[alalNa) 3Spectrometer Frequencyl125.72
N d 0NN ANNNOMNOMN M 000 4Nucleus 13C
R BT B B B B B B B B R B B B i B 39
CONVWVWANODNDNNVOILSITMNMO OO 0] NN
ST O OHO MmO MmO ANNNNNNNNNNAO ~N N O
Ea e T I I T I I T B I I IR I I I I ] NN~
e e e | ~—
N ~N N o m NOoO®m N N
QM N ® N © ©°un < ”‘
S oo ® © A o oo 0
M N NN ~N NN N N NN !
oo o — - - - -
- v ‘ N
“ Br
N
N
|
|
|
T T T T T T T T T T T T T
130129128127 126125124 123122121120119118
13C (ppm)
| "

T T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 (o]
13C (ppm)

2108100537-1-5-jmds1.11.fid
MF_07_3rdSpot | | 13C Observe with multiplicity editing - DEPTQ
Parameter Value
1Solvent CDCI3
2 Acquisition Date 2021-08-11T00:20:05 o mm
3Spectrometer Frequencyl25.72 QOO
4Nucleus 13¢ 5885
O 0O
O AN T T NVDLONX—HO O~ MO
NN O NGV NYQ 494
NOOUVUANGONBMMoAO S S 0 a N
g g MmO mHmmHmANANNNNNNNNASO ~N N O
L I T I B B I B I I I I I I NN S
e | ~
< n © ~ 0 o
o~ a o o m m —
oM N N o~ NN o~
- - o — - - — N
N/ |
N N
N | )
N N
i
T T T T T T T |
132 130 128 126 124 122 120 X
13C (ppm)
T T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 0

13C (ppm)



Line#:1 R.Time:12.458(Scan#:1136)

MassPeaks:583

RawMode:Single 12.458(1136) BasePeak:417.10(577631)
BG Mode:None Group 1 - Event 1 Scan
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Line#:1 R.Time:13.175(Scan#:1222)
MassPeaks:590
RawMode:Single 13.175(1222) BasePeak:435.25(154327)
BG Mode:None Group 1 - Event 1 Scan
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Line#:1 R.Time:11.217(Scan#:987)

MassPeaks:629

RawMode:Single 11.217(987) BasePeak:345.05(1137915)
BG Mode:None Group 1 - Event 1 Scan
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Line#1 R.Time:10.733(Scan#:929)

MassPeaks:547

RawMode:Single 10.733(929) BasePeak:291.20(1197446)
BG Mode:None Group 1 - Event 1 Scan
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