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This study describes the palladium-catalyzed caggliof iodopyridines, chlopyridines an
chloroquinoline with atom-economic BiAreagents in sub-stoichiometric loadings. Mono-
arylations of iodo and chloropyridines producedr@gyridines in high yields. Theoupling:
addressed with dihalopyridines have afforded cheerw regio-selective coupling products
Arylations of 2-chloroquinolinewith different triarylbismuth reagents demonstrafeditful
coupling reactivity under the established condgiofhis sumptuous study demonstraties
remarkable cross-coupling
triarylbismuth reagents.

reactivity of iodo/chjpyadines and chloroquinolinewith

1. Introduction

Organometallic reagents exemplify a novel class of
nucleophilic partners in cross-coupling reactionghwhigh
profile reactivity and synthetic applicabilityln particular,
coupling partners such as organobismuth compourgdsan-
toxic and serve as green organometallic reagériore so,
triarylbismuths as lead reagents offer threefoldupting
reactivity with three aryl groups under metal catety
conditions! Importantly, preparation of these compounds
using organo-magnesium, -lithium or -zinc reagearsd
bismuth salts is simple and straightforwar@ihe stable and
robust nature of triarylbismuths is added advantaije these
reagents.

Our determined efforts in recent years have coneibu
immensely to the success of triarylbismuths as efoid
coupling reagents in organic synthe'sign this process, the
synthetic potential of triarylbismuths as threefatdupling
reagents was evaluated in sub-stoichiometric loadimg
reactions with different organic electrophiiesluding aryl and
heteroaryl substrates under palladium reaction itiong?® In
this drive, we have recently enumerated the fadlgtings of
triarylbismuth reagents with bromopyridinesThe brief
couplings of chlord- and iodopyridines and other dihalo
heteroaromatic systeM® known with different bismuth
reagents did not establish the broad reactivity.

*Corresponding author: Tel/Fax: +91-512-2597532;
E-mail: maddali@iitk.ac.in

The significance of functionalized arylated heteybaystems

is well documented in the literature with broaderlapgions

in medicinal and in other fields of chemistfy.This made us

to further explore and elaborate the studies wittorch
fiodopyridines and 2-chloroquinoline in continuatief our
interest in halopyridine couplindsThe present study thus
devoted to establish the general reactivity with cade
emphasis on chemo- and regio-selective couplings as
illustrated in Scheme 1.
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Scheme 1. Representative pyridine couplings with Bikeagents

2. Results and Discussion

Our coupling study was commenced with 3-iodopyridine
and it was explored with Pd(OA#PPh and KPO, in DMF
at 90°C conditions’ Under these conditions, we have seen
facile couplings of 3-iodopyridine with different Ai;
reagents as given in Table 1. Amazingly, this stiutgished



2 Tetrahedron

very high yields of 3-arylpyridines demonstratihg troader
applicability of electronically different triarylsmuth reagents.
The cross-couplings of various triphenylbismuth gesas
functionalized with alkoxy, halo, methyl and trifliwonethyl
groups showed excellent reactivity to afford theregponding
3-arylpyridines (Table 11.1-1.13) in 74-99% vyields.

Table 1. Cross-couplings with 3-iodopyridifi&°

Ar

! AT cat Pd(OA),/4PPR; [
‘ _ + _Bis o N\~
Ar Ar KsPOy4 (6 equiv) N
(3.5 equiv) (1equiv)  DMF, 90°C, 1h (3 equiv)
Entry BiArs 3-Arylpyridine Yield (%)

1 Bi ) 1

/3 N 98
N/
Me
[ \
2 Bi@Me} N 12 %
3 \

\ O'Pr

OMe
4 Bi OMe> 14 99
3 N

X
‘/
N OMe
6 Bi OMe> ‘\ OMe 1.6 97
’3 P
OMe N
Me
- =A0) oy e
3 N
OMe

8 Bi@) B ove 18 9%
\ 5 _
F
9 Bi 4<</_\§> B F 19 )
/)y D
10 Bi@F\ D 1.0 88
/ \

cl
11 Bi@\ X Cl 1.11 89
/s \
[
12 Bi@»u)

3

\

o}

1.12 95

/ CF3
i \

& Conditions: 3-lodopyridine (0.875 mmol, 3.5 equiB)Ar; (0.25 mmol, 1
equiv), Pd(OAc) (0.025 mmol, 10 mol%), PRKH0.1 mmol, 40 mol%),
KsPQ, (1.5 equiv, 6 equiv), DMF, 96C, 1 h® Isolated yields based on
three aryl couplings from BiAr°¢Biaryls formed up to 5%.
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This was a phenomenal coupling reactivity and isremo
convenient in comparison to similar couplings known
literature with other organometallic reagetitsin general,
electronically rich organometallic nucleophiles aspected to
show facile reactivity with good yields, while electically
deficient ones are known to provide poor to modecatupling
yields. Here, we observed a general and facile aogpl
reactivity employing different functionalized triphylbismuth
reagents in good to high yields.

We further examined the couplings with 2-iodopyredin
(Table 2). It was tested under the conditions add®pyridine
and this resulted in poor coupling reactivity witte formation
of 2-(p-anisyl)pyridine2.1 in 24% yield (Table 2, entry 1).
Hence, this was studied under different conditionsrprove
the yield.

Table 2. Optimization for 2-iodopyridine coupling&®

X
N7 3 N

(3.5 equiv) (1 equiv) " :;:uiv) OMe
Entry Bas.e Additiyes Solvent Time Yield
(equiv) (equiv) (°C) (%)
1 KsPQ, (6) - DMF 90 24
2 KOACc (6) NMP 110 71
3 KOAC (6) NMP 90 49
4 KOAC (6) NMP 60 31
5 KOAc(6) TBAB(1) NMP 110 76
6 KOAC (6) TBAI (1) NMP 110 86
7 KOAC (6) TBAI (1) NMP 90 59
8 KOAC (4) TBAI (1) NMP 110 66

9 No base TBAI (1) NMP 110 25
10 KOAc (6) TBAI (1) NMP 110 L3

2 Conditions: 2-lodopyridine (0.875 mmol, 3.5 equiB)(p-anisyl) (0.25

mmol, 1 equiv), Pd(OAg)(0.0125 mmol, 5 mol%), PR1{0.05 mmol, 20
mol%), KOAc (1.5 equiv, 6 equiv), NMP (3 mL), temp,h; ° Isolated

yields® Bianisyl formed in minor amount§.Pd(OAc) (0.025 mmol, 10
mol%), PPh (0.1 mmol, 40 mol%), base, DMF (3 mL), temp, 1h.
without catalyst.

The coupling of 2-iodopyridine carried out usingduiv of
KOACc at 110°C delivered2.1 in 71% vyield (Table 2, entry 2).
This reaction at 98C and 60°C furnished 49% and 31% vyields
(Table 2, entries 3 and 4). Coupling with additiwsh as
tetrabutylammonium bromide (TBAB) or iodide (TBAI)
showed improved yield and it was high up to 86% wiBAT
(Table 2, entries 5 and 6). Again, this conditiotthwiBAI
was studied at 98C (Table 2, entry 7) or with four equiv of
base produced lowered yields (Table 2, entry 8).rtheu
control without base proved to be low yielding (T&aB| entry
9) and the coupling was ineffective in the abserfceatalyst
(Table 2, entry 10). The conditions thus comprigRdfOAc)
(5 mol%)/PPh (20 mol%), KOAc (6 equiv) and TBAI (1
equiv) in NMP at 110°C proved to be effective for 2-
iodopyridine coupling (Table 2, entry 6).

The coupling of 2-iodopyridine was further examineith
different bismuth reagents (Table 3). To start withe
coupling carried out with Bgtanisyly delivered 86% yield
(Table 3,2.1) and BiPh reagent furnished 2-phenylpyridine in
78% vyield (Table 3,2.2). The couplings of BiPhreagent
enriched with 4-methyl, 3,4-dimethoxy or 3-methoxpugps
provided cross-coupled products in 76-85% yieldab(g 3,
2.3-25). Similar study of BiPh functionalized with
deactivating 4-fluoro, 4-chloro, 3-fluoro and Jtroromethyl
groups furnished 2-arylpyridines in 60-71% yieldzlfle 3,
2.6-2.9). The coupling reactivity of BiRhwith vinyl or
protected formyl group also delivered good vyieldakle 3,
2.10-2.11).



Table 3. Cross-couplings of 2-iodopyridiA&®

| X Ar Cat. Pd(OAC), / 4 PPhy | N
| _—
= -+ Bi TBAI (1 equiv) =
NT I Ar T Ar KOAG (6 equiv) N™ CAr
(3.5 equiv) (1 equiv) NMP, 110°C, 2 h (3 equiv)
Entry BiArs 2-Arylpyridine Yield (%)
X
[ L.
1 Bi OMe N 241 86
3
OMe
/) ®
2 B / N 2.2 78
3

Me

OMe
OMe X
|
5 Bi \ Na OMe 25 76
/3
X
\ P
6 Bi F/ N 2.6 71
3
F
| X
7 Bi@CI) N 2.7 65
3
cl
F B
/ L. .
8 Bi N 2.8 66
\ 3
CFs | X
9 Bi@\ N CFa 29 60
/3
X
/NP |
10 Bi j N7 2.10 65
07 /3

/ \
1 Bi@ | L 2.1 64
\ N\ N

/3

2 Conditions: 2-lodopyridine (0.875 mmol, 3.5 equiB)Ars (0.25 mmol, 1
equiv), Pd(OAg) (0.0125 mmol, 5 mol%), PR0.05 mmol, 20 mol%),
KOAc (1.5 mmol, 6 equiv), TBAI (0.25 mmol, 1 equiNMP, 110°C, 2

h. ® Isolated yields based on three aryl couplings ffiArs. © Biaryls

formed up to 10%.

This combined study of Pd-catalyzed cross-couplimig®-
iodo and 3-iodopyridines demonstrated apprecialdeersl
coupling reactivity with triarylbismuth reagents. ferct, these
conditions are more advantageous in comparisoninias
couplings known with either bismutbr indium reagents?

In our previous study with bromopyridinésine of the
focus was to establish the site- and regio-selectougplings
with dibromopyridines. Here, our attempt was to expltre
chemo-selective couplings in view of the facile dmgs
known with iodo- and bromo-pyridines. At the outsetyas a
challenging task as the established couplings ¢ lmmlo and
bromopyridines are quite similar with high reactviDespite
this difficulty, we started the competitive chemleséve
couplings using 2-iodo-5-bromopyridine as givenTable 4.
This was to check the differential reactivity of aio vs 5-

3

bromo position. It was executed with sub-stoichioroet
loading of bismuth reagent towards mono arylatidnwas
reassuring to see the selective mono-arylationth@tmore
reactive 2-iodo position to give 5-bromo-2-arylginies as
chemoselective products in 70-85% vyields (Table242-
2.15). It is to be noted that these chemoselective lougp are
relatively simpler in comparison to the correspoigdi
functionalizations  reported ~ with  organoZiffic and
organoborotf® reagents. If required, further arylation of 5-
bromo-2-arylpyridines at 5-bromo position to obtaldis-
arylated 2,5-diarylpyridine is easy with BiAreagent under
palladium coupling conditions as reported by usiear

Table 4. Chemoselective couplings of 2-iodo-5-bromopyri-
dine with BiAr; reagent”®

Ar
B’\Ej\ 4 Cat Pd(OAC)/4PPhy BF B
AL, T OAT A KOAC (6 equiv) z

N | . Al
(1 equiv) TBAI (1 equiv) N A
(3.5 equiv) NMP, 110°C, 2h (3 equiv)
Entry BiAr; 2-Aryl-5-bromopyridine Yield (%)

242 gy

213 78

Br N
IN/
Br N
| —
N
OMe
OMe Br | N
3 Bi@—OMe\ N OMe 244 85
Ja
OMe
Br N
| 2.15 70
N ‘\
Z el

/
A BH—\</_\>*CI>
= 3

# Conditions: 2-lodo-5-bromopyridine (0.875 mmol5 3equiv), BiAk
(0.25 mmol, 1 equiv), Pd(OA£)(0.0125 mmol, 5 mol%), PRH0.05
mmol, 20 mol%), KOAc (1.5 mmol, 6 equiv), TBAI (&2nmol, 1 equiv),
NMP, 110°C, 2 h.” Isolated yields based on three aryl couplings from
BiAr 3. © Biaryls formed up to 10%.

The cross-coupling study was continued with iodopyed
derivatives like 2-chloro-3,4-diiodopyriditfeand 2-bromo-5-
iodopyridine as illustrated in Table 5. The reatyivof 2-
chloro-4-iodopyridine was tested using the condgion
employed in 3-iodopyridine couplings. It was done hwit
catalytic Pd(OAc) in 1 h and this proved to be useful with the
formation of chemo-selective 4-aryl-2-chloropyridinin 89-
97% vyields (Table 53.1-3.4). The observed reactivity is very
inspiring in comparison to couplings known with agjibnic
acids which require 20 h reflux conditiols.

We further elaborated the study with more competitiv
substrate such as 2-bromo-5-iodopyridine. This agpion
resulted in the realization of the high profile oteselective
couplings at 5-iodo position and the correspondraryl-2-
bromopyridines were obtained in 66-94% vyields (Tdhlé.1-
4.9). This endeavor employing 2-chloro-4-iodopyridisred 2-
bromo-5-iodopyridine showed generalized couplingctigay
in delivering high yields.
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Table 5. Chemoselective couplings of dihalopyridifi$

- Ar Cat. Pd(OAc), / 4 PPhy Ar_:/j
[ + Bi _ [
N™ X Ar”Ar K3PO, (6 equiv) N~ °X
(3.5 equiv) (1 equiv) DMF, 90°C,1h (3 equiv)
X=8Br, Cl
Entry Dihalopyridine Arylpyridine Yield (%)
|
1 [ 3.1 %
N B
—
Nl
| OMe
| X
2 3.2
Nl 7
X
L
N~ cl
F
|
X
3 | X 3.3 93
N~ CI | _
N~
Me
|
X
4 | N 3.4 89
N al |
N7 cCl
! X
I N
5 N” Br | 41 88
P
N Br
MeO
! X
6 | N 4.2 89
N” Br |
N~ “Br
Me
|
S
7 | SN 4.3 94
—
N Br I P>
EtO N Br
I X
8 | | A 4.4 83
—
N~ “Br =
Pr'o N Eg
|
X
9 | \% 45 85
N© Br ="
! X
10 | MeO |- 46 79
~
N~ "Br NT > Br
=
|
X
1 | | ~ a7 72
N" Br F V"
I S
12 | [ 438 66
NTBr al N
|
S
13 | [ 49 75
—
N Br N Br
2 Conditions: 4-lodo-2-chloropyridid-lodo-2-bromopyridine  (0.875

mmol, 3.5 equiv), BiAg (0.25 mmol, 1 equiv), Pd(OAc)0.02 mmol, 8
mol%), PPk (0.08 mmol, 32 mol%), ¥0O, (1.5 mmol, 6 equiv), DMF,
90 °C, 1 h.” Isolated yields based on three aryl couplings fi®irs. ©
Biaryls formed up to 10%.

Tetrahedron

Attempts were made to understand the electronic teffec
aryl substitution in a two-step bis-arylation pracé$able 6).
This was checked in the second step with electrdyical
different bismuth reagents. The bis-arylation stafi§-iodo-2-
bromopyridine was carried out in conjunction with rfou
electronically different triarylbismuth reagentst Ilwas
examined in a one-pot operation with a stepwise madibf
bismuth reagents. After the step 1, second bisna#fent was
added along with ¥2O, (4 equiv) and DMF for step 2 and the
reaction was continued at 8G for 2 h. As given in Table 6,
this study of different combination of bismuth reats
indicated some variation in coupling reactivity.r fexample,
entry 1 shows the arylation in step 1 carried ouh viit(p-
anisyl)bismuth followed by trif-tolyl)bismuth reagent in step
2. In this case, the donating nature of methoxysstution in
5-aryl group was found to have some detrimentalceffe the
second arylation as this made pyridine ring moeetebn rich
leading to poor couplings at 2-bromo position. Heve, have
isolated unsymmetrically substituted 2,5-diarylgiyme 5.1
along with unreacted 5-aryl-2-bromopyridia& after step 2.

Table 6. Bis-couplings with dihalopyridin&®*®

Ar‘ ) Ar?
| " Ar i Ar'
| \ Ar-Blar | N A Bl ‘ A
N Br (1 equiv) N/ Br (1 equiv) N/ AR
(3.5 equiv) Step 1 Step 2 (3 equiv)
Entry BiAr'y BiAr?; 2-Bromo-5-arylpyridine (%) 2,5-Diarylpyridine (%)

/ \ [ A\
W —
1 Bi @OMe‘ Bi—<
T\ /3 \\

. MeO
/3 A
L A\
N~ "Br
4.2,81% 5112% v/
R} %
| Z
N Br
4.1,60% 5.2,35%

Br 20/
4.9,45% d ~OMe

Me

Bi{{})g
" “OMe

Cl

/2 .
3 B Cl|
IQ/g

2 Conditions forstep 1: 2-Bromo-5-iodopyridine (0.875 mmol, 3.5 equiv),
BiAr'; (0.25 mmol, 1 equiv), Pd(OAc}0.02 mmol, 8 mol%), PRI0.08
mmol, 32 mol%), KPQ, (1.5 mmol, 6 equiv), DMF, 90C, 1 h;
Conditions forstep 2: BiAr% (0.25 mmol, 1 equiv), ¥0, (1 mmol, 4
equiv), DMF, 90°C, 2 h.” Isolated yields based on three aryl couplings
from BiArs. © Biaryls formed up to 10%.

Further experimentation was carried out with electalty
different BiAr; combination (Table 6, entries 2 and 3). In these
cases, we have seen an increase in the formatioB,5ef
diarylated products5(2 and5.3) after the step 2 along with
isolation of unreacted mono-arylatedll( and 4.9) products.
This increase in the bis-arylation yield could HlgilButed to
the presence of electronically neutral phenyl oficint 4-
chlorophenyl in 5-position to afford a better canglreactivity
at 2-bromo position. This effort thus uncovered gheferential

couplings associated with differential reactivity of
electronically variant 5-aryl-2-bromopyridines in isb
arylations.

Having seen the encouraging coupling reactivity vigitho
and dihalopyridines, it was time to expedite thelgtwith less
reactive 2-chloropyridin&'* The coupling of 2-chloropyridine

was screened for its reactivity as given in Tabl@he initial
coupling performed using conditions employed for 2-



bromopyridiné couplings failed to deliver the desired product
(Table 7, entry 1). Similar attempt was made with 2-
iodopyridine conditions in the presence of TBAh this case,
we have obtaineg.1 in 5% vyield (Table 7, entry 2). Hence, it
was realized that the conditions employed in eitrbromo or
2-iodopyridine couplings are not suitable for 2erbpyridine
substrate.

Table 7. Screening for 2-chloropyridine couplifgs

X X
@\ + Bi@OMe) P, P
N el 3 N

(3.3 equiv) (1 equiv) 2.1 OMe
(3 equiv)
Entry Catalyst Base Solvent Time T Yield
(equiv) (equiv) (h  (C) (%)
Pd(OAc) q
1 / 4 PPh KOACc (6) NMP 2 110
Pd(OAc) e
2 / 4 PPh KOACc (6) NMP 2 110 &
Pd(OAc)
3 / 4 PPh KOAc (4) DMA 2 90 20
4 Pd(PPb), KOAc (4) NMP 2 90 41
5 Pd(PPH, KOAc (4) DMA 2 90 67
6 Pd(PPh), CsCO;(4) DMA 4 90 81
7 Pd(PPHs CsCO;(6) DMA 4 90 76
8 Pd(PPHs CsCO;(4) DMF 4 90 40
9 Pd(PPHs CsCO;(4) NMP 4 90 60
10 Pd(PPH, CsCO;(4) DMA 3 90 68
11 Pd(PPH, CsCO;(4) DMA 4 60 32
12 None Cg£0s(4) DMA 4 90 -
13 Pd(PPY.  No base DMA 4 60 10

& Conditions: 2-Chloropyridine (0.825 mmol, 3.3 equiBi(p-anisyl}
(0.25 mmol, 1 equiv), base (equiv), catalyst (0328mol, 9 mol%),
solvent (3 mL), temp°C, 2 h." Isolated yields based on three aryl
couplings from BiAg. ¢ Bianisyl formed in minor amount8.Pd(OAc) (5
mol%). ¢ TBAI (0.25 mmol, 1 equiv).

Thus, further investigation was carried out undéfedint
conditions (Table 7, entries 3-5) and encouragirigly search
provided the desired product up to 67% yield ushgPPh),
in DMA with KOAc (Table 7, entry 5) and it was improved to
81% in the presence of £X0; (Table 7, entry 6). Again,
additional amount of base did not show further improent
(Table 7, entry 7). While, investigations with thibaoge of
solvent (Table 7, entries 8 and 9), reaction tinpeta 3 h
(Table 7, entry 10) or heating at 8D proved to be ineffective
(Table 7, entry 11). A control without catalyst didtiurnish
the desired coupling and absence of the base dediveoor
yield (Table 7, entries 12 and 13). Thus, the &ffitcouplings
of 2-chloropyridine could be obtained with Pd(RRhand
Cs,CO; in DMA at 90°C with 4 h conditions (Table 7, entry 6)
and it was considered as our optimized protocolfdiother
study.

The cross-coupling of 2-chloropyridine was then exeuh
with other BiAr reagents. The optimized conditions employed
for this study were proved to be very efficient fiifferent
couplings with 2-chloropyridine and produced 2-ayyigines

5
in 52-92% vyields (Table 8, entries 1-11). We hasenssome
difference in the coupling reactivity with electroally variant
BiAr; reagents. However, the overall outcome amply inditat
the facile coupling reactivity of 2-chloropyridineith our
optimized conditions. Further elaboration with fuactlized
2-chloropyridines substituted with 5-nitro (TableeBitries 12-
18), 3-cyano (Table 8, entries 19-21), 5-methylo(€e8, entry
22) groups was carried out to check their reactivithis
examination delivered functionalized 2-arylpyridinén 68-
98% vyields (Table 8, entries 12-22). At this stagebrief
attention was paid to investigate the regioselectivaplings
with differently substituted dichloropyridines. Tleeseactions
employing different substrates gave selective &iofla at C-2
position with good to excellent yields (Table 8,rarg 23-39).
Overall, the electronic influence of various groups 2-
chloropyridine couplings was positive under the ldihed
conditions. Additionally, a few symmetrical bis-cdings
carried out with 2,6-dichloropyridine gave 2,6-diggyidines
in 75-82% vyields (Table 8, entries 40-42). Thisbelate
examination with electronically variant 2-chloromjries
demonstrated high cross-couplings reactivity. Irct,fathe
earlier known couplings of 2-chloropyridine  with
organobismuth alkoxid& or with triarylbismutfl® reagents
required either higher heating conditions or londgene
durations. Whereas, the present protocol demoastratbust
reactivity under relatively easier coupling cormfits.

In our earlier study, we explored the general ciogpl
reactivity along with regioselective couplings ofrieasly
substituted dibromopyridines. This had establisttezl novel
coupling ability of triarylbismuths both in mono drbis-
arylations with bromopyridinesin this study, the coupling
reactivity of bismuth reagents was extended to lado and
chloropyridines. These substrates also participatieh facile
coupling reactivity as illustrated in egs. 1-3.

P R
TR o
i T - _ .
Far T Kkohe (6 equiv) SN A
3. 5 equnv) (1 equiv) NMP, 110°C, 2 h (3 equiv)

This work
N Ar /j\
i Cat. Pd(OAc), / 4 PPh; Br, Cl
Br, CI (j\ b (OAc), ) - 6. 2]

N7 TBAI (1 equiv) N™ “Ar

(3.5 equiv) (1equiv)  KOACc (6 equiv) (3 equiv)
NMP, 110°C, 2 h
I”j\ Cat. Pd(PPhs), I”j\
i -_——— eq. 3
N"CI Ar Cs,CO; (4 equiv) leq. 3]
(3-3 equiv) (1 equiv)  pya 90°C, 4 h (3 equiv)

For comparison, the couplings of 2-bromopyriding. (&)
or 2-iodopyridine (eq. 2) were affected at 200 2 h condition
while, the couplings with 2-chloropyridine just nedda0 °C
for 4 h (eq. 3) under palladium coupling conditioriBhus we
have established the overall facile coupling redégti of
various 2-halopyridines with triarylbismuth  reagents
Significantly, the chemo- and regio-selective cedpproducts
obtained in this study are useful to prepare stdfdor
medicinal®® photophysicaf and other studie¥.



Ar

N
(3 equiv)

Yield (%)

2-Arylpyridine

o o~ -
3 2 d 2 5 5 8 5 8 8 3 R 5
8 ] 3 & § § 8 & 3 5 8 P 3
I o~ o~ I o~ I o~ o~ I I P P o~
[} [} Q ()] Q () [}
= _ = 0 = 0 = = = =
5 o) w o) = w o) s o) o) 5 ©
z zZ Z — — — —
[&) ) (S} ] o &) [&)
Ty T T T Ty 2z Yy Yy = Ty N 2
\ \ \ \_/ \ 7 N\ 7 \ \ N\ 7 \ 7 _ _ —

2-Chloropyridine

Cat. Pd(PPh3),
Cs,CO3 (4 equiv)
DMA, 90°C, 4 h

S o W S W S W S O o O o O o O
7/ \ = 72 =z A\ \ =z N\H\/AN N\H\/AN N\H\/AN A‘\ |/ > A\ |/\HN A\ |/MN m\ |/MN \ - 72\ 5 7D -
=z [0]
nw_ =

Tetrahedron

Table 8. Couplings of chloropyridines with BiAreagents®®
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# Conditions: Chloropyridine (0.825 mmol, 3.3 equiB)Ar; (0.25 mmol, 1 equiv), GEO; (1 mmol, 4 equiv), Pd(PRR (0.0225 mmol, 9 mol%), DMA, 9fC,
4 h. " Isolated yields based on three aryl couplings fBiArs. ¢ Biaryls formed up to 10%? With 2,6-dichloropyridine (0.412 mmol, 1.65 mmol).

The compatibility of the coupling conditiongasished for
2-chloropyridine was checked in reactions with 2-
chloroquinoline (Table 9). These couplings with eliéfnt
triarylbismuth reagents were proved to be equalljcieht
with the formation of 2-arylquinolines (Table 9, @H4).

Table 9. Coupling of 2-chloroquinolin&®®

Al
_ + |
N~ I Ar

(3.3 equiv)

Cat. Pd(PPh3),4
—_ 2 N,

Cs,CO3 (4 equiv)
DMA, 90°C, 4 h

@\
I ~
N° “Ar

(1 equiv) (3 equiv)

Entry 2-Chloroquinoline 2-Arylquinoline

X

I 6.1 83
S

| 6.2 75
N

Yield (%)

X
L
o
N al
X
2 | B
N” i
L
89
N cl O 6.3
O'Pr

6.4 96
N~ °Cl

& Conditions: 2-Chloroquinoline (0.825 mmol, 3.3 Bu BiAr; (0.25
mmol, 1 equiv), C&£0; (1 mmol, 4 equiv), Pd(PBh (0.0225 mmol, 9

mol%), DMA, 90°C, 4 h." Isolated yields based on three aryl couplings
from BiArs. ¢ Biaryls formed up to 10%.

3. Conclusion

In this study, we have established the viable cogpli
reactivity of triarylbismuths as atom-economic #fodd
coupling reagents in reactions with iodo- and ctpgrines
under palladium protocol conditions. Additionallgetstudy of
2-chloroquinoline also demonstrated the facile tiegyg with
triarylbismuth reagents. This evaluation thus ptbwe be
productive in furnishing good to high coupling yisl with
broad applicability of triarylbismuth reagents iroupling
reactions.

4.Experimental section
4.1. General

Standard methods have been used for purificatioth an
drying of the solvents employed. Coupling readidmave
been performed in oven-dried Schlenk tubes. Th@syhuths
have been obtained following literature methds. 2-
Chloropyridine,  2,4-dichloropyridine, 2,3-dichlongpine,
2,5-dichloropyridine and 2,6-dichloropyridine wererchased
from Avra chemicals. 2-lodopyridin&, 3-iodopyridine? 2-
iodo-5-bromopyridiné’  4-iodo-2-chloropyridiné’ 5-iodo-2-
bromopyridine’* and 2-chloroquinolirfé have been prepared.
Column chromatography was performed on 100-200 mesh
silica gel using hexane:ethyl acetate as elugéhtNMR and
¥C NMR spectra were recorded on a JEOL-Lambda (500
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MHz) spectrometer using CDLCAs solvent. HRMS spectra
were measured on Waters CAB155 GCT Premier analyzer.

4.2. Representative coupling procedures:

4.2.1. Reaction of 3-iodopyridine with BiRmeagent (for Table
1):

An oven dried Schlenk tube was purged with nitroged an
charged with 3-iodopyridine (0.875 mmol, 179.3 mBiPhs
(0.25 mmol, 110 mg), ¥O, (1.5 mmol, 318 mg), Pd(OAL)
(0.025 mmol, 5.6 mg), PR(0.1 mmol, 26.2 mg) followed by
dry DMF (3 mL) under nitrogen atmosphere. The reacti
mixture was stirred in an oil bath at G for 1 h. It was
brought to rt, treated with water (10 mL) and exidctvith
ethyl acetate (2 X 20 mL). The organic extract waated with
brine, dried over anhydrous Mg$@nd concentrated using
rotary evaporator under the reduced pressure. Tideovas
subjected to silica gel column chromatography (5%
EtOAc/hexane) to obtain 3-phenylpyriding.l) as colorless
oil (115 mg, 98%).

4.2.2 Reaction of 2-iodopyridine with Bdanisyly reagent
(for Tables 3 and 4):

The coupling reaction was performed following thegedure
given in 4.2.1 with conditions; 2-iodopyridine (0.875 mmaol,
179.3 mg), Bip-anisylx (0.25 mmol, 132.6 mg), KOAc (1.5
mmol, 147.3 mg), TBAI (0.25 mmol, 92.3 mg), Pd(OAc)
(0.0125 mmol, 2.8 mg), PRD.05 mmol, 13.1 mg), NMP (3
mL), 110°C, 2 h. The produc.1 was obtained as colorless oil
(123 mg, 86%).

4.2.3 Reaction of 5-iodo-2-bromopyridine and BiPteagent
(for Table 5):

The coupling reaction was performed following thegedure
given in4.2.1 with conditions; 5-iodo-2-bromopyridine (0.875
mmol, 248.4 mg), BiPh(0.25 mmol, 110 mg), ¥0, (1.5
mmol, 318 mg), Pd(OAg)(0.02 mmol, 4.5 mg), PRI{0.08
mmol, 20.9 mg), DMF (3 mL), 9%C, 1 h. The product.1 was
obtained as white solid (154 mg, 88%).

4,24 One-pot bis-couplings of 2-bromo-5-iodopyridine (for
Table 6):

An oven dried Schlenk tube was purged with nitroged an
charged with 2-bromo-5-iodopyridine (0.875 mmol, 248
mg), Bi(p-anisyl} (0.25 mmol, 132.6 mg), 0, (1.5 mmol,
318 mg), Pd(OAg) (0.02 mmol, 4.5 mg), PRI{0.08 mmol,
20.9 mg), and DMF (3 mL) under nitrogen atmosph@&iee
reaction mixture was stirred in an oil bath at’@0for 1 h. For
the second coupling, tpftolyl)bismuth (0.25 mmol, 120.5
mg), KsPO, (1 mmol, 212.3 mg) and DMF (3mL) were added
to the Schlenk tube under nitrogen and the stirnmas
continued at 90C for 2 h. It was worked up following the
procedure given ind.2.1. After column chromatography
separation, compounds2 (160 mg, 81%) and.1 (25 mg,
12%) were obtained as white solids.

4.2.5 Reaction of 2-chloropyridine with Bianisyly reagent
(for Tables 8 and 9):

The coupling reaction was performed following thegedure
given in 4.2.1 with the conditions; 2-chloropyridine (0.825
mmol, 93.65 mg), Bf-anisyly (0.25 mmol, 132.6 mg),
CsCO; (1.0 mmol, 325.8 mg), Pd(PPh(0.0225 mmol, 26
mg), DMA (3 mL), 90°C, 4 h. The produ@.1 was obtained as
colorless oil (112 mg, 81%).

4.3.Characterization data:

All products were identified byH and**C NMR, IR, HRMS
spectroscopic analysis. Spectral data Xdr1.10, 1.12, 2.1-
2.17,2.19, 2.20, 2.25, 2.27, 2.38-2.42, 2.46-2.48, 5.1 and6.1-
6.3 products is available in ref. 7. Data of other priduis
given here.

4.3.1. 3-(3-Chlorophenyl)pyridine (1.11): Brown liquid, (128
mg, 89%),R (17.5% EtOAc/Hexane) 0.37;'H NMR (500
MHz, CDCk): 6 8.81 (s, 1H, Ar-H), 8.61 (d] = 4.3 Hz, 1H,
Ar-H), 7.83 (d,J = 7.95 Hz 1H, Ar-H), 7.55 (s, 1H, Ar-H),
7.45-7.35 (m, 4H, Ar-H) ppnt’C NMR (125 MHz, CDGJ)): ¢
148.99, 148.16, 139.61, 135.33, 134.98, 134.36,.3130
128.13, 127.24, 125.28, 123.63 ppm. IR (neat’,l)cr8054,
3033, 1577, 1431, 1393, 1333, 1060, 1027, 998, ABMS
(ES): calcd. for GiHgNCI [M]*189.0345; found 189.0343.

4.3.2. 3-(3-(trifluoromethyl)phenyl)pyridine (1.13): Brown
liquid, (124 mg, 74%)R (17.5% EtOAc/Hexane) 0.26]H
NMR (500 MHz, CDCJ): § 8.85 (d,J = 2.4 Hz, 1H, Ar-H),
8.64 (dd,J = 4.9 Hz, 0.95 Hz, 1H, Ar-H), 7.89 (d,= 7.65 Hz,
1H, Ar-H), 7.81 (s, 1H, Ar-H), 7.76 (d,= 7.3 Hz, 1H, Ar-H),
7.66 (d,J = 7.95 Hz, 1H, Ar-H), 7.60 (] = 7.47 Hz, 1H, Ar-
H), 7.40 (ddJ = 7.95 Hz, 4.85 Hz, 1H, Ar-H) ppmi®C NMR
(125 MHz, CDC})): 6§ 149.19, 148.22, 138.66, 135.22, 134.49,
131.65, 131.40, 130.42, 129.61, 124.82, 124.79,.9123
123.94, 123.70 ppm. IR (neat, '&)’n3037, 2926, 1591, 1571,
1473, 1336, 1267, 1167, 1125, 1061. HRMS XRtalcd. for
Ci.HgFsN [M]*223.0609; found 223.0603.

4.3.3. 2-Chloro-4-phenylpyridine (3.1): White solid (136 mg,
96%), mp 58-60C, R (20% EtOAc/Hexane) 0.45H NMR
(500 MHz, CDCJ): ¢ 8.43 (d,J = 5.15 Hz, 1H, Ar-H), 7.62-
7.60 (m, 2H, Ar-H), 7.54 (s, 1H, Ar-H), 7.51-7.47 (m, 3M;

H), 7.43 (ddJ = 5.15 Hz, 1.7 Hz, 1H, Ar-H) ppr’C NMR
(125 MHz, CDCJ): ¢ 152.15, 151.53, 149.97, 136.79, 129.65,
129.23, 127.01, 122.02, 120.47 ppm. IR (KBr, 313060,
3024, 1605, 1589, 1535, 1459, 1445, 1377, 13005,12827,
1089. HRMS (EY: calcd. for GiHeCIN [M+H]* 190.0424;
found 190.0422.

4.3.4. 2-Chloro-4-(4-methoxyphenyl)pyridine (3.2): Off white
solid (160 mg, 97%), mp 53-5€, R (20% EtOAc/Hexane)
0.29;"H NMR (500 MHz, CDCJ): 6 8.38 (d,J = 5.15 Hz, 1H,
Ar-H), 7.57 (d,J = 8.55 Hz, 2H, Ar-H), 7.50 (s, 1H, Ar-H),
7.39-7.38 (m, 1H, Ar-H), 7.01 (d,= 9.2 Hz, 2H, Ar-H), 3.86
(s, 3H, OMe) ppm*C NMR (125 MHz, CDCJ): 6 160.95,
152.13, 150.99, 149.86, 128.95, 128.24, 121.27,.8B19
114.63, 55.41 ppm. IR (KBr, chr 3019, 2935, 2836, 1611,
1591, 1518, 1462, 1379, 1293, 1277, 1251, 11852,11388,
1048. HRMS (EY: calcd. for G,H,;CINO [M+H]* 220.0529;
found 220.0526.

4.3.5. 2-Chloro-4-(4-fluorophenyl)pyridine (3.3): Off white
solid (145 mg, 93%), mp 123-12@, R (20% EtOAc/Hexane)
0.42;*H NMR (500 MHz, CDCJ): ¢ 8.43 (d,J = 5.15 Hz, 1H,
Ar-H), 7.61-7.58 (m, 2H, Ar-H), 7.50 (s, 1H, Ar-H), 7.39(d
J=5.15 Hz, 1.7 Hz, 1H, Ar-H), 7.19 @,= 8.55 Hz, 2H, Ar-
H) ppm.*C NMR (125 MHz, CDGJ)): § 163.71 (d,Jc.r =
149.57 Hz), 152.25, 150.43, 150.05, 132.91, 128088 =
8.4 Hz), 121.86, 120.28, 116.35 (@, = 21.6 Hz) ppm. IR
(KBr, Cm’l): 3055, 1593, 1534, 1514, 1460, 1375, 1225, 1161,
1133, 1087. HRMS (E$ calcd. for GHsCIFN [M+H]"
208.0329; found 208.0320.

4.3.6. 2-Chloro-4-(m-tolyl)pyridine (3.4): Off white solid (136
mg, 89%), mp 53-54C, R (20% EtOAc/Hexane) 0.40‘H
NMR (500 MHz, CDC)): § 8.41 (d,J = 5.15 Hz, 1H, Ar-H),
7.53 (s, 1H, Ar-H), 7.42-7.36 (m, 4H, Ar-H), 7.28 (dz 7.45
Hz, 1H, Ar-H), 2.43 (s, 3H, Me) ppMiC NMR (125 MHz,



CDCl): & 152.09, 151.68, 149.89, 138.99, 136.76, 130.39,
129.12, 127.70, 124.12, 122.01, 120.49, 21.46 pR{KBr,
cmi’): 3026, 2922, 1587, 1536, 1490, 1462, 1370, 11261,
1038. HRMS (EY: calcd. for G,Hy;CIN [M+H]* 204.0580;
found 204.0583.

4.3.7. 2-Bromo-5-phenylpyridine (4.1)*: White solid, (154 mg,
88%), mp 72-74C, R (10% EtOAc/Hexane) 0.58H NMR
(500 MHz, CDCJ): ¢ 8.58 (d,J = 2.1 Hz, 1H, Ar-H), 7.73 (dd,
J = 2.45 Hz, 8.25 Hz, 1H, Ar-H), 7.55-7.53 (m, 3H, Ar-H),
7.49-7.46 (m, 2H, Ar-H), 7.43-7.40 (m, 1H, Ar-H) pphC
NMR (125 MHz, CDC)): ¢ 148.46, 140.86, 136.95, 136.45,
135.99, 129.21, 128.49, 127.99, 126.99 ppm. IR (KBi):
3038, 1575, 1551, 1446, 1365, 1091, 1001, 993, 880,
HRMS (ES): calcd. for G;HgBrN [M]* 232.9840; found
232.9848.

4.38. 2-Bromo-5-(4-methoxyphenyl)pyridine (4.2)'®: White
solid, (178 mg, 89%), mp 140-14C, R (10% EtOAc/
Hexane) 0.48'H NMR (500 MHz, CDCJ):  8.54 (d,J = 2.4
Hz, 1H, Ar-H), 7.68 (ddJ = 2.45 Hz, 8.25 Hz, 1H, Ar-H), 7.50
(d, J = 8.25 Hz, 1H, Ar-H), 7.47 (d) = 8.6 Hz, 2H, Ar-H),
7.00 (d,J = 8.55 Hz, 2H, Ar-H), 3.85 (s, 3H, OMe) pphiC
NMR (125 MHz, CDC)): ¢ 160.00, 148.00, 140.00, 136.52,
135.63, 128.74, 128.11, 127.93, 114.64, 55.39 pgRM(KBr,
Cm’l): 3012, 2962, 2934, 2837, 1606, 1579, 1550, 12486,
1322, 1288, 1185. HRMS (ES calcd. for G,H,;BrNO
[M+H] " 264.0024; found 264.0023.

4.3.9. 2-Bromo-5-(4-methyl phenyl)pyridine (4.3): White solid,
(176 mg, 94%), mp 112-11%, R (10% EtOAc/Hexane)
0.59;'"H NMR (500 MHz, CDCJ): 6 8.56 (d,J = 2.75 Hz, 1H,
Ar-H), 7.70 (dd,J = 2.45 Hz, 8.25 Hz, 1H, Ar-H), 7.52 (d~
8.25 Hz, 1H, Ar-H), 7.43 (d] = 8.25 Hz, 2H, Ar-H), 7.28 (d}

= 8.25 Hz, 2H, Ar-H), 2.40 (s, 3H, Me) pptiC NMR (125
MHz, CDCk): J 148.28, 140.47, 138.53, 136.74, 135.91,
133.50, 129.91, 127.93, 126.80, 21.16 ppm. IR (KBn):
2911, 1574, 1452, 1361, 1086, 993, 809. HRMS'\Elcd.
for C,H 10BN [M]*246.9997; found 246.9996.

4.3.10. 2-Bromo-5-(4-ethoxyphenyl)pyridine (4.4): White solid,
(173 mg, 83%), mp 119-12fC, R (10% EtOAc/ Hexane)
0.47;'H NMR (500 MHz, CDCJ): 6 8.54 (d,J = 2.55 Hz, 1H,
Ar-H), 7.68 (dd,J = 2.55 Hz, 8.30 Hz, 1H, Ar-H), 7.50 (d=
8.30 Hz, 1H, Ar-H), 7.46 (d] = 8.85 Hz, 2H, Ar-H), 6.98 (d
= 8.55 Hz, 2H, Ar-H), 4.08 (gl = 7.15 Hz, 2H, OEt), 1.44 (,
= 6.95 Hz, 3H, OEt) ppm*C NMR (125 MHz, CDGC)): ¢
159.42, 147.98, 139.94, 136.50, 135.70, 128.56,.0828
127.92, 115.19, 63.60, 14.78 ppm. IR (KBr, 9nB029, 2977,
2932, 2893, 1577, 1546, 1517, 1478, 1419, 13967,18292.
HRMS (ES): calcd. for GzH,BrNO [M]" 277.0102; found
277.0108.

4.3.11. 2-Bromo-5-(4-isopropoxyphenyl)pyridine (4.5); White
solid, (185 mg, 85%), mp 82-8&, R; (10% EtOAc/Hexane)
0.48;"H NMR (500 MHz, CDCJ): 6 8.54 (d,J = 2.55 Hz, 1H,
Ar-H), 7.69 (dd,J = 2.60 Hz, 8.35 Hz, 1H, Ar-H), 7.50 (d=
8.30 Hz, 1H, Ar-H), 7.45 (d] = 8.30 Hz, 2H, Ar-H), 6.97 (d
= 8.60 Hz, 2H, Ar-H), 4.62-4.57 (m, 1H,'®), 1.36 (d,J =
6.00 Hz, 6H, (Pr) ppm.C NMR (125 MHz, CDC)): ¢
158.38, 147.97, 139.90, 136.48, 135.71, 128.41,.1128
127.91, 116.39, 69.99, 21.97 ppm. IR (KBr, 9n2976, 2928,
1606, 1513, 1452, 1286, 1250, 1185, 1121, 1091, 838.
HRMS (ES): calcd. for GH,sBrNO [M+H]* 292.0337; found
292.0334.

4.3.12. 2-Bromo-5-(3-methoxyphenyl)pyridine (4.6); White
solid, (157 mg, 79%), mp 58-6C, R; (10% EtOAc/Hexane)
0.45;"H NMR (500 MHz, CDCJ): 6 8.56 (d,J = 2.30 Hz, 1H,

9
Ar-H), 7.71 (dd,J = 2.55 Hz, 8.30 Hz, 1H, Ar-H), 7.53 (d,
= 8.30 Hz, 1H, Ar-H), 7.38 (i = 8.0 Hz, 1H, Ar-H), 7.11 (dl
= 8.30 Hz, 1H, Ar-H), 7.06-7.04 (m, 1H, Ar-H), 6.95 (dd=
2.60 Hz, 8.30 Hz, 1H), 3.86 (s, 3H, OMe) ppfic NMR (125
MHz, CDCL): ¢ 160.16, 148.48, 140.96, 137.87, 136.98,
135.85, 130.29, 127.96, 119.38, 113.62, 112.886ppm. IR
(KBr, cmi®): 2963, 2935, 2839, 1608, 1581, 1458, 1443, 1294,
1174, 1134, 1087, 1054, 1036. HRMS {EScalcd. for
C1H1:BINO [M+H]" 264.0024; found 264.0023.

4.3.13. 2-Bromo-5-(4-vinylphenyl)pyridine (4.7): White solid,
(141 mg, 72%), mp 107-108C, R (10% EtOAc/Hexane)
0.61;"H NMR (500 MHz, CDCJ): 6 8.58 (d,J = 2.45 Hz, 1H,
Ar-H), 7.73-7.71 (m, 1H, Ar-H), 7.53 (d,= 8.25 Hz, 1H, Ar-
H), 7.51-7.50 (m, 4H, Ar-H), 6.75 (dd,= 10.7 Hz, 17.4 Hz,
1H, Ar-H), 5.82 (d,J = 17.75 Hz, 1H, Ar-H), 5.31 (d] = 11
Hz, 1H) ppm.”*C NMR (125 MHz, CDG)): 5 148.27, 140.85,
137.84, 136.68, 135.97, 135.68, 135.54, 128.01,.08B27
127.02, 114.90 ppm. IR (KBr, ¢t 3042, 2923, 1572, 1453,
1360, 1091, 991, 912, 825. HRMS (Ealcd. for GaHy,BrN
[M+H] " 260.0075; found 260.0078.

4.3.14. 2-Bromo-5-(4-fluorophenyl)pyridine (4.8): White solid,
(125 mg, 66%), mp 116-118C, R (10% EtOAc/Hexane)
0.59;*H NMR (500 MHz, CDCJ): § 8.53 (d,J = 2.45 Hz, 1H,
Ar-H), 7.68 (dd,J = 2.45 Hz, 8.25 Hz, 1H, Ar-H), 7.54-7.48
(m, 3H, Ar-H), 7.16 (tJ = 8.55, 2H, Ar-H) ppm:*C NMR
(125 MHz, CDC)): 5 163.0 (d,"Jer = 266.36 Hz), 148.28,
140.91, 136.79, 13507, 132.61, 128.35 3(1&,F: 8.38 Hz),
128.04, 116.26 (d%Jcr = 21.58 Hz) ppm. IR (KBr, cil):
3054, 1656, 1600, 1578, 1453, 1411, 1163, 11408,1966,
812. HRMS (E9): calcd. for GHgBrFN [M+H]* 251.9824;
found 251.9824.

4.3.15. 2-Bromo-5-(4-chlorophenyl)pyridine (4.9); White
solid, (151 mg, 75%), mp 112-11%, R (10% EtOAc/
Hexane) 0.55'H NMR (500 MHz, CDCJ): 6 8.54 (d,J = 2.45
Hz, 1H, Ar-H), 7.69 (ddJ = 2.75 Hz, 8.30 Hz, 1H, Ar-H), 7.55
(d, J = 8.25 Hz, 1H, Ar-H), 7.48-7.43 (m, 4H, Ar-H) ppf'ﬁC
NMR (125 MHz, CDC)): ¢ 148.24, 141.21, 136.73, 134.88,
134.83, 134.81, 129.43, 128.22, 128.10 ppm. IR (KiBri'):
3049, 1574, 1546, 1454, 1405, 1353, 1092, 997. HRELS):
calcd. for G;H-BrCIN [M] *266.9450; found 266.9450.

4.3.16. 2-(4-Methoxyphenyl)-5-phenylpyridine (5.2)**: White
solid, (70 mg, 35%), mp 168-17C, R (25% EtOAc/Hexane)
0.29;"H NMR (500 MHz, CDCJ): 6 8.90 (d,J = 1.8 Hz, 1H,
Ar-H), 8.05-8.01 (m, 2H, Ar-H), 7.96 (d,= 8.55 Hz, 1H, Ar-
H), 7.76 (d,J = 7.9 Hz, 1H, Ar-H), 7.52-7.47 (m, 3H, Ar-H),
7.42-7.39 (m, 1H, Ar-H), 7.01 (d,= 9.2 Hz, 2H, Ar-H), 3.87
(s, 3H, OMe) ppm>C NMR (125 MHz, CDGJ): 6 160.70,
147.63, 147.20, 135.62, 135.29, 129.11, 128.23,.0528
127.05, 126.87, 120.98, 119.87, 114.24, 55.36 pp(KBr,
cm™): 2958, 1590, 1515, 1445, 1369, 1248, 1180, 11003.
HRMS (ES): calcd. for GgHiNO [M+H]" 262.1232; found
262.1237.

4.3.17. 5-(4-Chlorophenyl)-2-(4-methoxyphenyl)pyridine (5.3):
White solid, (115 mg, 52%), mp 180-182, R; (25% EtOAc/
Hexane) 0.26'H NMR (500 MHz, CDCJ): 5 8.87 (d,J = 2.45
Hz, 1H, Ar-H), 8.03 (dJ = 9.15 Hz, 2H, Ar-H), 7.97 (d] =
7.95 Hz, 1H, Ar-H), 7.79 (d] = 7.95 Hz, 1H, Ar-H), 7.55 (d

= 8.55 Hz, 2H, Ar-H), 7.46 (dl = 8.55 Hz, 2H, Ar-H), 7.01 (d,

J = 8.55 Hz, 2H, Ar-H), 3.87 (s, 3H, OMe) ppMC NMR
(125 MHz, CDC})): 4 161.06, 146.32, 136.07, 135.41, 134.51,
133.41, 129.39, 128.44, 128.30, 128.10, 120.25,.6Bl4
114.40, 55.42 ppm. IR (KBr, chr 2959, 1605, 1515, 1471,
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1419, 1370, 1252, 1179, 1111, 1033, 1019. HRMS)ES
calcd. for GgH,sCINO [M+H]"296.0842; found 296.0845.

4.3.18. 2-(4-Methoxyphenyl)-5-nitropyridine (2.18): Yellow
solid, (169 mg, 98%), mp 118-1AC, R (10% EtOAc/
Hexane) 0.27*H NMR (500 MHz, CDCJ): § 9.44 (d,J = 2.75
Hz, 1H, Ar-H), 8.46 (ddJ = 8.85 Hz, 2.75 Hz, 1H, Ar-H), 8.06
(d, J = 8.85 Hz, 2H, Ar-H), 7.82 (d] = 8.85 Hz, 1H, Ar-H),
7.02 (d,J = 9.15 Hz, 2H, Ar-H), 3.88 (s, 3H, OMe) pphiC
NMR (125 MHz, CDC)): § 162.04, 162.0, 145.26, 142.23,
131.81, 129.54, 129.28, 118.94, 114.51, 55.47 gRM(KBr,
cm’): 3074, 2962, 2840, 1597, 1518, 1437, 1288, 11060.
HRMS (ES): calcd. for GH;N,O; [M]* 230.0691; found
230.0699.

4.3.19. 2-(4-Ethoxyphenyl)-5-nitropyridine (2.21): Yellow
solid, (168 mg, 92%), mp 124-12C, R (10% EtOAc/
Hexane) 0.25'H NMR (500 MHz, CDCJ): § 9.44 (d,J = 2.45
Hz, 1H, Ar-H), 8.47 (ddJ = 8.55 Hz, 2.45 Hz, 1H, Ar-H), 8.05
(d, J = 8.85 Hz, 2H, Ar-H), 7.82 (d] = 8.85 Hz, 1H, Ar-H),
7.01 (d,J = 9.15 Hz, 2H, Ar-H), 4.11 (¢ = 7.05 Hz, 2H,
CH,), 1.45 (t,J = 6.75 Hz, 3H, Ch ppm.**C NMR (125
MHz, CDCk): J 162.06, 161.45, 145.26, 142.19, 131.79,
129.34, 129.27, 118.90, 114.98, 63.70, 14.72 pfn(KBr,
cm’): 2977, 1598, 1572, 1504, 1458, 1423, 1391, 13307,
1255, 1181, 1152, 1116, 1152, 1116, 1050. HRMS')(ES
calcd. for GzH1,N,05 [M]F244.0848; found 244.0842.

4.3.20. 2-(3-Methoxyphenyl)-5-nitropyridine (2.22)*: Yellow
solid, (145 mg, 84%), mp 96-9€, R (10% EtOAc/Hexane)
0.29;'H NMR (500 MHz, CDCJ): 6 9.48 (d,J = 2.55 Hz, 1H,
Ar-H), 8.51 (dd,J = 8.85 Hz, 2.85 Hz, 1H, Ar-H), 7.89 (d~=
8.9 Hz, 1H, Ar-H), 7.67 (s, 1H, Ar-H), 7.62 @@= 7.7 Hz, 1H,
Ar-H), 7.43 (t,J = 8.0 Hz, 1H, Ar-H), 7.06 (ddl = 8.3 Hz, 2.0
Hz, 1H, Ar-H), 3.90 (s, 3H, OMe) ppm°C NMR (125 MHz,
CDCly): 6 162.19, 160.23, 145.16, 142.89, 138.41, 131.89,
130.10, 120.20, 119.95, 116.88, 112.79, 55.45 gRMKBr,
cm’): 3075, 2967, 2841, 1597, 1581, 1518, 1461, 14867,
1351, 1289, 1176. HRMS (B calcd. for G,H;oN,O; [M]*
230.0691; found 230.0697.

4.3.21. 2-(4-Chlorophenyl)-5-nitropyridine (2.23)*: Yellow
solid, (121 mg, 69%), mp 153-155C, R (10%
EtOAc/Hexane) 0.42H NMR (500 MHz, CDCJ): 6 9.47 (d,J

= 2.75 Hz, 1H, Ar-H), 8.52 (dd] = 8.85 Hz, 2.75 Hz, 1H, Ar-
H), 8.04 (d,J = 8.55 Hz, 2H, Ar-H), 7.88 (d] = 8.85 Hz, 1H,
Ar-H), 7.49 (d,J = 8.85 Hz, 2H, Ar-H) ppm**C NMR (125
MHz, CDCkL): § 161.14, 145.30, 142.94, 137.31, 135.40,
132.07, 129.37, 128.92, 119.81 ppm. IR (KBr, $m3094,
1598, 1511, 1578, 1459, 1410, 1343, 1289, 12613.1aRMS
(ES): calcd. for G;H,CIN,O, [M] * 234.0196; found 234.0194.

4.3.22. 2-(4-Fluorophenyl)-5-nitropyridine (2.24): Yellow
solid, (119 mg, 73%), mp 124-12C, R (10% EtOAc/
Hexane) 0.40'H NMR (500 MHz, CDCJ): § 9.47 (dJ = 2.6
Hz, 1H, Ar-H), 8.52 (ddJ = 8.85 Hz, 2.55 Hz, 1H, Ar-H),
8.11-8.08 (m, 2H, Ar-H), 7.86 (d] = 8.55 Hz, 1H, Ar-H),
7.22-7.19 (m, 2H, Ar-H) ppnt’C NMR (125 MHz, CDG)): ¢
164.59 (dJcr = 149.56 Hz), 161.28, 145.26, 142.76, 133.19,
132.02, 129.24 (dJcr = 8.4 Hz ), 119.65, 116.21 (Hcr =
22.78 Hz) ppm. IR (KBr, CH1): 3060, 1904, 1603, 1576, 1588,
1510, 1467, 1347, 1230. HRMS (BScalcd. for GH,FN,O,
[M] *218.0492; found 218.0494.

4.3.23. 2-(3-Methylphenyl)-3-cyanopyridine (2.26): Yellow

solid, (132 mg, 91%), mp 78-8C, R; (10% EtOAc/Hexane)
0.36;'H NMR (500 MHz, CDCJ): 6 8.87 (d,J = 4.6 Hz, 1H,
Ar-H), 8.61 (d,J = 4.9 Hz, 1H, Ar-H), 8.07 (d] = 6.1 Hz, 1H,
Ar-H), 8.0 (d,J = 8.25 Hz, 1H, Ar-H), 7.72 (d] = 5.15 Hz,

2H, Ar-H), 7.32 (d,J = 7.65 Hz, 1H, Ar-H), 2.45 (s, 3H, Me)
ppm.*C NMR (125 MHz, CDG)): § 161.23, 152.82, 152.54,
142.53, 141.84, 138.53, 137.01, 131.04, 129.45,.5128
125.95, 122.16, 121.46, 21.44 ppm. IR (KBr, 3m3058,
2994, 2225, 1954, 1578, 1557, 1436, 1400, 1230. HRMS
(ES): caled. for GsHy;N, [M+H] 7 195.0922; found 195.0920.

4.3.24. 2-(4-Methoxyphenyl)-5-methylpyridine (2.28)*": Yellow
solid, (101 mg, 68%), mp 46-4T, R (10% EtOAc/Hexane)
0.28:'H NMR (500 MHz, CDCJ): § 8.47 (s, 1H, Ar-H), 7.91
(d, J = 8.85 Hz, 2H, Ar-H), 7.56 (d] = 7.9 Hz, 1H, Ar-H),
7.52-7.50 (m, 1H, Ar-H), 6.98 (d,= 8.85 Hz, 2H, Ar-H), 3.85
(s, 3H, OMe), 2.34 (s, 3H, Me) ppriC NMR (125 MHz,
CDCly): ¢ 160.18, 154.36, 149.70, 137.42, 131.78, 130.85,
127.91, 119.37, 114.06, 55.33, 18.10 ppm. IR (K8nY):
2921, 1608, 1514, 1477, 1306, 1273, 1173, 10256,1820.
HRMS (ES): calcd. for GgH1,NO [M+H]* 200.1075; found
200.1072.

4.3.25. 3-Chloro-2-(4-methylphenyl)pyridine (2.29): Colorless
liquid, (149 mg, 97%)R (10% EtOAc/Hexane) 0.28'H
NMR (500 MHz, CDCJ): 6 8.58 (dd,J = 4.6 Hz, 1.25 Hz, 1H,
Ar-H), 7.78 (dd,J = 8.25 Hz, 1.5 Hz, 1H, Ar-H), 7.63 (d,=
8.25 Hz, 2H, Ar-H), 7.27 (d] = 7.95 Hz, 2H, Ar-H), 7.19 (dd,
J = 8.25 Hz, 4.55 Hz, 1H, Ar-H), 2.41 (s, 3H, Me) ppnc
NMR (125 MHz, CDC)): ¢ 156.55, 147.50, 138.78, 138.04,
135.30, 130.07, 129.21, 128.73, 122.77, 21.36 gpRm(neat,
cm'): 3039, 2921, 2863, 1907, 1615, 1571, 1553, 14230,
1028, 1016. HRMS (E$ calcd. for GH;;CIN [M+H]"
204.0580; found 204.0583.

4.3.26. 3-Chloro-2-(4-methoxyphenyl)pyridine (2.30)%: White
solid, (152 mg, 92%), mp 45-4T, R (10% EtOAc/Hexane)
0.22;*H NMR (500 MHz, CDCJ): 6 8.56 (dd,J = 4.55 Hz, 1.4
Hz, 1H, Ar-H), 7.76 (ddJ = 8.0 Hz, 1.45 Hz, 1H, Ar-H), 7.71
(d, J = 8.9 Hz, 2H, Ar-H), 7.17 (dd] = 8.05 Hz, 4.6 Hz, 1H,
Ar-H), 6.99 (d,J = 8.85 Hz, 2H, Ar-H), 3.86 (s, 3H, OMe)
ppm. *C NMR (125 MHz, CDG)): § 160.05, 156.11, 147.49,
138.11, 130.80, 130.62, 129.91, 122.54, 113.4B156pm. IR
(KBr, cm™): 3061, 2936, 2841, 1609, 1570, 1514, 1461, 1431,
1305, 1181, 1028, 1111. HRMS (BScalcd. for G,Hy,CINO
[M+H] *220.0529; found 220.0525.

4.327.  3-Chloro-2-(3-methoxyphenyl)pyridine  (2.31)%:
Colorless liquid, (112 mg, 68%R: (10% EtOAc/Hexane)
0.27;"H NMR (500 MHz, CDCJ): ¢ 8.59 (d,J = 4.9 Hz, 1H,
Ar-H), 7.79 (d,J = 7.95 Hz, 1H, Ar-H), 7.37 () = 7.90 Hz,
1H, Ar-H), 7.30 (d,J = 7.6 Hz, 1H, Ar-H), 7.24-7.21 (m, 2H,
Ar-H), 6.99-6.97 (m, 1H), 3.85 (s, 3H, OMe) ppHC NMR
(125 MHz, CDC}): ¢ 159.26, 156.40, 147.48, 139.42, 138.12,
130.18, 129.07, 123.12, 121.76, 114.85, 114.583FHppm. IR
(neat, cm?): 3046, 2937, 2834, 1601, 1582, 1570, 1455, 1432,
1320, 1300, 1235, 1179, 1028. HRMS {EScalcd. for
C;,H1;CINO [M+H]" 220.0529; found 220.0528.

4.3.28.  3-Chloro-2-(3,4-dimethoxyphenyl)pyridine  (2.32):

White solid, (149 mg, 79%), mp 84-8%C, R (10%

EtOAc/Hexane) 0.12H NMR (500 MHz, CDCJ): 6 8.57 (d,J

= 4.6 Hz, 1H, Ar-H), 7.78 (d] = 7.9 Hz, 1H, Ar-H), 7.37 (d]

= 8.55 Hz, 1H, Ar-H), 7.30 (s, 1H, Ar-H), 7.19 (dii= 8.25
Hz, 4.9 Hz, 1H, Ar-H), 6.95 (d] = 8.25 Hz, 1H, Ar-H), 3.93
(s, 6H, OMe) ppm¥C NMR (125 MHz, CDGJ)): § 156.0,
149.6, 148.5, 147.38, 143.85, 138.27, 130.62, 129.92.64,
122.32, 112.57, 110.40, 55.92 ppm. IR (KBr, 3m2999,
2934, 2835, 1604, 1570, 1519, 1463, 1428, 12707 1PP73,
1027. HRMS (EY: calcd. for GsH;sCINO, [M+H] " 250.0635;
found 250.0638.



4.3.29. 3-Chloro-2-(4-fluorophenyl)pyridine (2.33)*: White
solid, (113 mg, 72%), mp 76-7€, R (10% EtOAc/Hexane)
0.45;*H NMR (500 MHz, CDC)): 5 8.58 (dd,J = 4.6 Hz, 1.2
Hz, 1H, Ar-H), 7.79 (ddJ = 8.25 Hz, 1.5 Hz, 1H, Ar-H), 7.74-
7.71 (m, 2H, Ar-H), 7.22 (ddl = 7.95 Hz, 4.55 Hz, 1H, Ar-H),
7.16-7.13 (m, 2H, Ar-H) ppn’C NMR (125 MHz, CDG)): ¢
163.07 (d,Jc.r = 251.96 Hz), 155.42, 147.56, 138.22, 134.22,
131.34 (dJcr = 8.4 Hz), 130.07, 123.14, 115.05 Jd; = 21.6
Hz) ppm. IR (KBr, cril): 3044, 1911, 1605, 1572, 1514, 1432,
1402, 1297, 1217, 1161, 1130. HRMS {EScalcd. for
C11HgCIFN [M+H]*208.0329; found 208.0321.

4.3.30. 4-Chloro-2-phenylpyridine (2.34)*: Colorless liquid,
(130 mg, 91%)R (20% EtOAc/Hexane) 0.31H NMR (500
MHz, CDCL): 6 8.59 (d,J = 5.7 Hz, 1H, Ar-H), 7.97 (d] =
6.9 Hz, 2H, Ar-H), 7.73 (dJ = 1.7 Hz, 1H, Ar-H), 7.50-7.44
(m, 3H, Ar-H), 7.25-7.24 (m, 1H, Ar-H) ppn®C NMR (125
MHz, CDCL): ¢ 158.95, 150.43, 144.77, 138.04, 129.61,
128.85, 126.97, 122.28, 120.88 ppm. IR (neat’)cr2926,
1572, 1550, 1462, 1443, 1382, 1072. HRMS|E&alcd. for
C1HsCIN [M+H]*190.0424; found 190.0422.

4.3.31. 4-Chloro-2-(4-methoxyphenyl)pyridine (2.35): Colorle-
ss liquid, (160 mg, 97%) (20% EtOAc/Hexane) 0.25H
NMR (500 MHz, CDC})): ¢ 8.54 (d,J = 5.15 Hz, 1H, Ar-H),
7.93 (d,J = 8.6 Hz, 2H, Ar-H), 7.67 (s, 1H, Ar-H), 7.19 @z
4.55 Hz, 1H, Ar-H), 6.99 (d] = 9.15 Hz, 2H, Ar-H), 3.86 (s,
3H, OMe) ppm."“C NMR (125 MHz, CDGCJ): § 160.05,
156.11, 147.49, 138.11, 130.80, 130.62, 129.91,.5#22
113.42, 55.31 ppm. IR (neat, ¢jn 3048, 3003, 2933, 2836,
1608, 1574, 1549, 1514, 1458, 1441, 1421, 13817,1PB49,
1176, 1056, 1029. HRMS (ES calcd. for G.,H;;CINO
[M+H] " 220.0529; found 220.0526.

4.3.32. 4-Chloro-2-(mtolyl)pyridine (2.36): Colorless liquid,
(140 mg, 92%)R; (20% EtOAc/Hexane) 0.35H NMR (500
MHz, CDCk): 6 8.57 (d,J = 5.7 Hz, 1H, Ar-H), 7.80 (s, 1H,
Ar-H), 7.73-7.71 (m, 2H, Ar-H), 7.36 (§ = 7.40 Hz, 1H, Ar-

H), 7.25-7.22 (m, 2H, Ar-H), 2.43 (s, 3H, Me) ppiiC NMR
(125 MHz, CDC)): 6 159.11, 150.36, 144.71, 138.58, 138.0,
130.37, 128.74, 127.67, 124.05, 122.20, 120.92&fpm. IR
(neat, crif): 3042, 1919, 1571, 1550, 1457, 1384, 1370, 1227,
1109, 1063. HRMS (E$ calcd. for GH;;CIN [M+H]"
204.0580; found 204.0583.

4.3.33. 4-Chloro-2-(4-fluorophenyl)pyridine (2.37)®: White
solid, (139 mg, 89%), mp 58-6C, R; (20% EtOAc/Hexane)
0.38;'H NMR (500 MHz, CDCJ): § 8.56 (d,J = 5.15 Hz, 1H,
Ar-H), 7.98-7.94 (m, 2H, Ar-H), 7.67 (d, = 1.7 Hz, 1H, Ar-
H), 7.24-7.22 (m, 1H, Ar-H), 7.17-7.14 (m, 2H, Ar-H) ppm.
¥C NMR (125 MHz, CDGJ): § 163.82 (d,"Jc.r = 148.37 Hz),
157.86, 150.43, 144.83, 134.19, 128.83°0d,- = 8.38 Hz),
122.21, 120.52, 115.80 (tlcr = 21.6 Hz) ppm. IR (KBr, cin
l): 3040, 2924, 1602, 1574, 1555, 1509, 1460, 14384,
1297, 1219, 1158, 1101, 1013. HRMS {EScalcd. for
C11HgCIFN [M+H]*208.0329; found 208.0320.

4.3.34. 2-Chloro-6-phenylpyridine (2.43)%: Colorless liquid,
(115 mg, 81%)R (10% EtOAc/Hexane) 0.78H NMR (500
MHz, CDCL): 6 7.99 (d,J = 6.75 Hz, 1H, Ar-H), 7.72-7.70 (m,
1H, Ar-H), 7.68-7.59 (m, 1H, Ar-H), 7.52-7.42 (m, 2H, Ar;H)
7.27-7.26 (m, 3H, Ar-H) ppnt’C NMR (125 MHz, CDG)): ¢
140.66, 139.27, 137.66, 129.59, 128.80, 126.98,.8622
122.51, 118.65 ppm. IR (neat, Yn3061, 2924, 1577, 1556,
1434, 1395, 1161, 1137, 1058. HRMS {EScalcd. for
C1HsCIN [M+H] " 190.0424; found 190.0422.

4.3.35. 2-Chloro-6-(4-methoxyphenyl)pyridine (2.44)*: White
solid, (117 mg, 71%), mp 80-8Z, R (10% EtOAc/Hexane)

11
0.49;'H NMR (500 MHz, CDCJ): § 7.95 (d,J = 8.9 Hz,
2H, Ar-H), 7.65 (tJ = 7.75 Hz, 1H, Ar-H), 7.57 (dl = 7.7 Hz,
1H, Ar-H), 7.19 (d,J = 7.75 Hz, 1H, Ar-H), 6.97 (d] = 8.85
Hz, 2H, Ar-H), 3.85 (s, 3H, OMe) pprm’iC NMR (125 MHz,
CDCl): 6 160.93, 157.78, 151.21, 139.17, 130.32, 128.34,
121.65, 117.78, 114.14, 55.37 ppm. IR (KBr, §m2961,
2840, 1607, 1582, 1554, 1514, 1434, 1308, 12873,12580,
1167, 1026. HRMS (E% calcd. for G,Hy;CINO [M+H]"
220.0529; found 220.0520.

4.3.36. 2-Chloro-6-(3-methoxyphenyl)pyridine (2.45): Color-
less liquid, (122 mg, 74%); (10% EtOAc/Hexane) 0.55H
NMR (500 MHz, CDC)): 6 7.70-7.67 (m, 1H, Ar-H), 7.63 (d,
J = 7.65 Hz, 1H, Ar-H), 7.56-7.53 (m, 2H, Ar-H), 7.38-7.35
(m, 1H, Ar-H), 7.27-7.24 (m, 1H, Ar-H), 6.98-6.96 (m, 1H,
Ar-H), 3.88 (s, 3H, OMe) ppnt’C NMR (125 MHz, CDG)):

0 160.02, 157.86, 151.26, 139.24, 139.17, 129.72.6¥2
119.34, 118.82, 115.51, 112.20, 55.39 ppm. IR (neat):
2961, 2840, 1607, 1582, 1554, 1514, 1434, 13087,17353,
1180, 1167, 1026. HRMS (ES calcd. for G,H;;CINO
[M+H] " 220.0529; found 220.0520.

4.3.37. 2-(3-Methoxyphenyl)quinoline (6.4)*: White solid,
(169 mg, 96%), mp 40-4X, R, (10% EtOAc/Hexane) 0.36;
'H NMR (500 MHz, CDC)): 6 8.21 (d,J = 8.55 Hz, 1H, Ar-
H), 8.17 (d,J = 8.55 Hz, 1H, Ar-H), 7.86 (d} = 8.55, 1H, Ar-
H), 7.83 (d,J = 7.95 Hz, 1H, Ar-H), 7.76 (s, 1H, Ar-H), 7.74-
7.69 (m, 2H, Ar-H), 7.54-7.51 (m, 1H, Ar-H), 7.43 Jt= 7.90
Hz, 1H, Ar-H), 7.02-7.0 (m, 1H, Ar-H), 3.93 (s, 3H, OMe)
ppm.*C NMR (125 MHz, CDCJ): 6 160.10, 157.12, 148.186,
141.11, 136.77, 131.32, 129.70, 129.65, 127.43,.2827
126.32, 120.0, 119.10, 115.37, 112.66, 55.41 p@Rn(KBr,
cm’): 3058, 3000, 2935, 2833, 1617, 1598, 1556, 14883,
1315, 1247.HRMS (E$: calcd. for GgH;sNO [M]* 235.0997;
found 235.0998.
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C NMR spectrum of 2-chloro-4-(4-methoxyphenyl)pyridine (3.2)
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HRMS spectrum of 2-chloro-4-(4-methoxyphenyl)pyridine (3.2)
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H NMR spectrum of 2-chloro-4-(4-fluorophenyl)pyridine (3.3)
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HRMS spectrum of 2-chloro-4-(4-fluorophenyl)pyridine (3.3)
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"H NMR spectrum of 2-chloro-4-(m-tolyl)pyridine (3.4)
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HRMS spectrum of 2-chloro-4-(m-tolyl)pyridine (3.4)
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'H NMR spectrum of 2-bromo-5-phenylpyridine (4.1)
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C NMR spectrum of 2-bromo-5-phenylpyridine (4.1)




Relative abundance (%)

CAB 155

100 _EI-MS )
[M]" 232.9848
- [M+2]" 234.9835
80 — a
\N Br
i 4.1
60 — +
[M]" calcd. 232.9840
40 —
20 -
O T T T T I v ) |
231 232 233 234 235 236

m/z

HRMS spectrum of 2-bromo-5-phenylpyridine (4.1)

22

1
237



abundance

il

110

lq.ﬂ

L

HJIJEDOL

8
=1 -— 2
1 = =y
] i j8= /”
S
=]
<
- A
2
2]
T Iy T T pu Iy T T T T
10.0 9.0 /\ 80/\ \K‘& 6.0 5.0 4.0 3.0 2.0 1.0
By RS e -
Sy ReB=gESRSES =
S8 SESCSZSSESES S
wnin LV NS SR e
88 SERRRSETIRZ pe

X : parts per Million : 1H

Filename
Author
Experiment
Sample_id
Solvent
Creation_time
Revision_time
Current_time

Comment
Data_format
Dim size

Dim title
Dim units
Dimensions
Site
Spectrometer

Field_strength
X_acq duration
X _domain

X _fregq

X offset
X_points
X_prescans

X resolution
X_sweep
Irr_domain
Irr_freq

Irr offset
Tri_domain
Tri_ freq

Tri_ offset
Clipped
Mod_return
Scans
Total_scans

X 90 _width

X _acq_time
X_angle

X _atn

X pulse
Irr_mode
Tri_mode

Dante_ presat
Initial wait
Recvr_gain
Relaxation_delay
Repetition_time
Temp_get

MeO

RJD755_1H-6.jdf
N.Ahmed

single pulse.ex2
S#576619
CHLOROFORM-D
25-JAN-2012 14:53:27
7-J0L-2012 05:26:13
7-J0L-2012 05:26:32

RJD755_1H
1D COMPLEX
26214

1H

[ppm]

X

ECX 500

DELTA2_ NMR
11.7473579 [T] (500 [MH
3.27155712[s]

1H

500.15991521 [MHz]

5.0 [ppm]
32768

i

0.30566485 [Hz]
10.01602564 [kHz]
1H

500.15991521 [MHz]
5.0 [ppm]

1H

500.15991521 [MHz]
5.0 [ppm]

FALSE

1

32
32

13.25[us]
3.27155712 [s]
45 [deg]

3.99 [dB]
6.625[us]

Off
FALSE

1[s]

50

1[s]
4.27155712 [s]
21.6[acC]

/

4.2

'H NMR spectrum of 2-bromo-5-(4-methoxyphenyl)pyridine (4.2)
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'H NMR spectrum of 2-bromo-5-(4-methylphenyl)pyridine (4.3)
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C NMR spectrum of 2-bromo-5-(4-fluorophenyl)pyridine (4.8)
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"H NMR spectrum of 2-bromo-5-(4-chlorophenyl)pyridine (4.9)
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RJD-7-70
1D COMPLEX
26214

ECX 500
DELTA2 NMR
11.7473579 [T]
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(500 [MH

125.76529768 [MHz]
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4
1.20718268 [Hz]
39.55696203 [kHz]
1H
500.15991521 [MHz]
5.0 [ppm]
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0.82837504 [s]
30 [deg]
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C NMR spectrum of 2-bromo-5-(4-chlorophenyl)pyridine (4.9)
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Filename RJD760_1H-6.jdf

Author N.Ahmed
Experiment single pulse.ex2
Sample id S#121501

Solvent CHLOROFORM-D

Creation_time 20-NOV-2013 01:31:05

Revision_ time 20-NOV-2013 1 2:06
Current_ time = 20-NOV-2013 14:52:30
Data_format = 1D COMPLEX

Dim size 13107

Dim title 1H

Dim units [ppm]

Dimensions

Site ECX 500

Spectrometer = DELTA2_ NMR

Field_strength = 11.7473579 [T] (500 [MH
X_acq_duration 1.63708928 [s]

X_domain 1H

X freq 500.15991521 [MHz]
X offset 5.0 [ppm]

X points 16384

X prescans
X _resolution
X sweep

Irr domain
Irr freq

1
0.61084023 [Hz]
10.00800641 [kHz]
1H

500.15991521 [MHz]

Irr offset 5.0 [ppm]
Tri_domain 1H

Tri_freq 500.15991521 [MHz]
Tri_ offset 5.0 [ppm]
Clipped FALSE
Mod_return i

Scans 32
Total_scans = 32

X 90 width = 13.25[us]

X acq_time = 1.63708928 [s]
X angle 45 [deg]

X_atn 3.99 [dB]
X_pulse 6.625 [us]
Irr_mode Off

Tri_mode Off
Dante_presat FALSE

Initial wait 1[s]
Recvr_gain 48
Relaxation_delay 11[s]

Repetition_time 2.63708928 [s5]
Temp_get = 18.5[4C]

5.2 OMe

'H NMR spectrum of 2-(4-methoxyphenyl)-5-phenylpyridine (5.2)
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C NMR spectrum of 2-(4-methoxyphenyl)-5-phenylpyridine (5.2)
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Electrospray ionisatioin-MS WATERS-Q-Tof Premier-HAB213 11:15:0620-Nov-2013
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HRMS spectrum of 2-(4-methoxyphenyl)-5-phenylpyridine (5.2)
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Filename RJD761_1H-6.3jdf

Author N.Ahmed
Experiment single pulse.ex2
Sample id S#159636

Solvent CHLOROFORM-D

Creation_time 20-NOV-2013 02:34:39

Revision_ time 20-NOV-2013 1 0:13
Current_ time = 20-NOV-2013 15:50:41
Data_format = 1D COMPLEX

Dim size 13107

Dim title 1H

Dim units [ppm]

Dimensions

Site ECX 500
Spectrometer = DELTA2_ NMR

Field_strength = 11.7473579 [T] (500 [MH
X_acq_duration 1.63708928 [s]

X_domain 1H
X freq 500.15991521 [MHz]
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X 90 width = 13.25[us]
X acq_time = 1.63708928 [s]
X_angTle 45 [deg]
X_atn 3.99 [dB]
X_pulse 6.625 [us]
Irr_mode Off
Tri_mode Off
Dante presat FALSE
Initial wait 1[s]
Recvr_gain 54
Relaxation delay 1[s]
Repetition_time 2.63708928 [s]
Temp_get = 18.5[4C]
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"H NMR spectrum of 5-(4-chlorophenyl)-2-(4-methoxyphenyl)pyridine (5.3)
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Filename RJD761_13C-6.3jdf
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Irr atn_dec 19.5 [dB]
Irr_atn_noe 20 [4B]
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Decoupling TRUE
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BC NMR spectrum of 5-(4-chlorophenyl)-2-(4-methoxyphenyl)pyridine (5.3)
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HRMS spectrum of 5-(4-chlorophenyl)-2-(4-methoxyphenyl)pyridine (5.3)
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"H NMR spectrum of 2-(4-methoxyphenyl)-5-nitropyridine (2.18)
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C NMR spectrum of 2-(4-methoxyphenyl)-5-nitropyridine (2.18)
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CHLOROFORM-D
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15-0CT-2013 22:46:12
15-0CT-2013 22:46:41
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Data_format 1D COMPLEX

Dim size 26214

Dim title 1H

Dim units [ppm]

Dimensions

Site = ECX 500

Spectrometer = DELTA2_ NMR

Field strength = 11.7473579 [T] (500 [MH

X_acq_duration = 3.27417856 [s]

X_domain 1H

X_fregq 500.15991521 [MHz]
X offset 5.0 [ppm]

X _points 32768

X_prescans
X resolution
X _sweep

1
0.30542012 [Hz]
10.00800641 [kHz]

Irr_ domain 1H
Irr fregq 500.15991521 [MHz]
o Irr offset 5.0 [ppm]
~ ~& Tri_domain 1H
2 R Tri_ freq 500.15991521 [MHz]
I (2 17/3 - Tri offset 5.0 [ppml
4 Clipped FALSE
Mod_return 1
Scans 16
Total scans 18
X_90_width = 13.25[us]
X acg_time 3.27417856 [s]
X_angle 45 [deg]
X atn 3.99 [dB]
X pulse 6.625[us]
Irr mode Off
Tri mode Off
Dante_ presat FALSE

Initial wait =
Recvr_gain =
Relaxation_delay = 1[s]
Repetition_time = 4.27417856 [s]
Temp_get = 21.8[4ac]
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'"H NMR spectrum of 2-(4-ethoxyphenyl)-5-nitropyridine (2.21)
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1 Filename RJD831_13C-3.jdf
Author N.Ahmed
1 Experiment single pulse dec
Sample id S#594065
1 Solvent CHLOROFORM-D
Creation_time 26-JUN-2012 20:40:16
1 Revision time 15-0CT-2013 2 7:45
Current_time = 15-0CT-2013 22:48:21
Comment RJD-8-31
4 Data_format 1D COMPLEX
Dim size 26214
| Dim title 13¢
Dim units = [ppm]
4 Dimensions X
Site ECX 500
g, Spectrometer = DELTA2 NMR
4 Field_ strength = 11.7473579 [T] (500 [MH
X_acq duration = 0.82837504 [s]
4 X_domain c
X freq 125.76529768 [MHz]
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C NMR spectrum of 2-(4-methoxyphenyl)-5-methylpyridine (2.28)
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Filename
Author
Experiment
Sample_ id
Solvent
Creation_time
Revision time
Current_time

Data_format
Dim_size

Dim title
Dim units -
Dimensions =
Site =
Spectrometer =

Field_strength =
X_acq_duration =
X_domain =
X freq

X offset

X points

X prescans
X resolution
X _ sweep

Irr domain
Irr freq

Irr offset
Tri_domain
Tri_ freq
Tri offset -
Clipped =
Mod_return =

Scans
Total_scans

X 90 _width =
X acq_ time =
X_angle =
X_atn

X pulse

Irr mode
Tri_mode
Dante_presat
Initial wait
Recvr gain
Relaxation delay =
Repetition_time =
Temp_get -

2.29

RJD1045_1H-6.3jdf
N.Ahmed
single pulse.ex2
S#569614
CHLOROFORM-D
5-DEC-2012 14:43:35
16-0CT-2013 1 1:42
16-0CT-2013 19:12:36

1D COMPLEX

ECX 500
DELTA2_ NMR

11.7473579 [T] (500 [MH
3.27417856 [s]

1H

500.15991521 [MHz]
5.0 [ppm.

32768

1

0.30542012 [Hz]
10.00800641 [kHz]
1H

500.15991521 [MHz]
5.0 [ppm]
1H

500.15991521 [MHz]
5.0 [ppm]

FALSE

1

1s
18

13.25[us]
3.27417856 [5]
45 [deg]

3.99 [dB]
6.625 [us]

Off

Off
FALSE

1[s]
4.27417856 [s]
20.1 [aC]

Me

'H NMR spectrum of 3-chloro-2-(4-methylphenyl)pyridine (2.29)
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Filename
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Experiment
Sample_ id
Solvent
Creation_time
Revision time
Current_time

Data_format
Dim_size

Dim title
Dim units
Dimensions
Site
Spectrometer

Field_strength
X_acq_duration
X_domain

X freq

X offset

X points

X prescans

X resolution

X _ sweep

Irr domain

Irr freq

Irr offset
Clipped

Mod_ return
Scans

Total scans

X 90 width
X _acq_time
X _angle

X _atn

X pulse
Irr_atn_dec
Irr_atn_noce
Irr noise
Decoupling
Initial wait
Noe -
Noe_ time
Recvr gain

Relaxation_delay

Repetition_time
Temp_get

\

2.29

RJD1045_13C-3.jdf
N.Ahmed
single pulse dec
S#5798%9
CHLOROFORM-D
5-DEC-2012 16:27:41
16-0CT-2013 19:13:47
16-0CT-2013 19:14:24

1D COMPLEX

ECX 500
DELTA2_ NMR

11.7473579 [T] (500 [MH
0.82837504 [s]

13¢

125.76529768 [MHz]

100 [ppm]

32768

4

1.20718268 [Hz]
39.55696203 [kHz]

1H

500.15991521 [MHz]
5.0 [ppm]
FALSE

1
= 1000
= 1000

9.62 [us]
0.82837504 [5]
30[deg]

7.1[4B
3.20666667 [us]
19.5[dB]

21.5 [aB]
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PC NMR spectrum of 3-chloro-2-(4-methylphenyl)pyridine (2.29)
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X : parts per Million : 1H

Filename
Author
Experiment
Sample_ id
Solvent
Creation_time
Revision time
Current_time

Data_format
Dim_size

Dim title
Dim units
Dimensions
Site
Spectrometer

Field_strength
X_acq_duration
X_domain

X freq

X offset

X points

X prescans

X resolution
X_sweep

Irr domain

Irr freq

Irr offset
Tri_domain
Tri_ freq

Tri offset
Clipped

Mod_ return
Scans
Total_scans

X 90 _width

X acq_ time
X_angle
X_atn

X pulse

Irr mode
Tri_mode
Dante_presat
Initial wait
Recvr gain
Relaxation_delay
Repetition_time
Temp_get

RJD1043_1H-6.3jdf
N.Ahmed
single pulse.ex2
S#578217
CHLOROFORM-D
4-DEC-2012 14:48:46
16-0CT-2013 1 9:42
16-0CT-2013 18:40:11

1D COMPLEX

ECX 500
DELTA2_ NMR

11.7473579 [T] (500 [MH
3.49175808 [s]

1H
500.15991521 [MHz]
5.0 [ppm.

32768

1

0.28638868 [Hz]
9.38438438 [kHz]
1H

500.15991521 [MHz]
4.64216207 [ppm]
1H
500.15991521 [MHz]
5.0 [ppm]

FALSE

1

1s
18

= 13.25[usl]

= 3.49175808 [s]
= 45[deg]

3.99 [dB]
6.625[us]

Off

Off
FALSE

1[s]
4.49175808 [s]
20[ac]

OMe

"H NMR spectrum of 3-chloro-2-(4-methoxyphenyl)pyridine (2.30)
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Creation_time
Revision time
Current_time

Data_format
Dim_size

Dim title
Dim units
Dimensions
Site
Spectrometer

Field_strength
X_acq_duration
X_domain

X freq

X offset

X points

X prescans

X resolution

X _ sweep

Irr domain

Irr freq

Irr offset
Clipped

Mod_ return
Scans

Total scans

X 90 width
X _acq_time
X _angle

X _atn

X pulse
Irr_atn_dec
Irr_atn_noce
Irr noise
Decoupling
Initial wait
Noe -
Noe_ time
Recvr gain

Relaxation_delay

Repetition_time
Temp_get

Cl

N

RJD1043_13C-3.jdf
N.Ahmed
single pulse dec
S#612011
CHLOROFORM-D
4-DEC-2012 16:51:42
16-0CT-2013 1 1:23
16-0CT-2013 18:41:59

1D COMPLEX

ECX 500
DELTA2_ NMR

11.7473579[T] (500 [MH
0.82837504 [s]

136

125.76529768 [MHz]

100 [ppm]

32768

4

1.20718268 [Hz]
39.55696203 [kHz]

1H

500.15991521 [MHz]
5.0 [ppm]
FALSE

1
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9.62 [us]
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C NMR spectrum of 3-chloro-2-(4-methoxyphenyl)pyridine (2.30)
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HRMS spectrum of 3-chloro-2-(4-methoxyphenyl)pyridine (2.30)
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HJEOL

Filename RJD1046 1H-6.jdf
Author N.Ahmed
Experiment single pulse.ex2
Sample_id S#569703

Solvent CHLOROFORM-D

Creation_time 5-DEC-2012 14:50:13
Revision time 16-0CT-2013 1 9:35
Current_time 16-0CT-2013 19:00:04

Data_ format 1D COMPLEX

Dim_size 26214

Dim title 1H

Dim _units = [ppm]
Dimensions =

Site = ECX 500
Spectrometer = DELTA2_ NMR

Field_strength
X_acq_duration

11.7473579 [T] (500 [MH
3.27417856 [s]

X_domain 1H

X _freq 500.15991521 [MHz]
X offset 5.0 [ppm

X points 32768

X prescans 1

X resolution
X_sweep

IFXr domain
Irr freq

Irr offset
Tri_domain

0.30542012 [Hz]
10.00800641 [kHz]
1H

500.15991521 [MHz]
5.0 [ppm]
1H

Tri_freq 500.15991521 [MHz]
Tri offset 5.0 [ppm]

Clipped FALSE

Mod_ return i

Scans 16

Total_scans 18

= X_90_width = 13.25[us]
X acq_time = 3.27417856 [s]
X_angle = 45[degl
X_atn 3.99 [dB]
~ X_pulse 6.625 [us]
[ Irr_mode = Off
g Tri_mode = Off
Dante presat = FALSE

Initial wait
Recvr_gain
Relaxation_delay

= 1[s]
Repetition time = 4.27417856 [s]
Temp_get = 20.5[ac]
N
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"H NMR spectrum of 3-chloro-2-(3-methoxyphenyl)pyridine (2.31)
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4 Filename RJD1046_13C-4.jdf
Author N.Ahmed

1 Experiment single pulse dec

4 Sample_id sS#580088
Solvent CHLOROFORM-D

1 Creation_time 5-DEC-2012 17:03:33
Revision time 16-0CT-2013 1 1:30

Current_time 16-0CT-2013 19:02:08

Data_ format 1D COMPLEX

Dim_size 26214

— Dim title 13¢

i Dim units = [ppm]
Dimensions =

=1 Site = ECX 500
Spectrometer = DELTA2_ NMR

i Field_strength
X_acq_duration

11.7473579 [T] (500 [MH
0.82837504 [s]

] X_domain 13¢

4 X freq 125.76529768 [MHz]
X offset 100 [ppm]

7 X points 32768

4 X prescans 4

X resolution
1 X _ sweep

IFXr domain
Irr freq

1.20718268 [Hz]
39.55696203 [kHz]
1H

500.15991521 [MHz]

1 Irr offset 5.0 [ppm]
| Clipped FALSE
Mod_ return 1
4 Scans = 1000
| Total_ scans = 1000
1 X 90 width 9.62 [us]
X _acq_time 0.82837504 [5]
1 X_angle 30 [deg]
| X _atn 7.1[4aB
X pulse 3.20666667 [us]
1 Irr_atn_dec 19.5 [dB]
1 Irr_atn_noce 21.5 [aB]
Irr noise WALTZ
- Decoupling = TRUE
| Initial wait = 1[sl
Noe = TRUE

b Noe_ time
Recvr gain
Relaxation_delay

= 1[s]
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Temp_get 20.9 [acC]
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HRMS spectrum of 3-chloro-2-(3-methoxyphenyl)pyridine (2.31)
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X_domain
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X points
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X_sweep
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Irr offset
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RJD1054_1H-6.3jdf
N.Ahmed

single pulse.ex2
S#419882
CHLOROFORM-D
11-DEC-2012 10:31:57
16-0CT-2013 18:22:07
16-0CT-2013 18:22:30

1D COMPLEX

ECX 500
DELTA2_ NMR

11.7473579 [T]
3.27417856 [s]
1H

500.15991521 [MHz]
5.0 [ppm.

32768

1

0.30542012 [Hz]
10.00800641 [kHz]
1H

(500 [MH

500.15991521 [MHz]
5.0 [ppm]
1H

500.15991521 [MHz]
5.0 [ppm]

FALSE

1

1s
18

13.25[us]
3.27417856 [5]
45 [deg]

3.99 [dB]
6.625 [us]

Off

Off
FALSE

1[s]
4.27417856 [s]
20.2[4ac]
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"H NMR spectrum of 3-chloro-2-(3,4-dimethoxyphenyl)pyridine (2.32)
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HJEOL

Filename RJD1054 13C-4.jdf
Author N.Ahmed

Experiment single pulse dec
Sample_id S#501872

Solvent CHLOROFORM-D
Creation_time 11-DEC-2012 13:37:36
Revision time 16-0CT-2013 1 5:29
Current_time = 16-0CT-2013 18:25:57

Data_ format 1D COMPLEX

Dim_size 26214

Dim title 13¢

Dim units = [ppm]
Dimensions =

Site = ECX 500
Spectrometer = DELTA2_ NMR

Field_strength
X_acq_duration

11.7473579 [T] (500 [MH
0.82837504 [s]

X_domain 13¢

X _freq 125.76529768 [MHz]
X offset 100 [ppm]

X points 32768

X prescans 4

1.20718268 [Hz]

X _resolution
39.55696203 [kHz]
1H

X _ sweep
IFXr domain

Irr freq 500.15991521 [MHz]

Irr offset 5.0 [ppm]
Clipped FALSE

Mod_ return 1

Scans = 688

Total scans = &s8
X_90_width 9.62 [us]

X _acq_time 0.82837504 [5]
X_angle 30 [deg]

X _atn 7.1[4aB

X pulse 3.20666667 [us]
Irr atn_dec 19.5 [dB]
Irr_atn_noe 21.5 [aB]

Irr noise WALTZ
Decoupling = TRUE

Initial wait = 1[s]

Noe - = TRUE

Noe_ time
Recvr gain
Relaxation_delay

= 1[s]
Repetition _time = 1.82837504 [s]

Temp_get 20.1[acC]
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C NMR spectrum of 3-chloro-2-(3,4-dimethoxyphenyl)pyridine (2.32)
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HRMS spectrum of 3-chloro-2-(3,4-dimethoxyphenyl)pyridine (2.32)
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Dim_size

Dim title
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Dimensions
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Spectrometer
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X_domain
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X offset

X points
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X resolution
X_sweep

Irr domain
Irr freq

Irr offset
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Tri offset
Clipped

Mod_ return
Scans
Total_scans
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2.33

RJD1053_1H-6.3jdf
N.Ahmed

single pulse.ex2
S#419702
CHLOROFORM-D
11-DEC-2012 10:18:30
16-0CT-2013 18:09:49
16-0CT-2013 18:10:26

1D COMPLEX

ECX 500
DELTA2_ NMR

11.7473579 [T] (500 [MH
3.27417856 [s]

1H
500.15991521 [MHz]
5.0 [ppm.

32768

1

0.30542012 [Hz]
10.00800641 [kHz]
1H

500.15991521 [MHz]
5.0 [ppm]
1H

500.15991521 [MHz]
5.0 [ppm]

FALSE

1

1s
18

13.25[us]
3.27417856 [5]
45 [deg]

3.99 [dB]
6.625 [us]

Off

Off
FALSE

1[s]
4.27417856 [s]
20.3 [aC]

Cl

F

'H NMR spectrum of 3-chloro-2-(4-fluorophenyl)pyridine (2.33)
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HJEOL

Filename RJD1053 13C-3.jdf
Author N.Ahmed

Experiment single pulse dec
Sample_id S#581238

Solvent CHLOROFORM-D
Creation_time 11-DEC-2012 18:38:58
Revision time 16-0CT-2013 1 3:15
Current_time = 16-0CT-2013 18:13:49

Data_ format 1D COMPLEX

Dim_size 26214

Dim title 13¢

Dim units = [ppm]
Dimensions =

Site = ECX 500
Spectrometer = DELTA2_ NMR

Field_strength
X_acq_duration

11.7473579 [T] (500 [MH
0.82837504 [s]

X_domain 13¢

X _freq 125.76529768 [MHz]
X offset 100 [ppm]

X points 32768

X prescans 4

X resolution
X _ sweep

IFXr domain
Irr freq

1.20718268 [Hz]
39.55696203 [kHz]
1H

500.15991521 [MHz]

Irr offset 5.0 [ppm]
Clipped FALSE

Mod_ return 1

Scans = 1000

Total_ scans = 1000
X_90_width 9.62 [us]

X _acq_time 0.82837504 [5]
X_angle 30 [deg]

X _atn 7.1[4aB

X pulse 3.20666667 [us]
Irr atn_dec 19.5 [dB]
Irr_atn_noe 21.5 [aB]

Irr noise WALTZ
Decoupling = TRUE

Initial wait = 1[s]

Noe = TRUE

Noe_ time
Recvr gain
Relaxation_delay

= 1[s]
Repetition _time = 1.82837504 [s]

Temp_get 20.8[ac]
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C NMR spectrum of 3-chloro-2-(4-fluorophenyl)pyridine (2.33)
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Filename RJD13121 1H-&6.3jd4df

Author N.Ahmed
Experiment single pulse.ex2
Sample id S#362965

Solvent CHLOROFORM-D

3-JAN-2014 08:11:23
14-JAN-2014 21:39:54

Creation_time
Revision_ time

Current_ time = 14-JAN-2014 21:40:16
Data_format = 1D COMPLEX

Dim size 13107

Dim_title 1H

Dim units [ppm]
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Site ECX 500
Spectrometer = DELTA2_ NMR

Field_strength = 11.7473579 [T] (500 [MH
X_acq_duration = 1.74587904 [s]

X_domain 1H

X freq 500.15991521 [MHz]
X offset 5.0 [ppm]

X points 16384

X prescans
X _resolution
X_sweep

1
0.57277737 [Hz]
9.38438438 [kHz]

Irr domain 1H
Irr freq 500.15991521 [MHz]
Irr offset 5.0 [ppm]
Tri_domain 1H
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Clipped FALSE
Mod_return i
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X_atn 3.99 [dB]
X_pulse 6.625 [us]
Irr_mode Off
Tri_mode Off
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Relaxation_delay 1.4[s]

Repetition_time 3.14587904 [s]
Temp_get = 19[dc]
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"H NMR spectrum of 4-chloro-2-phenylpyridine (2.34)
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Field_strength = 11.7473579 [T] (500 [MH
X_acq_duration 0.82837504 [s]

X_domain 13¢

X freq 125.76529768 [MHz]
X offset 100 [ppm]

X points 32768
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X _resolution
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Irr domain
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4
1.20718268 [Hz]
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Clipped = FALSE
Mod_return =1
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X 90 width 9.62 [us]
X_acq_time 0.82837504 [s]
X_angle 45 [deg]
X _atn 7.1 [dB]
X_pulse 4.81 [us]
Irr atn_dec 19.5 [dB]
Irr_atn_noe 20 [4aB]
Irr noise WALTZ
Decoupling TRUE
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3C NMR spectrum of 4-chloro-2-phenylpyridine (2.34)
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HRMS spectrum of 4-chloro-2-phenylpyridine (2.34)
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"H NMR spectrum of 4-chloro-2-(4-methoxyphenyl)pyridine (2.35)
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Dim size = 26214
Dim_title = 13C
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Dimensions = X
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3C NMR spectrum of 4-chloro-2-(4-methoxyphenyl)pyridine (2.35)
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Electrospray ionisatioin-MS WATERS-Q-Tof Premier-HAB213 14:18:2015-Jan-2014
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HRMS spectrum of 4-chloro-2-(4-methoxyphenyl)pyridine (2.35)
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Filename RJD13120 1H-6.3jdf

Author N.Ahmed
Experiment single_pulse.ex2
Sample id S#465421

Solvent CHLOROFORM-D

27-DEC-2013 11:02:24
14-JAN-2014 22:21:20

Creation_time
Revision_time

Current_time = 14-JAN-2014 22:21:40
Data_format = 1D COMPLEX

Dim size 13107

Dim title 1H

Dim units [ppm]

Dimensions X

Site ECX 500
Spectrometer = DELTA2_ NMR

Field_strength = 11.7473579 [T] (500 [MH
X_acq_duration 1.74587904 [s]

X_domain 1H

X freq 500.15991521 [MHz]
X offset 5.0 [ppm]

X_points 16384

X_prescans
X _resolution
X sweep

1
0.57277737 [Hz]
9.38438438 [kHz]

Irr domain 1H
Irr freq 500.15991521 [MHz]
Irr offset 5.0 [ppm]
Tri_domain 1H
. Tri_freq 500.15991521 [MHz]
n Tri offset 5.0 [ppm]
- 13 0 Clipped FALSE
= - Mod_return =1

Scans 32
Total_scans = 32
X_ 90 width = 13.25[us]
X _acq_time = 1.74587904 [s]
X_angle 45 [deg]
X_atn 3.99 [dB]
X_pulse 6.625 [us]
Irr_mode £
Tri_mode Off
Dante presat FALSE
Initial wait 1[s]
Recvr_gain 50
Relaxation delay 1[s]
Repetition_time 2.74587904 [s]
Temp_ get = 18.4 [4C]
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'H NMR spectrum of 4-chloro-2-(3-methylphenyl)pyridine (2.36)
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Current_time = 14-JAN-2014 22:30:10
Data_format = 1D COMPLEX

Dim size 26214

Dim title 13¢

Dim units [ppm]

Dimensions

Site ECX 500
Spectrometer = DELTA2_ NMR

Field_strength = 11.7473579 [T] (500 [MH
X_acq_duration 0.82837504 [s]

X_domain 13¢

X freq 125.76529768 [MHz]
X offset 100 [ppm]

X_points 32768
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X _resolution
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Mod_ return 1
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Total_scans = 1000
X_90_ width 9.62 [us]
X _acq_time 0.82837504 [5]
X_angle 45 [deg]
X _atn 7.1 [4B]
X _pulse = 4.81 [us]
Irr atn_dec 19.5 [dB]
Irr_atn_noe 20.5 [dB]
Irr noise WALTZ
Decoupling TRUE
Initial wait 1l[s]
Noe TRUE
Noe_time 1[s]
Recvr_gain 58
Relaxation delay 1[s]
Repetition_time 1.82837504 [5]
Temp_ get = 19.8[4cC]
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PC NMR spectrum of 4-chloro-2-(3-methylphenyl)pyridine (2.36)
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Electrospray ionisatioin-MS WATERS-Q-Tof Premier-HAB213 12:46:2415-Jan-2014
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HRMS spectrum of 4-chloro-2-(3-methylphenyl)pyridine (2.36)
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Spectrometer
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X freq

X offset
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Irr freq

Irr offset
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'H NMR spectrum of 4-chloro-2-(4-fluorophenyl)pyridine (2.37)
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HRMS spectrum of 4-chloro-2-(4-fluorophenyl)pyridine (2.37)
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"H NMR spectrum of 6-chloro-2-phenylpyridine (2.43)
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HRMS spectrum of 6-chloro-2-phenylpyridine (2.43)
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X_acq_duration
X_domain

X freq

X offset

X points

X prescans

X resolution
X_sweep

Irr domain

Irr freq

Irr offset
Tri_domain
Tri_ freq

Tri offset
Clipped

Mod_ return
Scans
Total_scans

X 90 _width

X acq_ time
X_angle
X_atn

X pulse

Irr mode
Tri_mode
Dante_presat
Initial wait
Recvr_gai

n
Relaxation_delay

Repetition_time
Temp_get

RJD1044_1H-6.3jdf
N.Ahmed
single pulse.ex2
S#579297
CHLOROFORM-D
4-DEC-2012 14:55:27
16-0CT-2013 1 1:58
16-0CT-2013 19:32:17

1D COMPLEX

ECX 500
DELTA2_ NMR
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3.49175808 [s]
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500.15991521 [MHz]
5.0 [ppm.

32768

1

0.28638868 [Hz]
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500.15991521 [MHz]
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20[ac]
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"H NMR spectrum of 6-chloro-2-(4-methoxyphenyl)pyridine (2.44)
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Filename RJD1044 13C-4.3jd4df
Author N.Ahmed

Experiment single pulse dec
Sample_id S$#611790

Solvent CHLOROFORM-D
Creation_time 4-DEC-2012 16:16:00
Revision time 16-0CT-2013 1 4:59

Current_time 16-0CT-2013 19:35:54

Data_ format 1D COMPLEX

Dim_size 26214

Dim title 13¢

Dim units = [ppm]
Dimensions =

Site = ECX 500
Spectrometer = DELTA2_ NMR

Field_strength
X_acq_duration

11.7473579 [T] (500 [MH
0.82837504 [s]

X_domain 13¢

X _freq 125.76529768 [MHz]
X offset 100 [ppm]

X points 32768

X prescans 4

X resolution
X _ sweep

IFXr domain
Irr freq

1.20718268 [Hz]
39.55696203 [kHz]
1H

500.15991521 [MHz]

Irr offset 5.0 [ppm]
Clipped TRUE

Mod_ return 1

Scans = 1000

Total_ scans = 1000
X_90_width 9.62 [us]

X _acq_time 0.82837504 [5]
X_angle 30 [deg]

X _atn 7.1[4aB

X pulse 3.20666667 [us]
Irr atn_dec 19.5 [dB]
Irr_atn_noe 21.5 [aB]

Irr noise WALTZ
Decoupling = TRUE

Initial wait = 1[s]

Noe - = TRUE

Noe_ time
Recvr gain
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1 Author = N.Ahmed
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1 Solvent = CHLOROFORM-D
= Creation_time = 22-DEC-2012 09:49:31
2l Revision time = 16-0CT-2013 20:00:03
] Current_ time = 16-0CT-2013 20:00:31
7 Data_ format = 1D COMPLEX
o Dim size = 26214
] Dim title = 1H
E Dim units = [ppml
Dimensions = X
B Site = ECX 500
B Spectrometer = DELTA2 NMR
] Field strength = 11.7473579 [T] (500 [MH
] X_acq_duration = 3.27417856 [s]
] X domain = 1H
1 X freq = 500.15991521 [MHz]
X offset = 5.0 [ppm]
4 X_points = 32768
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1 x:Easolution = 0.30542012 [Hz]
] X sweep i = 10.00800641 [kHz]
- Irr domain = 1H
] Irr freq = 500.15991521 [MHz]
E Ir§7°££szt = 5.0 [ppm]
Tri_ domain = 1H
Tri freq = 500.15991521 [MHz]
3 Tri_offset = 5.0 [ppm]
E Clipped = FALSE
B Mod_ return = 1
] Scans 16
1 Total scans = 16
X 90 width = 13.25[us]
X acq time = 3.27417856 [s]
E X angle = 45[deg
- X atn = 3.99[dB]
] X pulse = 6.625[us]
3 Irr mode off
] = Tri_mode = Off
E = = Dante presat = FALSE
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= Relaxation delay = 1([s]
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Filename RJD1082 1H-6.jdf
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Experiment single pulse.ex2
Sample_id S#431655

Solvent CHLOROFORM-D
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16-0CT-2013 01:04:33
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Creation_time
Revision_time
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Data_format 1D COMPLEX

Dim size = 26214

Dim title = 1H

Dim units = [ppml
Dimensions =X
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Spectrometer = DELTA2_ NMR

Field_strength
X_acq_duration

11.7473579 [T] (500 [MH
3.27417856 [s]

X domain = 1H

X fregq = 500.15991521 [MHz]
X offset = 5.0 [ppm]

X points = 32768

X_prescans =1

X_resolution = 0.30542012 [Hz]

X _sweep = 10.00800641 [kHz]
Irr_domain = 1H

Irr freq = 500.15991521 [MHz]
Irr offset = 5.0 [ppm]
Tri_domain = 1H

Tri_ freq = 500.15991521 [MHz]
Tri_offset = 5.0 [ppm]

Clipped = FALSE

Mod_return =1

Scans = 16

Total scans = 16

X 90 width = 13.25[us]

X acgq time = 3.27417856 [s]
X_angle = 45 [deg]

X atn = 3.99[4B]

X _pulse = 6.625[us]

Irr mode = Off

Tri_mode = Off

Dante_presat = FALSE

Initial wait = 1[s]

Recvr_gain = 50
Relaxation_delay = 1[s]
Repetition_time = 4.27417856 [s]
Temp_get = 20.6[4acC]
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"H NMR spectrum of 2-(3-methoxyphenyl)quinoline (6.4)
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Revision_time
Current_ time
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Data format 1D COMPLEX

Dim size = 26214
Dim_title = 13C

Dim units = [ppm]
Dimensions =X

Site = ECX 500
Spectrometer = DELTA2_ NMR

Field strength = 11.7473579[T] (500 [MH
X acq duration = 0.82837504 [s]

X domain = 13C

X freq = 125.76529768 [MHz]

X offset = 100 [ppm]

x__points = 32768

X_prescans 4

X resolution 1.20718268 [Hz]
X sweep 39.55696203 [kHz]
Irr domain 1H

Irr freq 500.15991521 [MHz]
1

Irr offset = 5.0 [ppm.
Clipped = FALSE

Mod return = 1

Scans = 1000
Total_scans = 1000

X 90 width = 9.62[us]

X acq_time = 0.82837504 [s]
X angle = 30[deg]

X _atn = 7.1[dB]

X pulse 3.20666667 [us]
Irr_atn_ dec 19.5 [dB]

Irr atn_ noe

Irr noise WALTZ
Decoupling TRUE
Initial wait 1[s]
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Repetition_ time
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