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A direct C-H arylation of amoheterocycles with arylhydrazine hydrochloridessvdevelope
The reaction proceeds via a homolytic aromatic stwiien mechanism involvingryl radical
as the intermediates.
presence of an inexpensive base. Moreover, théividaof this radical arylation correlated w
the HOMO energy of aminoheterocycles. This metheoavides not only a rapid access
diverse arylated heterocycles, but also an atoroieft alternative to conventional transition-
metal-catalyzed cross-coupling between halidesoaganometallics.

The new reaction takes pkerdily at room temperature in air and in

2009 Elsevier Ltd. All rights reserved

1. Introduction

The use of transition-metal catalysts helped tidigmevelop
aromatic coupling reactions, which are very impatria organic
chemistry, e.g., Mizoroki—-Heck reacti(’)n,Suzuki—Miyaura

coupling? and Negishi coupling.The great success of cross-

coupling reactions using transition-metal catalyltd to the
Nobel Prize in chemistry in 2010. To use these i@astin
industrial scale, however, researchers in compasfies face to
the following problems: 1) Most of the transitiontalecatalysts,
e.g., Pd catalysts, are very expensive, and sonfeof are toxic.
2) The removal of transition metal residues frone tiarget
products is very costly. Therefore, the developn@raromatic
substitutions in the absence of transition-metalalgats is
strongly desired from practical perspective.

A conceptually different approach about aromaticsstition
is the direct C—H radical arylation of arenes inuulyv a
homolytic aromatic substitution (HAS) mechaniSmA similar
type of reaction was first reported by Gomberg andhBeann in
1924° Recently, much attention has been paid to the aise
arylhydrazines as the radical sources in HAS mechgahisew
elegant arylations of anilines with arylhydrazinesr o
aryldiazonium salts have been reported to be a abéu
alternative to transition-metal-based arylatiénn the reported
reaction systems, the free amino functionality oilises led to
high ortho regioselectivities, and 2-arylanilinesavé been
synthesized in reasonable yields.

Substituted heterocycles are valuable building kddo many
fields such as medicinal chemistry and materiaiense. In
particular, an important subgroup of substitutetefueycles is
diaminoheterocycles. For example, lamotrigine waskigped as
an anticonvulsant for the treatment of bipolar espion’
Moreover, compound8 andB are selective NA.8 modulators

(Figure 1).
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Figure 1. Lamotrigine and compoundsandB.

Our company manufactures aromatic diamines, whicmate
only useful as the raw materials of functional ptastbut also
significant as the polymer intermediates for aeagsp
applications and information technology. Therefave studied
the practical arylation of heterocyclic diamines heiit using
transition-metal catalysts. Particularly, the chafe was to
perform the radical arylation of aminoheterocyclegth
regioselectivity. Recently, the direct arylation pfridines with
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arylhydrazine hydrochlorides under mild conditiongas Next, 2-aminopyridine2b underwent cross-coupling reaction
reported, although the regioselectivity of thislafipn reaction at the 3-position preferentially, affordin@ab and 3cb in
was not satisfactor§. moderate yields (entries 10 and 11). Moreover, isswted and

5,6-disubstituted 2-aminopyridines produced theresponding
products3ac 3ad, 3ag 3af, and3bf in moderate yields (entries
12-16). Further, 3-aminopyridin2g underwent cross-coupling
reaction at the 2-position preferentially, furnigi3ag-3cg in
moderate-to-good yields (entries 17-19). A reporediative
chlorination of2g with hydrochloric acid and hydrogen peroxide
showed similar regioselectivity, resulting in thelachnation of
¢2g at the 2-positiorl As shown in entries 17-19, 4-isomers
3ad-3cd and 6-isomer8ad'-3cd’ were obtained as the minor
products. Interestingly, 3-aminoquinolin@h afforded 4-
substituted producBah in a good yield (entry 20). The radical
intermediate obtained by the reaction2bf might be resonance-
stabilized, and 4-isomé&ah was obtained selectively. Moreover,
In the selection of solvents, a combination of DMS@l a 2-isomer3ah’ was obtained as a minor product.

potassium carbondfé® worked well the present radical
arylation, producingdaain a good yield (78%, entry 1). When

2. Results and discussion

First, the arylation of 2,6-diaminopyridirga (10 equiv) with
p-chlorophenylhydrazine hydrochloridéa in the presence of
potassium carbonate at 25 °C for 24 h in air wasstigated. To
our delight, a regioselective reaction occurredprding 2,6-
diamino-3-(4-chlorophenyl)pyridine3aa in a high yield (78%,
Table 1, entry 1). Herein, we report the arylation o
aminoheterocycles with arylhydrazine hydrochlorides the
radical source in detail. To the best of our knowkdhis is the
first example of the radical arylation of aminohetycles with
arylhydrazines.

Table 1.Optimization of Synthesis #aa

DMF or DMA was used instead of DMSO, the yield gda  |HNHzHC! al

decreased (entries 2 and 3). Acetonitrile providsah in a N [ N

moderate yielt’**"(entry 4). Becaus®a is soluble in water, the HN” N7 ONH, |

use of water as a solvent was also investigatechioatylation. i HN™ “NT NH,

However, the arylation in water almost did not procgatdry 5). 1a 2 saa

The use of HFIP (1,1,1,3,3,3-hexafluoro-2-propanon  Entry — Solvent Base TempEquiv Time Yield

effective radical stabilizer for the chelated ratfi@nion (°C) of2a (h) (%)

oxidative coupling of phenols in the presence of ieon

catalyst:’® provided an inferior result. The produgaa was not 1 DMSO™ 1CO; 25 10 24 8

obtained at all (entry 6). 2 DMF K. CO; 25 10 24 44
Next, several bases were screen8dpa was obtained in 3 DMA K,CO; 25 10 24 61

moderate-to-good yields when lithium carbonate, sodi
carbonate, or cesium carbonate was used (entriex THe 3 MeCN  KLO; 25 10 24 48

addition of an aqueous solution of KOH or NaOH was nots H,O K,CO; 25 10 24 trace
effective for the formation of3aa (entries 10 and 11).

Triethylamine furnished3aa in a moderate yield (entry 12). 6 HFIP  KLCO; 25 10 24 0

Surprisingly, in the absence of a base, the pro®aet was 7 DMSO LiLCO; 25 10 24 66

obtained in a fair yield (55%, entry 13). Exces may have

worked as a base as shown in the previous réporHigh 8 DMSO  NaCG; 25 10 24 76

reaction temperatures did not improve the yiel@ad (entries 14 g DMSO CsCO; 25 10 24 43

and 15). The best yield (85%) 8fa was obtained when 20

equiv of 2a was used (entry 16). Under a nitrogen atmosphere, 30 DMSO KOH 25 10 24 trate

low yield of 3aawas obtained (entry 17). When the amour?af ;¢ DMSO NaOH 25 10 24 trate

was reduced, the yield 8aadecreased (entries 18 and 19). Slow

addition of 1a was tried into the mixture oRa (lequiv) and 12 DMSO EN 25 10 24 49

K,CO; for 4 h using syringe pump (entry 20). However, 13 DMSO  none 25 10 24 55

improvement of the yield was not observed. Differsgdction

times (48 h or 8 h) did not improve the yield3#a (entries 21 14 DMSO KCO; 50 10 24 66

and 22). 15 DMSO KCO, 100 10 24 16
With the optimized conditions, the substrate scapal 16 DMSO KCO, 25 20 24 85

limitations of the arylation of aminoheterocycl@s—2k with
various arylhydrazine hydrochlorideka—1i were investigated 17 DMSO K,CO; 25 20 24 40"
(Table 2). The arylation of 2,6-diaminopyridin8a with

arylhydrazine  hydrochlorides la-1e bearing electron- 18 DMSO  KCO; 25 5 24 %9
withdrawing groups such as ClI, F, Br, and CN smoaddffigrded 19 DMSO KCO; 25 2 24 40
the corresponding target compoun@sa-3ea in good-to-

excellent vyields (entries 1-5). Moreover, phenylayihe 20 DMSO K CO; 25 1 24 26
hydrochloride and arylhydrazine hydrochlorides bgpelectron- 21 DMSO KCO; 25 10 48 76
donating groups such as OMe and Me showed similar

reactivities, producing3fa—3ha in good yields (entries 6-8). 22 DMSO KCO; 25 10 8 74

However, 4-nitrophenylhydrazingéi bearing a strong electron-
withdrawing group provided a trace amount3d (entry 9). The
results clearly indicate the high radical-scaveggibility of 2,6-
diaminopyridine 2a for phenyl radicals. The attack of phenyl
radicals may be facilitated at the ortho and pasitjpns of the
amino group irRa.

Reaction conditionsta (1.0 mmol), base (3.0 mmol), and solvent (10 mL)
in air. ® Isolated yields based dra. ° 1,1,1,3,3,3-Hexafluoro-2-propanol.
¢An aqueous solution (1 N, 3.0 mL) of KOH or NaOHswesed® Under a
nitrogen atmospher@ DMSO (5 mL) solution ofla was slowly added into
the mixture oRa (lequiv) and KCO; in DMSO (5 mL) for 4 h.



Table 2. The Reaction of Arylhydrazines with Aminoheterocgcle

RZ
K2003 (3 equiv)
R NHNH, HCI + 2a-2k 3aa-3ak
DMSO (10 mL)
1a-1i, 1 mmol 20 mmol Air, 25°C, 24 h
Entry 2a-2k 3aa-3ak Yield (%)*
1 3aa;R'=CI,R2=H 85
2 R! 3ba;R'=F, R2=H 76
3 3ca;R'=Br,R2=H 74
4 | = | A R2 3da;R'=CNR2=H 60
5 Z P 3ea; R'=Cl, R2=Cl 63
H,N” N7 NH ; ,
s 2 9a o MNTONTNH 3a;R'=H,R2=H 59
7 3ga;R'=0OMe, R2=H 58
8 R 3ha;R'=Me,R?=H 60
9 3ia; R"=NO,, R2=H  trace
10 | N | X 3ab; R'=Cl 36
11 “ R1= b
N NH2 N/ NHz 3Cb, R Br 37
2b al
12 3ac; R3= Me 37
13 R RI_A 3ad; R®=Cl 47
14 | 2c-2e | 3ae; R®=Br 49
~ —
N~ “NH, N~ “NH,
R‘l
15 Me. Me 3af; R'=Cl 34
16 | B 2f | XN 3bf;R'=F 30
Me N NH, _
Me” N~ "NH,
17 AN NH, AN NH, 3ag; R'=Cl 75¢
18 P L 3bg;R'=F 559
19 N 29 N 3cg; R'=Br 63°
]
R Cl
20 3ah 83f
o NH2 O
| N/ \ NH2
2h | P
N
NH, NH, cl
21 3ai trace
X X
| N/ 2i | N/
cl
N . Ny
2 [ S 2] [ 3aj 56
— o
N” "NH, N™ "NH;

Me cl Me
23 3ak 19
e g
~
Z Me” >N

NH,

2 |solated yields after purification by column chratwgraphy, based carylhydrazines? A small amount of isomer
was also formed, but not isolaté@-Isomer Bag, 52%), 4-isomer3ad, 15%) and 6-isomeBag’, 8%) were obtained.
9 2-lsomer 8bg, 38%), 4-isomer3bg, 11%) and 6-isomeBbg’, 6%) were formed® 2-Isomer Bcg 47%) , 4-isomer
(3cd, 11%) and 6-isomeBtd’, 5%) were obtained 4-Isomer 8ah, 74%) and 2-IsomeB@H, 9%) were formed.
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NHNH, HCI cl
X K2003 3 equiv)
+ | _ AN
Ho,N™ N7 NH, DMSO (200 mL) |
cl Air, 25°C, 24 h HoN™ "N NH
1a 2a 3aa, 81%
3.58¢ 4365 3549
(20 mmol) (400 mmol) (16.1 mmol)

Scheme 1lLarge-Scale Synthesis 8&a

In contrast, 4-aminopyridine did not afford the responding
product3ai (entry 21). These results clearly show the diffeeen
in the reactivities between 2,6-diaminopyridina, 2-
aminopyridine2b, 3-aminopyridine2g, and 4-aminopyridinei.
Finally, the  cross-coupling reactions  with

Aminopyridine @b) and 3-aminopyridine 2g) had moderate
HOMO energies, -5.74 eV and -5.77 eV, respectively, and
reacted with aryl radicals to afford the correspagdiroducts in
moderate to good yields. Conversely, 4-aminopydd#i) with a

other very low HOMO energy (—6.10 eV) was expected to havana |

aminoheterocycle?j and 2k were carried out successfully global nucleophilicity. When2i was used, the corresponding

(entries 22 and 23).

Next, the feasibility of a large-scale synthesis-{@d) of 3aa
was investigated (Scheme 1). Starting frdm and 2a, the
desired 2,6-diamino-3-{«€hlorophenyl)pyridine 3aa was
obtained in 81% vyield and exce2a was recovered in almost
90% vyield without the formation of any byproducts.

To better understand the arylation wthDFT calculations at
the B3LYP/6-31G(d,p) level were carried out. Recently,
correlation between the energy of the HOMO of a moteand
its relative nucleophilicity was shown in the radieaiion
oxidative coupling of phenols, and a global scédlealculated
nucleophilicity, N, was determinédThe HOMO energy levels
of the aminoheterocycles in this arylation systenralated with
their nucleophilicity. 2,6-Diaminopyridine 28) with a high
HOMO energy (-5.14 eV) had a high global nucleophyjicib
fact, 2a showed a high reactivity witlp-chlorophenyl radical,

product3ai was not obtained.

To support the radical mechanism, a radical-tragppin
experiment was carried out using TEMPO. The oxidatbdha
with TEMPO (1.5 equiv) in air under the optimizedndaions
(Table 1, entry 16) afforded 4-chloro-1-(2,2,6,6dmethyl-
piperidinyloxy)benzendain 28% yield (Scheme 2).

Based on the experimental results and previousiestuoh
HAS reaction$;’ a plausible reaction mechanism for the
arylation of 2a with 1a is proposed in Scheme 3. After the
preparation of the free-base hydrazine frbanby treating with
K,CO;, the free-base hydrazine is oxidized by air tarfahe
corresponding diazene. Then, the diazene is cadento
radical C by oxidation with air. The addition of radic@l to 2a
provides the intermediate cyclohexadienyl rad@alThe radical
D converts into catiorE via single electron transfer (SET).
Finally, the elimination of a hydrogen cation frocation E

producing 3aa in an excellent yield (Table 2, entry 1). 2- affords3aa

NHNH, HCI

Cl
1a

K,COj; (3 equiv)

DMSO (10 mL)

Air, 25°C, 24 h
4a, 28%
Scheme 2Phenyl Radical-Trapping Experiment
NHNH, HCI ol
N K,CO3 (3 equiv)
+ |
= X
HN™ "N™ "NH; DMSO (10 mL) |
Cl Air, 25°C, 24 h H,N” N “NH;
1a 2a 20 equiv 3aa
‘ KoCOs .
Cl Cl
NHNH, N=NH H H
Air Air 2a C/ SET Q
-N, H H,N” N7 "NH, H,N” N7 “NH,
Cl Cl
C D E

Scheme 3Plausible Reaction Mechanism for the FormatioBast



3. Conclusion

In conclusion, a metal-free arylation of aminohetgcles
with arylhydrazine hydrochlorides was developed withaa the
oxidant. In this reaction system, the HOMO energy leeé the
aminoheterocycles correlated with their nucleopitylic This
direct C-H arylation reaction without transition-nietatalysts
could be not only a useful and practical method &lgb an
alternative for Pd-catalyzed cross-coupling reastio

4. Experimental

4.1. General

5
422 2,6-Diamino-3-(4 “fluorophenyl)pyridine (3ba).
Compound3ba was synthesized from 4-fluorophenylhydrazine
hydrochloride1b (163 mg, 1.0 mmol) an@a (2.18 g, 20.0
mmol) according to the general procedure. The exoé8a was
almost removed by extracted with water. Purificatiofth
column chromatography (inner diameter: 2 cm andjtlen30
cm) gave3ba (154 mg, 0.76 mmol, 76%). Recrystallized from
hexane/AcOEt=3:73ba was given as a pale brown needlg; R
(AcOEt) 0.3; mp 124.0-125.0 °@;. (neat) 3460, 3397, 3308,
3144, 1593, 1475, 1430, 1353, 1214 'cd, (400 MHz, CDC})
4.26 (bs, 2H, N-H), 4.35 (bs, 2H, N-H), 5.98 §d/.7 Hz, 1H, C-
H), 7.09 (dd,Jyr 9.0 Hz,J 9.0 Hz, 2H, C-H), 7.15 (d] 7.7 Hz,
1H, C-H), 7.36 (ddJy 5.5 Hz,J 9.0 Hz, 2H, C-H);& (100

All starting materials were purchased from commercialiHz, CDCL) 98.4, 110.5, 115.7 (dier 21.1 Hz), 130.4 (dJcr

sources and used without further purification. IRRGEm were
reported in wave numbers (¢)n'H NMR spectra were recorded
on 400 MHz spectrometers using CGt DMSO-d¢ as solvent
referenced to TMS (0 ppm) and CHQF.26 ppm) or DMSO

(2.50 ppm).”*C NMR spectra were recorded at 100 MHz in

CDCl; and DMSO-¢ using CDC} (77.0 ppm) and DMSOgd
(39.5 ppm) as standard. Chemical shifts are repontgarts per
million (ppm). Coupling constants are reported erth (J, Hz).
The following abbreviations are used for the desicnip of
signals: s (singlet), bs (broad singlet), d (dot)bldd (double
doublet), t (triplet), q (quadruplet), m (multipleMass spectra
and exact mass spectra were recorded using elaotipact (El),
electrospray ionization (ESI), and direct analyisisreal time
(DART). Analytical TLC was carried out on silica gelafgs
using short wave (254 nm) UV light. Silica gel (23004@esh)
was used for column chromatography. DFT calculatiomse
carried out at the B3LYP/6-31G(d,p) level using theCkem
4.0.1 program packadé.Optimized geometries of calculated

8.6 Hz), 134.7, 140.1, 154.6, 157.1, 161.7)g,247.2 Hz);m/z
(El) 203 (100, M), 185 (13), 158 (18), 133 (17), 44 (54%);
HRMS (ESI): MH, found 204.0922. GH..FN; requires
204.0932.

4.2.3. 2,6-Diamino-3-(4 “bromophenyl)pyridine (3ca).
Compound 3ca was prepared from 4-bromophenylhydrazine
hydrochloridelc (224 mg, 1.0 mmol) an#a (2.18 g, 20.0 mmol)
according to the general procedure. The exce2s ofas almost
removed by extracted with water. By the purificatianth
column chromatography (inner diameter: 2 cm andjtlen30
cm), 3ca (195 mg, 0.74 mmol, 74%) was obtained. Recrystlliz
from hexane/AcOEt=1:13ca was given as a cream color solid;
R¢ (hexane/AcOEt=2:13) 0.3; mp 129.0-130.0 .y (neat)
3432, 3365, 3302, 3112, 1589, 1469, 1420, 1067; afp (400
MHz, CDCk) 4.27 (bs, 2H, N-H), 4.36 (bs, 2H, N-H), 5.99 {d,
8.2 Hz, 1H, C-H), 7.16 (dl 8.2 Hz, 1H, C-H), 7.29 (d] 8.5 Hz,
2H, C-H), 7.53 (dJ 8.5 Hz, 2H, C-H);& (100 MHz, CDC})

compounds were confirmed by the absence of imaginary8-5, 110.2, 120.6, 130.4, 132.0, 137.8, 140.0,8,567.2m/z

frequencies.

4.2. General procedure for the arylation of aminohterocycles
with arylhydrazine hydrochlorides

A mixture of the arylhydrazine hydrochlorides (1.0moi),
aminopyridines (20.0 mmol), and potassium carbo(#i& mg,
3.0 mmol) in DMSO (10 mL) was stirred at 25 °C in dihe
reactions were completed after 24 h, monitored by tayer
chromatography (TLC). Then, quenched by the addibiowater,
the reaction mixture was extracted with ethyl acetdthe
organic layer was washed with water and brine solwtiahdried

El) 263 (100, M), 183 (39), 140 (45), 92 (62), 43 (68%);
HRMS (ESI): MH, found 264.0110. GH.,"*BrN; requires
264.0131.

4.2.4. 2,6-Diamino-3-(4 “cyanophenyl)pyridine (3da). Compound
3da was obtained from 4-cyanophenylhydrazine hydrodtiéor
1d (170 mg, 1.0 mmol) anga (2.18 g, 20.0 mmol) according to
the general procedure. The exces@afvas almost removed by
extracted with water. To the AcOEt solution includinge t
product, hexane was added slowly. The generatedpjtegei was
filtered with a funnel to give8da (26 mg, 0.60 mmol, 60%).
Recrystallized from AcOEt3da was given as a pale orange

over anhydrous MgSOThe solvent was removed under reducedsplid; R (hexane/AcOEt=1:3) 0.4; mp 221.5-222.5 °Ga

pressure to give the crude products. Purified byurno

chromatography over silica gel (hexane/AcOEt), therep
products were afforded.
42.1. 2,6-Diamino-3-(4 “chlorophenyl)pyridine (3aa).

Compound3aa was synthesized from 4-chlorophenylhydrazine
hydrochloridela (179 mg, 1.0 mmol) and 2,6-diaminopyridine
2a(2.18 g, 20.0 mmol) according to the general pilace. The
excess oRawas almost removed by extracted with water. By th
purification with column chromatography (inner digare 2 cm
and length: 30 cm)3aa (188 mg, 0.85 mmol, 85%) was
obtained. Recrystallized from hexane/AcOEt=Bdawas given
as a pale brown crystal;; Rhexane/AcOEt=1:3) 0.3; mp 116.5-
117.5 °C (Lit*® 114-115 °C)ya (neat) 3469, 3427, 3303, 3103,
1591, 1467, 1421, 1082 ¢md, (400 MHz, CDCJ) 4.26 (bs, 2H,
N-H), 4.35 (bs, 2H, N-H), 5.98 (d,8.0 Hz, 1H, C-H), 7.16 (d
8.0 Hz, 1H, C-H), 7.34 (dJ 9.0 Hz, 2H, C-H), 7.38 (d] 9.0
Hz, 2H, C-H); & (100 MHz, CDC}J) 98.5, 110.2, 129.0, 130.1,
132.5, 137.3, 140.0, 154.5, 157z (El) 219 (100, M), 183
(15), 140 (27), 92 (29), 43 (52%); HRMS (ESI): KHound
220.0610. ¢H;CIN; requires 220.0636.

(neat) 3429, 3377, 3174, 2225, 1570, 1471, 144%; &ip (400
MHz, DMSO-d) 5.37 (bs, 2H, N-H), 5.76 (bs, 2H, N-H), 5.85
(d, J 8.0 Hz, 1H, C-H), 7.13 (d1 8.0 Hz, 1H, C-H), 7.57 (d1 8.5
Hz, 2H, C-H), 7.78 (dJ 8.5 Hz, 2H, C-H):& (100 MHz,
DMSO-d) 97.7, 106.0, 107.4, 119.3, 128.6, 132.5, 13%8,8,
155.2, 158.9/mz (El) 210 (100, M), 192 (21), 155 (13), 139
(13), 44 (96%); HRMS (ESI): MH found 211.0958. GH.N,

dequires 211.0978.

425, 26-Diamino-3-(34 “dichlorophenyl)pyridine  (3ea).
Compound3eawas prepared from 3,4-dichlorophenylhydrazine
hydrochloridele (213 mg, 1.0 mmol) an#la (2.18 g, 20.0 mmol)
according to the general procedure. The exce2a ofas almost
removed by extracted with water. Purification with woh
chromatography (inner diameter: 2 cm and lengthci®3) gave
3ea (161 mg, 0.63 mmol, 63%). Recrystallized from
hexane/AcOEt=1:3,3ea was given as a white solid; ;R
(hexane/AcOEt=1:3) 0.3; mp 126.0-127.0 G, (neat) 3417,
3338, 3132, 1574, 1460, 1435, 1022'cr), (400 MHz, DMSO-
ds) 5.32 (bs, 2H, N-H), 5.67 (bs, 2H, N-H), 5.82 8.4 Hz, 1H,
C-H), 7.08 (dJ 8.4 Hz, 1H, C-H), 7.34 (dd] 2.2 Hz,J 8.5 Hz,



6
1H, C-H), 7.56 (dJ 2.2 Hz, 1H, C-H), 7.58 (d} 8.5 Hz, 1H, C-
H); & (100 MHz, DMSO-¢) 97.4, 105.4, 128.4, 129.8, 130.6,
131.1, 139.4, 140.4, 155.1, 158tz (EI) 253 (100, M), 217
(16), 174 (24), 109 (20), 91 (16), 43 (84%); HRMSSE MH",

found 254.0223. GH,CIl.N; requires 254.0246.

4.2.6. 2,6-Diamino-3-phenylpyridine (3fa). Compound3fa was
given from phenylhydrazine hydrochloridef (145 mg, 1.0

Tetrahedron

1H, C-H), 7.33 (ddJ 2.0 Hz,J 7.3 Hz, 1H, C-H), 7.39 (d] 8.8
Hz, 2H, C-H), 7.44 (dJ 8.8 Hz, 2H, C-H), 8.08 (dd] 2.0 Hz,J
5.0 Hz, 1H, C-H);& (100 MHz, CDC)) 114.6, 120.6, 129.3,
130.1, 133.8, 136.5, 137.8, 147.7, 155z (El) 204 (57, M),
203 (100), 168 (46), 115 (15), 84 (34%); HRMS (ESM",
found 205.0510. GH,(CIN, requires 205.0527.

4.2.10. 2-Amino-3-(4 “bromophenyl)pyridine (3cb). Compound

mmol) and?2a (2.18 g, 20.0 mmol) according to the general3cb was prepared froriic (224 mg, 1.0 mmol) andb (1.88 g,
procedure. The excess B& was almost removed by extracted 20.0 mmol) according to the general procedure. &toess oRb

with water. Purification with column chromatographynngr
diameter: 2 cm and length: 30 cm) g&fa (109 mg, 0.59 mmol,
59%). Recrystallized from hexane/AcOEt=133a was given as

was almost removed by extracted with water. Purificativith
column chromatography (inner diameter: 3 cm andjtlen30
cm) gave3cb (92 mg, 0.37 mmol, 37%). Recrystallized from

a white needle; Rhexane/AcOEt=1:3) 0.3; mp 113.5-114.5 °C hexane/AcOEt=9:1,3cb was given as a white needle; R

(Lit.*® 114-115 °C):vmax (Neat) 3429, 3379, 3309, 3130, 1593,

1469, 1408 crft, g, (400 MHz, CDCJ) 4.25 (bs, 2H, N-H), 4.41
(bs, 2H, N-H), 5.99 (d] 7.8 Hz, 1H, C-H), 7.20 (dl 7.8 Hz, 1H,
C-H), 7.28-7.31 (m, 1H, C-H), 7.40-7.42 (m, 4H, C-k¥);(100

(hexane/AcOEt=1:2) 0.34; mp 126.0-127.0 9G,, (neat) 3433,
3284, 3129, 1631, 1576, 1443, 1071 e, (400 MHz, CDC))
4.54 (bs, 2H, N-H), 6.75 (dd,5.0 Hz,J 8.0 Hz, 1H, C-H), 7.33
(d,J8.0 Hz, 1H, C-H), 7.33 (d 8.0 Hz, 2H, C-H), 7.59 (d 8.0

MHz, CDCL) 98.4, 111.6, 126.7, 128.8, 128.9, 138.8, 140.1Hz, 2H, C-H), 8.08 (dd) 2.0 Hz,J 5.0 Hz, 1H, C-H):& (100

154.6, 157.0;m/z (EI) 185 (100, M), 140 (17), 92 (17), 43
(29%); HRMS (ESI): MH, found 186.1029. GH,.N; requires
186.1026.

4.2.7. 2,6-Diamino-3-(4 “methoxyphenyl)pyridine (3ga).

MHz, CDCk) 114.6, 120.6, 121.9, 130.4, 132.3, 137.0, 137.7,
147.7, 155.6; HRMS (ESI): MH found 248.9996. GH,,"°BrN,
requires 249.0022.

4.211. 2-Amino-3-(4 “chlorophenyl)-5-methylpyridine  (3ac).

Compound3ga was prepared from 4-methoxyphenylhydrazineCompound3acwas prepared frorha (179 mg, 1.0 mmol) and 2-

hydrochloridelg (175 mg, 1.0 mmol) angla (2.18 g, 20.0 mmol)
according to the general procedure. The exce2a ofas almost
removed by extracted with water. Purification with uwoh
chromatography (inner diameter: 2 cm and lengthci®3) gave
3ga (125 mg, 0.58 mmol, 58%).
hexane/AcOEt=1:33ga was given as a pale yellow solid; R
(hexane/AcOEt=1:3) 0.2; mp 129.5-130.5 G (neat) 3440,
3327, 3186, 1585, 1477, 1427, 1174 e, (400 MHz, CDC})
3.83 (s, 3H, O-Ck), 4.21 (bs, 2H, N-H), 4.36 (bs, 2H, N-H),
5.98 (d,J 8.0 Hz, 1H, C-H), 6.95 (d} 8.7 Hz, 2H, C-H), 7.16 (d,
J 8.0 Hz, 1H, C-H), 7.32 (d} 8.7 Hz, 2H);a: (100 MHz, CDC})
55.3,98.3, 111.3, 114.3, 129.9, 131.0, 140.0,8,846.7, 158.5;

amino-5-methylpyridin€c (2.16 g, 20.0 mmol) according to the
general procedure. Purification with column chromgetphy
(inner diameter: 2 cm and length: 30 cm) g@ae (80 mg, 0.37
mmol, 37%). Recrystallized from hexane/AcOEt=13Ac was

Recrystallized from given as a pale orange solid; fRexane/AcOEt=1:1) 0.44; mp

164.0-165.0 °Cy . (neat) 3448, 3278, 3130, 1628, 1468, 1089
cm®; d; (400 MHz, CDC)) 2.23 (s, 3H, -CH), 4.37 (bs, 2H, N-
H), 7.18 (d,J 2.0 Hz, 1H, C-H), 7.39 (d} 8.7 Hz, 2H, C-H), 7.43
(d, J 8.7 Hz, 2H, C-H), 7.91 (d} 2.0 Hz, 1H, C-H):% (100 MHz,
CDCly) 17.3, 120.3, 123.5, 129.2, 130.0, 133.6, 13638.8,
147.2, 153.6m'z (El) 218 (73, M), 217 (100), 182 (34), 91 (19),
44 (80%); HRMS (ESI): MM found 219.0655. GHy,CIN,

m/z (El) 215 (100, M), 200 (69), 156 (12), 128 (13), 100 (13), 43 requires 219.0684.

(25%); HRMS (ESI): MH, found 216.1109. gH;1,N;O requires
216.1131.

4.2.8. 2,6-Diamino-3-(4 “tolyl)pyridine (3ha). Compound 3ha
was obtained from 4-methylphenylhydrazine hydrodtderih
(159 mg, 1.0 mmol) anda (2.18 g, 20.0 mmol) according to the
general procedure. The excess 2af was almost removed by
extracted with water. Purification with column chroogphy
(inner diameter: 2 cm and length: 30 cm) gake (119 mg, 0.60
mmol, 60%). Recrystallized from hexane/AcOEt=13Ba was
given as a cream color needle;(Rexane/AcOEt=1:3) 0.4; mp

4212, 2-Amino-5-chloro-3-(4 “chlorophenyl)pyridine  (3ad).
Compound3ad was obtained froma (179 mg, 1.0 mmol) and 2-
amino-5-chloropyridin€d (2.57 g, 20.0 mmol) according to the
general procedure. By the purification with column
chromatography (inner diameter: 5 cm and lengthci3), 3ad
(112 mg, 0.47 mmol, 47%) was obtained. Recrystdlifrom
hexane/AcOEt=1:13ad was given as a pale yellow needlg; R
(hexane/AcOEt=1:2) 0.76; mp 156.8-157.7 °C {fit140-
141 °C);vmax (neat) 3450, 3280, 3143, 1624, 1456, 1090, 1011
cm™. d; (400 MHz, CDCY); 4.54 (bs, 2H, N-H), 7.33 (d,2.6 Hz,

119.5-120.3 °Cynmax (neat) 3464, 3425, 3309, 3111, 1591, 1471,1H, C-H), 7.38 (dJ 8.6 Hz, 2H, C-H), 7.45 (d] 8.6 Hz, 2H, C-

1419 cnt. g, (400 MHz, CDCJ) 2.38 (s, 3H, -Ch), 4.21 (bs, 2H,
N-H), 4.38 (bs, 2H, N-H), 5.98 (d,7.8 Hz, 1H, C-H), 7.18 (d]
7.8 Hz, 1H, C-H), 7.22 (d] 8.5 Hz, 2H, C-H), 7.30 (dl 8.5 Hz,
2H, C-H); & (100 MHz, CDCJ) 21.1, 98.4, 111.6, 128.6, 129.6,
135.8, 136.4, 140.1, 154.7, 15618z (EI) 199 (100, M), 181
(17), 99 (21), 43 (25%); HRMS (ESI): MHfound 200.1155.
Cys,H14N3 requires 200.1182.

4.2.9. 2-Amino-3-(4 “chlorophenyl)pyridine (3ab). Compound
3ab was prepared fromla (179 mg, 1.0 mmol) and 2-

H), 8.03 (d,J 2.6 Hz, 1H, C-H);& (100 MHz, CDCJ) 121.3,
121.6, 129.5, 129.9, 134.4, 135.2, 137.3, 145.8, 150z (EI)
238 (68, M), 237(100), 202 (41), 168 (27), 140 (31%); HRMS
(ESI): MH'", found 239.0123. GH.CI.N, requires 239.0137.

4.213. 2-Amino-5-bromo-3-(4 “chlorophenyl)pyridine  (3ae).
Compound3aewas prepared frorha (179 mg, 1.0 mmol) and 2-
amino-5-bromopyridine (3.46 g, 20.0 mmol) according to the
general procedure. Purification with column chrormgeaphy
(inner diameter: 5 cm and length: 30 cm) g8se (140 mg, 0.49

aminopyridine2b (1.88 g, 20.0 mmol) according to the generalmmol, 49%). Recrystallized from hexane/AcOEt=132¢ was
procedure. The excess @b was almost removed by extracted given as a pale orange needlg;(fRexane/AcOEt=1:2) 0.79; mp

with water. Purification with column chromatographynngr
diameter: 2 cm and length: 30 cm) g&ab (74 mg, 0.36 mmol,
36%. Recrystallized from hexane/AcOEt=73ap was given as a
white solid; R (hexane/AcOEt=1:1) 0.3; mp 121.0-122.0 %G«
(neat) 3437, 3286, 3134, 1631, 1577, 1446, 1090; &y (400
MHz, CDCk) 4.54 (bs, 2H, N-H), 6.75 (dd,5.0 Hz,J 7.3 Hz,

150.0-151.0 °Cypmay (N€at) 3454, 3284, 3151, 1620, 1454, 1088,
1011 cni; & (400 MHz, CDCJ) 4.59 (bs, 2H, N-H), 7.37 (d,
8.8 Hz, 2H, C-H), 7.44 (d] 2.4 Hz, 1H, C-H), 7.48 (dl 8.8 Hz,
2H, C-H), 8.11 (dJ 2.4 Hz, 1H, C-H);& (100 MHz, CDC))
108.5, 122.2, 129.5, 129.9, 134.4, 135.1, 139.8,014.54.41m/z
(EI) 283 (100), 282 (59, K, 281(76), 202 (52), 168 (45), 140



(38), 84 (48%); HRMS (ESI):
C1iHo BrCIN, requires 282.9632.

4.2.14. 2-Amino-3-(4 “chlorophenyl)-5,6-dimethylpyridine (3af).
Compound3af was prepared frorha (179 mg, 1.0 mmol) and 2-
amino-5,6-dimethylpyridin@f (2.44 g, 20.0 mmol) according to
the general procedure. Purification with column ohatography
(inner diameter: 2 cm and length: 30 cm) g8eé (78 mg, 0.34
mmol, 34%). Recrystallized from hexane/AcOEt=13hf was
given as a pale orange needlg;(Rexane/AcOEt=1:1) 0.2; mp

MH found ' 282.9605.

7
146.8; HRMS (ESI): MH, found 205.0501. GH:CIN,
requires 205.0527.

4.2.17. 3-Amino-2-(4 “fluorophenyl)pyridine (3bg), 3-Amino-4-
(4 “fluoropheny)pyridine  (3bg9, and  3-Amino-2-(4°-
fluorophenyl)pyridine (3bg ). Compoundsbg, 3bg’, and3bg'”
were synthesized frorhb (163 mg, 1.0 mmol) andg (1.88 g,
20.0 mmol) according to the general procedure fieation with
column chromatography (inner diameter: 3 cm andjtlen30
cm) gave3bg (71 mg, 0.38 mmol, 38%), arBbg’ (21 mg, 0.11

109.5-110.5 °Cypax (neat) 3483, 3438, 3288, 3156, 1450, 1391,mmol, 11%), and@bg”’ (12 mg, 0.06 mmol, 6%). 3-Amino-2:¢4

1092 cnt; & (400 MHz, CDCJ) 2.18 (s, 3H, -Ch), 2.37 (s, 3H,
-CHy), 4.35 (bs, 2H, N-H), 7.09 (s, 1H, C-H), 7.37 JcB.8 Hz,
2H, C-H), 7.40 (d.J 8.8 Hz, 2H, C-H);& (100 MHz, CDC))
17.9, 21.9, 117.9, 121.5, 129.1, 130.1, 133.3,8,369.5, 153.0,
154.6; HRMS (ESI): MH, found 233.0813. GH1,CIN, requires
233.0840.

4.2.15. 2-Amino-3-(4 “fluorophenyl)-5,6-dimethylpyridine (3bf).
Compound3bf was prepared frorhib (163 mg, 1.0 mmol) anaf
(2.44 g, 20.0 mmol) according to the general praoed
Purification with column chromatography (inner diaete 3 cm
and length: 30 cm) gav&bf (64 mg, 0.30 mmol, 30%).
Recrystallized from hexane/AcOEt=93hf was given as a pale
orange plate crystal; (Rhexane/AcOEt=1:2) 0.28; mp 109.0-
110.0 °Cvma (Neat) 3480, 3292, 3169, 1454, 1216'ca), (400
MHz, CDCk) 2.18 (s, 3H, -Chk), 2.38 (s, 3H, -Ch), 4.33 (bs,
2H, N-H), 7.09 (s, 1H, C-H), 7.12 (dd,r 8.8 Hz,J 8.8 Hz, 2H,
C-H), 7.40 (ddJur 5.4 Hz,J 8.8 Hz, 2H, C-H);& (100 MHz,
CDCly) 17.9, 21.9, 115.9 (dr 21.0 Hz), 118.2, 121.4, 130.4 (d,
Jor 7.6 Hz), 134.3, 139.7, 153.1, 154.3, 162.1)d,245.1 Hz);
HRMS (ESI): MH, found 217.1127. @GH.FN, requires
217.1136.

4.2.16. 3-Amino-2-(4 “chlorophenyl)pyridine (3ag), 3-Amino-4-
(4 “chlorophenyl)pyridine  (3ag), and  3-Amino-6-(4~-
chlorophenyl)pyridine (3ag”). Compounds3ag, 3ad, and3ad’
were synthesized fromla (179 mg, 1.0 mmol) and 3-

fluorophenyl)pyridine 8bg): Recrystallized from
hexane/AcOEt=9:13bg was given as a pale yellow needlg; R
(hexane/AcOEt=1:3) 0.52; mp 74.4-75.4 °G;,, (neat) 3393,
3295, 3208, 3055, 1624, 1584, 1509, 1217-cdy (400 MHz,
CDCl) 3.79 (bs, 2H, N-H), 7.05 (dd,1.8 Hz,J 7.8 Hz, 1H, C-
H), 7.08 (ddJ 3.8 Hz,J 7.8 Hz, 1H, C-H), 7.16 (ddys 8.8 Hz,J
8.8 Hz, 2H, C-H), 7.67 (ddi 5.6 Hz,J 8.8 Hz, 2H, C-H), 8.12
(dd, J 1.8 Hz,J 3.8 Hz, 1H, C-H):& (100 MHz, CDCI3) 115.7
(d,Jcr21.0 Hz), 122.8, 123.1, 130.3 (| 7.7 Hz), 134.7, 139.9,
140.1, 144.1, 162.9 (der 246.0 Hz); HRMS (ESI): MH found
189.0796. GH,FN, requires 189.0823. 3-Amino-4:(4
fluorophenyl)pyridine 3bd): Recrystallized from
hexane/AcOEt=9:13bg was given as a pale yellow needlg; R
(hexane/AcOEt=1:3) 0.12; mp 108.5-109.5 °&;; (400 MHz,
CDCly) 3.81 (bs, 2H, N-H), 6.99 (d,5.2 Hz, 1H, C-H), 7.17 (dd,
Jur 8.8 Hz,J 8.8 Hz, 2H, C-H), 7.44 (ddly: 5.2 Hz,J 8.8 Hz,
2H, C-H), 8.05 (dJ 5.2 Hz, 1H, C-H), 8.15 (s, 1H, C-H} (100
MHz, CDCk) 116.1 (dJce 21.0 Hz), 124.1, 130.2 (der 8.6 Hz),
132.6, 132.8, 138.2, 139.7, 140.2, 162.5 Jg¢k 247.0 Hz);
HRMS (ESI): MH, found 189.0808. GH.JFN, requires
189.0823. 3-Amino-6-(4fluorophenyl)pyridine  3bg"):
Recrystallized from hexane/AcOEt=9:3bg’ was given as a
pale orange crystal; {R(hexane/AcOEt=1:3) 0.40; mp 98.0-
99.5 °C; g, (400 MHz, CDCJ) 3.74 (bs, 2H, N-H), 7.04 (dd,
2.8 Hz,J 8.4 Hz, 1H,C-H), 7.10 (ddl+ 8.8 Hz,J 8.8 Hz, 2H, C-
H), 7.48 (d,J 8.4 Hz, 1H), 7.86 (ddl,s 5.6 Hz,J 8.8 Hz, 2H, C-

aminopyridine2g (1.88 g, 20.0 mmol) according to the generalH), 8.16 (d,J 2.8 Hz, 1H, C-H)& (100 MHz, CDC}) 115.4 (d,

procedure. Purification with column chromatographpnér
diameter: 2 cm and length: 30 cm) g@®as (107 mg, 0.52 mmol,
52%), and3ad (31 mg, 0.15 mmol, 15%), argad’ (17 mg,
0.08 mmol, 8%). 3-Amino-2-(4chlorophenyl)pyridine Jag):
Recrystallized from hexane/AcOEt=13agwas given as a pale
yellow needle; R(hexane/AcOEt=1:3) 0.64; mp 86.6-87.5 °C
Vmax (N€at) 3458, 3309, 3184, 1631, 1579, 1444, 1088, &n
(400 MHz, CDC}) 3.80 (bs, 2H, N-H), 7.05 (dd,1.8 Hz,J 8.0
Hz, 1H, C-H), 7.08 (ddj 4.8 Hz,J 8.0 Hz, 1H, C-H), 7.45 (d]
8.8 Hz, 2H, C-H), 7.64 (dl 8.8 Hz, 2H, C-H), 8.12 (dd), 1.8 Hz,
J 4.8 Hz, 1H, C-H);& (100 MHz, CDC}J) 122.9, 123.3, 129.0,
129.9, 134.1, 137.0, 139.9, 140.1, 14307z (EI) 203 (100, M),
168 (45), 84 (22), 41 (47%); HRMS (ESI): MHound 205.0504.
CuH1CIN, requires 205.0527. 3-Amino-4:(dhlorophenyl)-
pyridine @Bad): Recrystallized from hexane/AcOEt=9:3ad
was given as a brown needlg; (Rexane/AcOEt=1:3) 0.16; mp
146.5-147.5 °Cg, (400 MHz, CDCJ); 3.77 (bs, 2H, N-H), 7.00
(d, 5.0 Hz, 1H, C-H), 7.41 (d, 8.6 Hz, 2H, C-H), 7.46 (d1 8.6
Hz, 2H, C-H), 8.07 (dJ 5.0 Hz, 1H, C-H), 8.16 (s,1H, C-H}

(100 MHz, CDC}) 123.9, 129.3, 129.8, 132.3, 134.3, 135.3

138.3, 139.6, 140.3; HRMS (ESI): MH found 205.05009.
CiH1CIN, requires 205.0527. 3-Amino-6-(dhlorophenyl)-
pyridine @ad'): Recrystallized from hexane/AcOEt=9:3ad’

was given as a brown solid; mp 96.5-98.2 &;;(400 MHz,

CDCly) 3.77 (bs, 2H, N-H), 7.05 (dd,3.1 Hz,J 8.3 Hz, 1H, C-
H), 7.39 (d,J 8.6 Hz, 2H, C-H), 7.51 (d} 8.3 Hz, 1H, C-H), 7.83
(d,J 8.6 Hz, 2H, C-H), 8.17 (0, 3.1 Hz, 1H, C-H)& (100 MHz,
CDCly) 120.6, 122.2, 127.2, 128.7, 133.6, 137.2, 1314,.5,

Jer 21.0 Hz), 120.4, 122.4, 127.6 (@ 7.7 Hz), 135.7, 137.1,
141.3, 147.2, 162.7 (dcr 245.0 Hz); HRMS (ESI): MH found
189.0801. GH1oFN, requires 189.0823.

4.2.18. 3-Amino-2-(4 “bromophenyl)pyridine (3cg), 3-Amino-4-
(4 “bromophenyl)pyridine (3cg,and 3-Amino-6-(4 -

* bromopheny!)pyridine (3cg’). Compounds3cg, 3cd, and3cd’

were synthesized frorfic (224 mg, 1.0 mmol) andg (1.88 g,
20.0 mmol) according to the general procedure fieation with
column chromatography (inner diameter: 3 cm andjtlen30
cm) gave3cg (117 mg, 0.47 mmol, 47%), arktd (27 mg, 0.11
mmol, 11%), and3cd’ (13 mg, 0.05 mmol, 5%).3-Amino-2-
(4'-bromophenyl)pyridine  3cg): Recrystallized from
hexane/AcOEt=9:13cg was given as a pale yellow solid; R
(hexane/AcOEt=1:3) 0.60; mp 98.0-99.0 °C (£i99-101 °C);
Vmax (N€at) 3467, 3313, 3183, 1633, 1579, 1445, 1075. n
(400 MHz, CDC}); 3.80 (bs, 2H, N-H), 7.05 (dd,2.0 Hz,J 8.0
Hz, 1H, C-H), 7.08 (ddJ 4.0 Hz,J 8.0 Hz, 1H, C-H), 7.58 (d
8.8 Hz, 2H, C-H), 7.61 (dl 8.8 Hz, 2H, C-H), 8.13 (dd,2.0 Hz,
J 4.0 Hz, 1H, C-H);& (100 MHz, CDCI3) 122.4, 122.9, 123.3,

'130.2, 131.9, 137.5, 139.9, 140.2, 143.7; HRMS (EBIH",

found 249.0016. GH,,°BrN, requires 249.0022. 3-Amino-4-
(4'-bromophenyl)pyridine  3cd):  Recrystallized  from
hexane/AcOEt=9:13cd was given as a pale orange solid; R
(hexane/AcOEt=1:3) 0.14; mp 159.0-160.5 °&; (400 MHz,
CDCly); 3.80 (bs, 2H, N-H), 6.99 (d,4.8 Hz, 1H, C-H), 7.35 (d,
J 8.6 Hz, 2H, C-H), 7.61 (d1 8.6 Hz, 2H, C-H), 8.06 (d] 4.8 Hz,
1H, C-H), 8.15 (s, 1H, C-H)x (100 MHz, CDCYJ) 122.4, 123.8,
130.1, 132.3, 135.7, 138.3, 139.5, 140.2; HRMS (EBIN",
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found 248.9995. GH,, *BrN, requires 249.0022. 3-Amino-6-
(4'-bromophenyl)pyridine  3cd"): Recrystallized  from
hexane/AcOEt=9:13cd’' was given as a pale orange block
crystal; R (hexane/AcOEt=1:3) 0.42; mp 133.0-134.0 °&;
(400 MHz, CDC}) 3.78 (bs, 2H, N-H), 7.03 (dd,2.8 Hz,J 8.6
Hz, 1H, C-H), 7.50 (dJ 8.6 Hz, 1H, C-H), 7.53 (dl 8.8 Hz, 2H,
C-H), 7.77 (d,J 8.8 Hz, 2H, C-H), 8.15 (d] 2.8 Hz, 1H, C-H);
& (100 MHz, CDC)) 120.5, 121.8, 122.2, 127.5, 131.7, 137.2,
138.4, 141.6, 146.7; HRMS (ESI): MH found 249.0001.
CuH10°BrN, requires 249.0022.

4.2.19. 3-Amino-4-(4 “chlorophenyl)quinoline (3ah) and 3-
Amino-2-(4 “chlorophenyl)quinoline (3ah 4. Compound8ah and
3ah’ were synthesized froma (179 mg, 1.0 mmol) and 3-
aminoquinoline2h (2.88 g, 20.0 mmol) according to the general
procedure. Purification with column chromatographipnér
diameter: 5 cm and length: 30 cm) g&ah (189 mg, 0.74 mmol,
74%) and 3ah’ (22 mg, 0.09 mmol, 9%). 3-Amino-4‘¢4
chlorophenyl)quinoline 3ah): Recrystallized from AcOEt3ah
was given as a pale yellow needlg;(Rexane/AcOEt=1:1) 0.24;
mp 217.5-218.5 °Cv. (neat) 3448, 3289, 3178, 1625, 1581,
1479, 1380, 1347, 1085 ¢ind; (400 MHz, DMSO-g) 5.23 (bs,
2H, N-H), 7.15 (ddJ 1.6 Hz,J 7.6 Hz, 1H, C-H), 7.31-7.36 (m,
2H, C-H), 7.35 (dJ 8.2 Hz, 2H, C-H), 7.63 (dl 8.2 Hz, 2H, C-
H), 7.84 (ddJ 1.6 Hz,J 7.6 Hz, 1H, C-H), 8.59 (s, 1H, C-H}
(100 MHz, DMSO-¢) 120.9, 122.8, 123.9, 126.7, 127.8, 129.0,
129.3, 132.0, 132.6, 133.4, 138.8, 141.1, 143.7; ISRMESI):
MH?, found 255.0666. £H,,CIN, requires 255.0684. 3-Amino-
2-(4'-chlorophenyl)quinoline3ah’): Recrystallized from AcOEt,
3ah’ was given as a yellow solid; fhexane/AcOEt=1:1) 0.74;
&, (400 MHz, DMSO-g) 5.32 (bs, 2H, N-H), 7.34-7.42 (m, 2H,
C-H), 7.41 (s, 1H, C-H), 7.57 (d,8.4 Hz, 2H, C-H), 7.65 (dd]
1.6 Hz,J 7.6 Hz, 1H, C-H), 7.78 (d] 8.4 Hz, 2H, C-H), 7.79-
7.81 (m, 1H, C-H)& (100 MHz, DMSO-¢) 114.8, 124.7, 125.2,
126.6, 128.5, 128.6, 129.1, 130.5, 133.1, 137.9.114141.3,
148.4; HRMS (ESI): MHA, found 255.0655. GH;,CIN, requires
255.0684.

4.2.20. 2-Amino-3-(4 “chlorophenyl)pyrazine (3aj). Compound
3aj was prepared fromla (179 mg, 1.0 mmol) and 2-
aminopyrazine?j (1.90 g, 20.0 mmol) according to the general
procedure. Purification with column chromatographpnér
diameter: 2 cm and length: 30 cm) g®a&g (116 mg, 0.56 mmol,
56%). Recrystallized from hexane/AcOEt=93hj was given as
a color less needle;Rhexane/AcOEt=1:2) 0.52; mp 125.5-
126.5 °C;vnax (neat) 3303, 3153, 1643, 1525, 1433, 1088-cm
& (400 MHz, CDCY}) 4.76 (bs, 2H, N-H), 7.48 (d,8.4 Hz, 2H,
C-H), 7.68 (d,J 8.4 Hz, 2H, C-H), 7.99 (d] 2.6 Hz, 1H, C-H),
8.03 (d,J 2.6 Hz, 1H, C-H);& (100 MHz, CDC}) 129.3, 129.5,
134.7, 135.1, 135.6, 139.6, 141.3, 15218z (El) 205 (97, M),
170 (38), 151 (23), 137 (30), 42 (100), 41 (97%);MER(ESI):
MH", found 206.0455. GH,CIN; requires 206.0480.

42.21. 2-Amino-5-(4 “chlorophenyl)-4,6-dimethylpyrimidine
(3ak). Compound3ak was given fromla (179 mg, 1.0 mmol)
and 2-amino-4,6-dimethylpyrimidin@k (2.46 g, 20.0 mmol)
according to the general procedure. By the putifica with
column chromatography (inner diameter: 2 cm andjtlen30
cm), 3ak (45 mg, 0.19 mmol, 19%) was given. Recrystallized
from hexane/AcOEt=1:13ak was given as a white solid;; R
(hexane/AcOEt=1:4) 0.30; mp 204.7-205.5 %« (neat) 3307,
3186, 1626, 1545, 1466, 1090 tnd}, (400 MHz, CDCJ) 2.09 (s,
6H, -CH), 4.99 (bs, 2H, N-H), 7.09 (d,8.6 Hz, 2H, C-H), 7.41
(d,J 8.6 Hz, 2H, C-H);&: (100 MHz, CDCJ) 22.8, 123.4, 129.0,
131.1, 133.5, 136.0, 161.3, 1656z (EI) 233 (100, M), 197
(17), 115 (46), 42 (69%); HRMS (ESI): MHfound 234.0768.
C1-H13CIN; requires 234.0793.
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4.3. A larger-scale synthesis of 3aa

Compound 3aa was prepared from a mixture of 4-
chlorophenylhydrazine hydrochloride (3.58 g, 20.0 mmol),
2,6-diaminopyridine2a (43.65 g, 400 mmol) and potassium
carbonate (8.29 g, 60.0 mmol) in DMSO (200 mL),cading
to the general procedure. The reaction was contpkdter 24
h, monitored by thin layer chromatography (TLC).ehh
quenched by the addition of water, the reactiontunix was
extracted with ethyl acetate. The exces@afvas isolated in
almost 90% yield by extracted with water. The oigdayer
was washed with water and brine solution, and doedr
anhydrous MgS@ The solvent was removed under reduced
pressure to give a crude product. Purified by colum
chromatography (inner diameter: 5 cm and length:c81)
over silica gel (hexane/AcOEt=1:4), the pure prad8aa
(3.549, 81%) was afforded.

4.4. Radical-trapping experiment with TEMPO (4a)

To a mixture of 4-chlorophenylhydrazine hydrochdieri(la,
895 mg, 5.0 mmol) and TEMPO (1.17 g, 7.5 mmol) in BMS
(50 mL), potassium carbonate (2.07 g, 15.0 mmol) added.
The solution was stirred at room temperature irfa@i24 h. The
resulting solution was quenched by the addition ofewand
extracted with ethyl acetate. The organic layer washed with
water and brine solution, and dried over anhydrogS®. The
solvent was removed under reduced pressure to givaude
product. Purification by column chromatography osgica gel
using hexane, 4-chloro-1-(2,2,6,6-tetramethylpitiasiloxy)-
benzene 4a) (380 mg, 1.42 mmol, 28%) was afforded.
Recrystallized from hexanéa was given as a colorless plate
crystal; R (hexane) 0.62; mp 89.5-90.5 °@;., (neat) 2977,
2925, 1585, 1480, 827 ¢md, (400 MHz, CDCJ) 0.99 (s, 6H, -
CHy), 1.21 (s, 6H, -Ck), 1.38-1.44 (m, 1H, C}), 1.53-1.68 (m,
5H, CH,), 7.11 (d,J 9.4 Hz, 2H, C-H), 7.15 (d] 9.4 Hz, 2H, C-
H); & (100 MHz, CDC)) 17.0, 20.4, 32.5, 39.7, 60.4, 115.2,
124.3, 128.5, 162.2; HRMS (DART): MHfound 268.1462.
C15H,5CINO requires 268.1463.
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