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some of the examined 1-(pyridin-2-yl)guanidine datives gave not only the desir
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1. Introduction flammability of H,S generated during the reaction, and an

. alternative convenient synthesis3fvas highly desired.
N-fused heterocycles are one of the important ctasse

molecules that are found in a variety of naturaddpicts and

biologically active compounds. Among a diverse arcdyN- " JOL R NH,OH-HCI
fused heterocycles, [1,2,4]triazolo[1afpyridin-2-amine NN SCN” “OEt @NL s 0 DIPEA
derivatives have attracted much attention due éar gignificant uNH F N)LN)LOB “hys
bioactivities in the field of pharmaceuticals. Iact, a large oo
number of compounds that contain a [1,24]triazb®{ 1 2
ajpyridin-2-amine core have beeq recently reporged daug R o .
candidates, including PI3fhhibitors, JAK2 inhibitors; CRK3 AN A NS 2NN
inhibitors® DNA gyrase /topoisomerase 1V inhibitdf®DE10A &/I%le\:#o o K/L\ e
inhibitors® TYK2 inhibitors® and Src kinase inhibitors "*\y :

3

The most common synthetic approach to [1,2,4]tt@{2¢5-

aJpyridin-2-amines3 is described in Scheme®The reaction of Scheme 1. The most common synthetic approach to
2-aminopyridines1l with ethoxycarbonyl isothiocyanate gives [1,2,4]triazolo[1,5a]pyridin-2-amines3

thioureas2, which are treated wittNH,OH, hydrochloric acid

and diisopropylethylamine (DIPEA) to giv8 in good to

excellent yield, accompanied by evolution ofS-and CQ° This 2. Results and discussion

synthesis is so robust that it was applicable toroulti-hundred

gram scale synthesis of an intermediate for a VEQFPfase Grendaet al. reported thatN-(pyridin-2-yl)benzimidamide

inhibitor."® However, despite the good yield and robustness, th&as subjected to chlorination when treated with agsie¢aOCI

synthesis suffered from the odor, toxicity, corvityi and and 1 M HCI, and treatment of the obtainsethloroamidine
with aqueous N#ZLO; gave rise to cyclization to afford

OCorresponding author. Tel.: +81-6-6300-6797; f&8t-6-6300-6251; e-mail: kazuhisa.ishimoto@takeda.co
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[1,2,4]triazolo[1,5a]pyridine ! On the basis of their work, we layer was analyzed by HPLC using an authentic samyéigh
thought that 3 could be synthesized from 1-(pyridin-2- showed thaBawas obtained in 79% yield.
yl)guanidines 5 using a similar reaction (Scheme 2). The

guanidiness were envisaged to be prepared RASreaction of

2-halopyridines4 with guanidine. It was assumed that oxidation

of 5 would give intermediat®, and treatment 06 with a base
would lead to cyclization and affor8. To the best of our
knowledge, oxidation ob followed by ring closure with a base
has not been hitherto reported. Thus, in order edfyw our
concept, we first investigated chlorination of a wmocompound
1-(5-nitropyridin-2-yl)guanidinesa™ (Table 2, entry 1) usiny-
chlorosuccinimide (NCS) and ring closure of the otad
chlorinated intermediat@a by aqueous $CO; (Scheme 3, (a)).

NH
oxidizing

R_ HoN agents

o NH |\\N
oy —— L,
= X [ 2

4 5

R
X g4
NH.
Z N7 NH, SN 2
H
6 3

Scheme 2. Proposed synthesi8 &fom 1-(pyridin-2-
yl)guanidinesA

When a slurry oba in MeCN was treated with 1.1 equiv of
NCS at 40 °C, generation of yellow solids was obseivedfew
minutes. After cooling to room temperature, the gwlisolids
were isolated by filtration. HRMS and NMR analysis ealed
that the structure of the obtained compound was6hadbut 6a
(Figure 1)**'* Fortunately, ring closure oféa proceeded
smoothly in MeCN by addition of 2.1 equiv 0b®0; in H,O at
40 °C, affording3a in 93% yield. Compound3a was also
synthesized from 2-amino-5-nitropyridine accordirg the
procedure described in Scheme 1 (See Experimemiztio®),
and we confirmed that the spectral dat8Bafprepared by these
two methods was identic&l.

e O
<'r}1 NH, Z N

H one peak corresponding

to NH,, protons in "H NMR

correlation
in HMBC

6a 6b
Figure 1. Structure determination&d

With this promising result in hand, optimization d¢lie
reaction condition was conducted through a screerfig
oxidizing agents, bases and solvents (Table 1). Ayntre
screened chlorinating agentsBuOCI gave3a in good yield
comparable to NCS (80%, entry 5). Other chlorinataggnts
such as aqueous NaOCI, chloramine-T, trichloroisaegaracid
(TCCA), 1,3-dichloro-5,5-dimethylhydantoin (NDDH) all
decreased the yield (entries 1-4). The use of otix@izing
agents was also examined. WhNebromosuccinimide (NBS)
gave the product in low yield (14%, entry B)jodosuccinimide
(NIS) did not give the product (entry 7). Takingseaf handling
and price of the reagent into consideration, NCS sedected as
the oxidizing agent for further optimization.

Organic bases such as pyridine, triethylamine and @Bk
the product in lower yield than aqueousCiO; (entries 8-10).
Interestingly, solid KCO; gave the product in lower yield (34%,
entry 11) than aqueous,BO;. The use of 1M NaOH gave the
product in comparable yield to aqueougCR; (77%, entry 12),
whereas the use of aqueous KOAc largely decreasegtiglte
(5%, entry 13). These results indicate that the afsa strong
inorganic base and the presence gDHare essential for high
conversion obato 3a

It was found that alcohol solvents could also bealiuse this
one-pot process (entries 14-16). When alcohol stdvevere
used for the reaction, precipitation of the prodwes observed
after addition of aqueous,&Os. Following further addition of
H,O to the reaction mixturea was easily isolated by filtration.
The best yield (87% isolated yield) was achieved wiie©H

For the synthesis d3a, it was possible to use MeCN as the Was used as the solvent (entry 14).

solvent for both the chlorination 6& and the ring closure @a

These results led us to explore the possibilityaofonvenient
one-pot synthesis &a from 5a in MeCN (Scheme 3, (b)). After
5a was reacted with 1.1 equiv of NCS in MeCN at 40 °Clfor

min, 2.1 equiv of KCO; in H,O was added, and the mixture was

stirred for 30 min at the same temperature. Follgwertraction

with EtOAc and washing with 10% aqueous NaCl, the organic

(a) sequential reaction

OoN

NN NH NCS 1.1 equiv SNONY aqKxCO32.1equiv 0N~ _N
| _— > | )|\ — > N \>—NH
Z >N NH Z N7 NH NG 2
H 2 MeCN H 2 MeCN N
40 °C, 15 min 40 °C, 30 min
5a 6a 3a
90% 93%
(b) one-pot reaction
O:N SN N NCS 1.1 equiv O:N N <Cl aQKCO; 216quv  OoN._~y N
A > = - _ D—NH,
N° NH MeCN N° NH . . NN
40°C, 15 min 40°C, 30 min
5a 6a 3a
not isolated 79% (HPLC assay yield)

Scheme 3. Synthesis 8 from 5avia 6a



Table 1. Optimization of the reaction condition foe one-

pot synthesis o3a

oxidizing agents

ON N JNLH 1.1 equiv ON N )Nl\*><
Z N™ NM2 40°c, 15 min 7~ N NH
5a 6
2.? quiiv 0NN
40°C, 30 min = \N\>_NH2
3a
oxidizing yield®
entry solvent base
agent (%)
1 aq NaOClI MeCN aqK£o; 41
2 chloramine-T MeCN agKo; 42
3 TCCR MeCN aq KCOs 69
4 NDDH MeCN aq KCO; 42
5 t-BuOClI MeCN aq KCOs 80
6 NBS MeCN aq KCO; 13
7 NIS MeCN aq KCO; 0
8 NCS MeCN pyridine 32
9 NCS MeCN triethylamine 15
10 NCS MeCN DBU 51
11 NCS MeCN KCOs 34
12 NCS MeCN 1M NaOH 77
13 NCS MeCN aq KOAc 5
14 NCS MeOH aq KCO; 87
15 NCS EtOH aqg KCo, £
16 NCS i-PrOH aq kCO; 68

4HPLC assay yield.

®0.37 equiv of TCCA was used for the reaction.

¢ Isolated vyield.

In order to study the scope and limitation of teaation, a
series of 1-(pyridin-2-yl)guanidine derivativeSsb—5m were
prepared by $Ar reaction of 2-halopyridine derivative® with
guanidine carbonate or guanidine hydrochloride escidbed in
Scheme 2 (Table 2). Although many kinds of 2-halwjiyes
were examined, the \8r reaction proceeded only when 2-
halopyridines possessed electron withdrawing groapgiés 1-
9). Due to the low solubility 06 in common organic solvents,
isolation of5 required a rather troublesome work-up &das

obtained in low to moderate yields.

Table 2.Preparation of 1-(pyridin-2-yl)guanidine derivat&

reaction yield
entr substrate product
conditiorf (%)
ON_~y ON NN
|
1 A A 7NN, 25
4a 5a

I SN I SN NH
2 A o r uJLNHz 32
NO, NO,
4b 5h
| N | SN NH
3 B o ¢ u)L NH 39
Cl Cl
4c 5¢c
Cho RS T
AB LK
4 B e NN, a7
4d 5d
B B8
5 B “ >l 7 N7 NH, 12
CF, CFs
4e 5e
FaC FCSSN M
T G
6 C Z N” " NH, 3¢
ol N
4f 5
S SN NH
| I
7 B FSCQC| Fic uJ\NHz 47
49 5g
F F
@ | SN NH
8 D | i P HJLNHZ 37
4h 5h
F3C i N F3C | N )NLH
9 c 7 el F N N, 36
Cl [¢]]
4i 5i
10 B N e N” ”J\NHz 50
4 5§
X
_N
11 B & HN.__NH 58
aK NH,
5k
N HN>;
\ N NH,
12 C @E(f— “ @[O\%NH 57
4m 5m

# Reaction conditions described in the table arfeliswys:

A guanidine hydrochloride (10 equiv),,80; (15 equiv),t-
BuOH, reflux.

B guanidine carbonate (3 equiv),,®0; (5 equiv), 1-
methylpyrrolidin-2-one (NMP), 120-146C.

C guanidine carbonate (1 equiv),G0; (3 equiv), NMP,
100-120°C.

D guanidine carbonate (3 equiv),,®0; (5 equiv), N,N-
dimethylacetamide, 120C.

® |solated vyield.

©0.9 NMP solvate was obtained.

With these substrates in hand, the one-pot oxidativ
cyclization was applied to compounsis—-5m(Table 3). When 1-
(3-nitropyridin-2-yl)guanidine5b was subjected to the above-
mentioned one-pot chlorination-cyclization procegurthe
product precipitated in the reaction mixture. Aftatdition of
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H,O to the reaction mixture3b was isolated by filtration in
86% vyield (entry 1).

The reaction of 1-(3-chloropyridin-2-yl)guanidingc, in
contrast, gave a completely different result frém tesults of the
reactions ofsa and5b (entry 2). Wherbc was treated with 1.1
equiv of NCS, chlorination proceeded smoothly toegav/single
chlorinated product. However, treatment of the chiaed
intermediate with aqueous,&BO; unexpectedly gave two main
products with several kinds of byproducts. After &ion by
column chromatography, the two products were analyzgd
HRMS and NMR. Interestingly, HRMS analysis showed that
two compounds have the same accurate molecular mass
corresponding to molecular formulaHGCIN,. In addition,H
NMR spectra of the two compounds showed a similar looyip
pattern: one triplet-like peak and two doublet-ligeaks in the
aromatic region, and one peak corresponding tg Nigtons,
whereas the chemical shifts of the correspondingieathe two
compounds were different. These results implied tresitment
of the chlorinated intermediate with aqueougC®&; gave not
only the desire®c but a compound having a similar structure to
3c via an unexpected reaction pathway. Subsequent two-
dimensional NMR experiments such as HMBC and NOESY
spectra indicated that the structure of the unebepiggroduct was
7c depicted in Figure Z The structures ddc and7c obtained in
this one-pot oxidative cyclization were confirmed dgymparing
the spectral data with that 8t and 7c prepared according to
known procedures (Scheme®)’

In the case of 1-(5-chloropyridin-2-yl)guanidined,
compound7d was obtained as the main product in 50% yield
with a trace amount ofdd (entry 3). Then 1-(pyridin-2-
yl)guanidines bearing a GFroup at three different positions
were subjected to the reaction. Compodadbearing a 3-Cf
group gave3e as the main product in 44% yield afd as the
minor product in 20% yield, respectively (entry @n the other
hand, in the case of the 4-Cénd 5-Ck derivatives, compound
became the main product. Compousfdgave 7f in 52% yield
(entry 5), andsg gave7g in 50% yield (entry 6), respectively.
Interestingly, the reaction &h bearing a 2-F group gave neither
3h nor 7h (entry 7). Although the chlorination &h proceeded
cleanly, addition of aqueous,8O; made the reaction mixture a
dark purple solution, and generation of severaldinof
unidentified products was observed. Compo&nbearing a 3-Cl
group and a 5-GFgroup gave3i as the main product in 57%
yield (entry 8).

The reaction was also applied to guanidines comigira
bicyclic ring such as 1-(quinolin-2-yl)guanidinbj and 1-
(isoquinolin-1-yl)guanidinék. Fortunately, bottbj and5k were
successfully chlorinated by NCS, and treatment witfueous
K,CO; gave tricyclic compounds. Whes) was subjected to the
reaction,7j was obtained as the main product in 39% yield yentr
9). On the other hand, the reaction5#f gave 3k as the main
product in 35% vyield (entry 10). Unfortunately, metcase of 1-
(benzofljoxazol-2-yl)guanidinebm, the cyclized products were
not obtained (entry 11).

Table 3. One-pot oxidative cyclization of 1-(pyrie-
yl)guanidine derivative§?

5b

S
I=
P4
I

N

| SNONH
NH,

10 HN.__NH
\lé

3b
86%

-N

Z NN
>—NH.
A \N 2

cl
3c

27%

Cl N

Z\id
S—NH
\Q\/L\N>— 2

3d

trace

NN
D—NH
GRS
CF3
3e

44%

FsC~

S

3f
23%
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X
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16%
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3h
N.D.
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57%
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N
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1 SN,
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7b
N.D.”

NH,
A
A=y
cl
7c

19%

NH,
ZNN
SN
7d
50%

Cl

NH,

A

CF3

FsC.

FsC

13%

HN
V=
=N
Q-
7m

N.D.

entry substrate product
N NH,
SN NH ZN-
1 | Py « _ D>—NH, = N/\<N
N7 NH, N SN
NO, NO,

NO,

®Not Detected.

 The substrates in MeOH were treated with 1.1 equN®@$
at 40 °C for 15 min. Then 2.1 equiv 0§®0; in H,O was added,
and the reaction mixture was stirred at 40 °C fon89.

©0.9 NMP solvate o5f was used as the substrate.
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Figure 2. Structure determinationtd

In Table 3, the substrates having an electron wathirg
group at 3-position of the pyridine ringl, 5c, 5€) gave3 as the
major product. Meanwhile, whil&d and 5f, which have an
electron withdrawing group at 5-position, mainly gave
compoundba with a strong electron withdrawing group (NGt
5-position gave exclusively compouidd Interestingly, although
compound5f gave mainly compound, compound5i, which
have one more additional electron withdrawing gro@f) &t 3-
position, showed a different reactivity frosf and gave mainly

compound3. These results may indicate that the type, positio

and number of substituents affect the reactionvpayti®

As mentioned previously, oxidation of

In the case 05, an electron deficient pyridine ring is thought
to increase acidity of the neighboring NH proton, vahigould
cause base promoted formation of diazilevia 11 (Scheme 6,
(a)). Ring opening of2 is assumed to proceed in two different
pathways. The attack of a nitrogen atom of a pyeding to the
nitrogen atom of the diazirine would giv@ via N-N bond
cleavage (path A), while the attack of the nitrogémmaof the
pyridine ring to the carbon atom of the C=N doubdedb of the
diazirine would giver via C-N bond cleavage (path B).

An alternative possible reaction mechanism is thes on
involving nitrene formation (Scheme 6, (69)Anion 11 could
generate nitren&3 by loss of a chlorine atom, and ring closure of
13 would give 3 (path C)' At the same time, there is a
possibility that nitrenel4, which is an isomer 013, could give
carbodiimide15 via Curtius-type rearrangemenit® The attack
of the nitrogen atom of the pyridine ring to thebemn atom of
the carbodiimide would givé (path D).

At present, it is difficult to predict which reactiggmathway
mainly works in each substrate. Further detailecstigation is

1-(pyridin-2- required to elucidate the factors (substituentdiaitng agent,

yl)guanidine derivatived and their ring closure with a base has temperature, base and solvent) that control theirtm reaction

not been previously reported. Meanwhile, a litemtsurvey

pathway.

shows that treatment of amidines with aqueous NaOCI/NaOBé Conclusions

gives 3-halo-3-substituted diazirines via an irgéng reaction
mechanism (Scheme 5).In this diazirine formation reported
first by Graham, intermediates other thirchloro andN,N'-
dichloroamidines have not been directly obseRlethus, it is
not clear whether the diazirine formation proceeds direct
displacement of a halogen atom with a nitrogen ardorvia
formation of iminonitrene. Mosst al. intensively studied this
reaction and reported that dichlorination of amédinis
prerequisite for the base promoted diazirine foromatwhile N-
chloro andN,N',N-trichloroamidines did not afford diazirifé.
Probably, the second chlorination of a NHroup would be
essential because the chlorine atom acts as arntroglec
withdrawing group and promotes deprotonation of thepgxdion
by a base.

NH NaOX XN NaOX XN
B — — /”\’“H —
R NH R™ON’
2 (X=Cl. Br) NH, )
)
OH
-
X N
N (D @/ N=N
| o —> Ny > R N —_— X
RN RN ‘&ex R™OX
X

Scheme 5. Formation of 3-halo-3-substituted diagsiby
Graham's procedure (ref 19)

We have shown that chlorination of 1-(5-nitropyridin
yl)guanidine 5a by NCS followed by treatment with aqueous
K,CO; gives rise to cyclization and affords 6-nitro-
[1,2,4]triazolo[1,5a]pyridin-2-amine 3a. It was possible to
conduct this reaction sequence in one-pot by usia®H as the
solvent. In the course of studying the scope amddtion of this
one-pot oxidative cyclization, it was found that sowof the 1-
(pyridin-2-yl)guanidine  derivatives 5 gave not only
[1,2,4]triazolo[1,5a]pyridin-2-amines3 but [1,2,4]triazolo[4,3-
a]pyridin-3-amines?. Although we proposed plausible reaction
mechanisms based on the diazirine formation andnttrene
formation, the precise reaction mechanism remaios bé
elucidated. A more detailed study on this reactienta be
performed in the future.
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N )I\ 1.5 equiv SN s o NH,OH-HCI 5.0 equiv P N
| ) SCN™ “OEt 1 TR DIPEA 3.0 equiv N\ S—NH,
NH N~ N~ OEt N
cl acetone cl H H EtOH cl
50°C,1h 50°C,2h
1c 86% 2c 68% 3c

Q NHZNHZ-HZO 5.0 equiv ) SCN><)< 1.2 equiv @\ Hon
¥ = .N N
Cl EtOH NHNH; THF N 7<\!<

reflux, 40 h cl t, 14 h Cl S
4c 9M1% 8 89% 9
L
,’{l/ ¢ 1:3 equiv
I\Ille NH,
NEt; 2.4 equiv HN 6M HCI 7 N«(
/< —_— N
Z NN XNSN
THF P N MeOH
n,5h N 50°C,3h Cl
0 CI 0,
51% 10 32% 7c

Scheme 4. Preparation & and7c according to known procedures
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5 o6 1
OH
R
)\Qﬁ pathA R N
(a) cyclization via diazirine formation S | o~ N N \>—NH2
N\T(N SN
R ~ R\/%N NH; 3
W |
| ch - & -
P N-N
N NH»
NH,
11 12 R\%N path B R NH»
> |)r‘/ £~ VNH > N\
2 ~
N‘7/ X N
ND
7
R_,/"\.. R
- —_— . X . path C
N N: -N
(b) cyclization via nitrene formation |) — )\) CNL \>—NH2
s ~
N~ "NH, NN
3
R ~ R .
SN (N’C' SN N:
(LS | | L | —
N) NH, N™ "NHy
S]
1 13 R

Scheme 6. Plausible reaction mechanisms of theabxalcyclization o6



4. Experimental section
4.1. General

All materials were purchased from commercial supplemd

7
orange solid (1.16 g, 25%). mp 228 °& NMR (500 MHz,
DMSO-dg) 6 6.58 (d,J = 9.5 Hz, 1H), 7.30 (br s, 4H), 8.10 (dH,
= 9.3, 3.0 Hz, 1H), 8.93 (d,= 2.8 Hz, 1H);®*C NMR (125 MHz,
DMSO-dg) & 118.0, 131.3, 134.8, 144.6, 159.7, 167.2; IR (ATR)
3406, 3033, 1664, 1599, 1563, 1509, 1461, 1412313262,

used without any additional purification. NH silica | ge 1111, 992, 947, 934, 864, 836, 771, 726, 713, B3@, 452, 420

(CHROMATOREX) was purchased from Fuji Silysia Chemical

Ltd. Melting points were determined on a Biichi MaitiPoint B-
540 and on a Stanford Research Systems OptiMelt MB@ 1
and are uncorrected unless otherwise noteldand *C NMR
spectra were

-1,

cm’; HRMS-ESI (m/z): [M + H] calecd for GHgN:O,,
182.0678; found, 182.0673.

4.3.2. 1-(3-Nitropyridin-2-yl)guanidine (5b)

recorded on a BRUKER AVANCE 500 To a suspension of 2-chloro-3-nitropyrididb (5.00 g, 31.5

spectrometer and on a BRUKER AVANCE 600 spectrometemmol) and guanidine hydrochloride (30.1 g, 315 mjninl t-

with tetramethylsilane as an internal standard. Gtanshifts
are shown in ppm. HPLC analysis of the compoundseaction
monitoring was carried out on a Shimadzu LC-20}0Gigh-
resolution mass spectrometry (HRMS) data was obtaored
Shimadzu Prominence UFLC system with a Thermofidiep
Orbitrap Discovery. IR spectra were recorded on a riiber
Electron FT-IR Nicolet 4700 (ATR). Elemental anakyseere
recorded on an Elementar vario MICRO cube. HPLC damd
are as follows: Inertsil ODS-3 column, 5 pum, 250 mrh.&c mm
i.d.; UV detector at 254 nm; isocratic elution with {H/50
mM aqueous KEPO, (pH 7) (30:70) at 1.0 mL/min flow rate;
column temperature: 25 °C. Retention timba: (3.9 min), 3a
(4.9 min).

4.2. General procedure for the one-pot oxidative cyclization

To a solution of 1-(3-chloropyridin-2-yl)guanidiibe (1.00 g,
5.86 mmol) in MeOH (100 mL) was addddchlorosuccinimide
(861 mg, 6.45 mmol) at 40 °C, and the mixture wasest at the
same temperature for 15 min. To the resulting glwas added
K,CO; (1.70 g, 12.3 mmol) in 0 (20 mL) at 40 °C, and the
mixture was stirred at the same temperature for 8Q After
cooling to room temperature, the solvent was comatadin

vacuo. To the residue were added EtOAc (100 mL) and 109

aqueous NaCl (50 mL), and the layers were separdted.
aqueous layer was extracted with EtOAc (2 x 100 mLy, the
combined organic layer was washed with 10% aquegG©OK(2

x 50 mL) and 10% aqueous NaCl (50 mL). The orgaaje
was concentratedn vacuo and the residue was purified by
column chromatography (NH silica gel, 1:4 EtOAc/hexdne
3:97 MeOH/EtOAC) to give crud&c (275 mg) and/c (190 mg,
19%, pale brown solid). Crud&c (150 mg) was triturated with
EtOAc/hexnae (1:1, 2 mL) and filtered to gi®e (148 mg, 27%)
as a pale brown solid.

4.3. Syntheses of 1-(pyridin-2-yl)guanidine derivatives 5

4.3.1. 1-(5-Nitropyridin-2-yl)guanidine (5a)*?

To a suspension of 2-chloro-5-nitropyrididea (5.00 g, 31.5
mmol) and guanidine hydrochloride (30.1 g, 315 nmmol t-
BuOH (250 mL) was added,KO; (65.3 g, 473 mmol), and the
mixture was refluxed for 50 h. The solvent was rendobg

BuOH (150 mL) was added,RO; (65.4 g, 473 mmol), and the
mixture was refluxed for 40 h. The solvent was rendotg
evaporation, and EtOAc (500 mL) was added to the wesitihe
suspension was filtered through a pad of NH silica get the
pad was washed with EtOAc (2 x 100 mL). The combiné&ctd
was washed with saturated brine (3 x 15 mL) and 10&e@s
NaCl (2 x 15 mL), and concentratéd vacuo. The resulting
solids were suspended in EtOAc/hexane (1:2, 45 mi)séired
at 50 °C for 1 h. The mixture was cooled to roompgerature
and stirred for 1 h, and then filtrated to give trade product
(3.99 g). The crude product (1.00 g) was suspended i
EtOAc/hexane (1:2, 9 mL), and the mixture was stiae80 °C
for 30 min. The mixture was cooled to room tempewratand
stirred for 1 h, and then filtrated to gi%e as a yellow solid (462
mg, 32%). mp 140-141 °C (fit.mp 143-144 °C)*H NMR (500
MHz, DMSO-ds) § 6.73 (dd,J = 7.6, 5.0 Hz, 1H), 6.96 (br s, 4H),
7.86 (ddJ=7.9, 1.9 Hz, 1H), 8.21 (dd,= 4.7, 1.9 Hz, 1H)}*C
NMR (125 MHz, DMSOs) 5 111.9, 130.8, 140.3, 148.8, 154.7,
158.4; IR (ATR) 3458, 3412, 3128, 2362, 1651, 158336,
1491, 1417, 1348, 1325, 1257, 1044, 877, 837, 780, 714,
586, 555, 527, 447 ¢ HRMS-ESI (m/z): [M + HJ calcd for
CsHgNsO,, 182.0678; found, 182.0670.

.3.3. 1-(3-Chloropyridin-2-yl)guanidine (5c)

To a suspension of 2,3-dichloropyridinke (4.50 g, 30.4
mmol) and guanidine carbonate (16.4 g, 91.2 mmpl)1i
methylpyrrolidin-2-one (NMP) (40 mL) was addedGOs (21.0
g, 152 mmol), and the mixture was heated to 140rf€C tirred
for 30 h. The mixture was filtered through a gladterf at
approximately 100 °C, and the cake was washed with E{GAc
90 mL). The combined filtrate was washed withOH(45 mL)
and 10% aqueous NaCl (3 x 45 mL), and concentiiatgdcuo.
The residue was suspended in EtOAc/hexane (1:2, 45 anid)
the mixture was stirred at 50 °C for 1 h. The migturas cooled
by ice bath and stirred for 1 h, and then filterée obtained
solids were suspended in® (45 mL), and the slurry was stirred
at 50 °C for 1 h. The mixture was cooled by ice ke stirred
for 1 h, and then filtered to givec (2.01 g, 39%) as a white
solid. mp 138 °C'*H NMR (500 MHz, DMSO#d,) & 6.63 (dd,J =
7.7, 4.9 Hz, 1H), 6.83 (br s, 4H), 7.61 (dds 7.7, 1.7 Hz, 1H),
7.98 (dd,J = 4.9, 1.7 Hz, 1H)**C NMR (125 MHz, DMSQOd,) &

evaporation, and #0 (200 mL) was added to the residue. The113.8 123.0, 136.9, 144.1, 157.8, 159.2; IR (ABRY4, 3365,

slurry was stirred at room temperature for 1 h trenh filtered.
The wet cake was washed with@H(2 x 10 mL). The resulting
solids were suspended in EtOHMH (1:6, 11 mL), and the
mixture was stirred at 60 °C for 1 h. The mixture wasled by
ice bath and stirred for 1 h, and then filterede Tiet cake was
washed with KO (3 x 2 mL) and drieth vacuo to give the crude
product (3.69 g). The crude product (3.00 g) wapended in
EtOAc/hexane (1:2, 27 mL), and the mixture was stiged0 °C
for 30 min. The mixture was cooled to room temperatand
stirred for 1 h, and then filtered. The obtainedidsowere
suspended in EtOAc/hexane (1:1, 12 mL), and the mexias
stirred at 50 °C for 30 min. The mixture was cootedroom
temperature and stirred for 1 h, and then filtdedive 5a as an

3148, 2357, 1609, 1555, 1512, 1421, 1311, 1230411521,
1036, 997, 951, 855, 764, 731, 668, 646, 558, 528, 455, 431,
405 cm®; HRMS-ESI (m/z): [M + H] calcd for GHgCIN,,

171.0437; found, 171.0432.

4.3.4. 1-(5-Chloropyridin-2-yl)guanidine (5d)

To a suspension of 5-chloro-2-fluoropyrididd (5.00 g, 38.0
mmol) and guanidine carbonate (20.5 g, 114 mmoNNP (50
mL) was added ¥CO; (26.3 g, 190 mmol), and the mixture was
heated to 130 °C and stirred for 8 h. To the mitat room
temperature were added EtOAc (100 mL) an® H200 mL),
and the layers were separated. The agueous layeextrasted
with EtOAc (3 x 100 mL), and the combined organic tayas
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washed with 10% aqueous NaCl (3 x 50 mL) and condedtra
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product (1.00 g) was suspended in EtOAc/hexane (11LP

in vacuo. To the resulting residue was added EtOAc (500 mL)and the mixture was stirred at 50 °C for 1 h. Thetane was

and the solution was filtered through a pad of NHailjel. The
filtrate was evaporated, and the residue was susgeimle
EtOAc/hexane (1:3, 40 mL). The mixture was stirred@fC for
1 h. The mixture was cooled to room temperaturesainckd for
1 h, and then filtered. The obtained solids wersahgd into
H,O (15 mL) at 50 °C, and the solution was graduallyled to
room temperature. The slurry was stirred at roamperature for
1 h, and then filtered to gived (3.03 g, 47%) as a white solid.
mp 162-163 °C'H NMR (500 MHz, DMSO#dg) § 6.60 (dd,J =
8.8, 0.6 Hz, 1H), 6.75 (br s, 4H), 7.48 (dds 8.8, 2.8 Hz, 1H),
8.04 (d,J = 2.5 Hz, 1H);”*C NMR (125 MHz, DMSOd,) &
119.3, 120.0, 136.5, 143.7, 157.6, 162.1; IR (ABRpS, 3414,
2362, 1627, 1573, 1543, 1518, 1463, 1370, 13148,12229,
1133, 1110, 1004, 914, 857, 834, 756, 730, 614, 520 459,
436, 405 cnT; HRMS-ESI (m/z): [M + HJ calcd for GHCIN,
171.0437; found, 171.0432.

4.3.5. 1-(3-(Trifluoromethyl)pyridin-2-yl)guanidine
(5e)

To a suspension of 2-chloro-3-(trifluoromethyl)mnie 4e
(20.0 g, 55.3 mmol) and guanidine carbonate (2915 mmol)
in NMP (100 mL) was added,K0; (38.2 g, 277 mmol), and the
mixture was heated to 120 °C and stirred for 40te mixture
was filtered through a glass filter at approximat&0p °C, and
the cake was washed with EtOAc (5 x 200 mL). The caseti
filtrate was washed with 40 (100 mL) and 10% aqueous NaCl
(3 x 100 mL), and concentratéd vacuo. The residue was
purified by column chromatography (NH silica gel,
EtOAc/hexane 1:10 to 2:3) to give the crude prodict.the
crude product in EtOAc (200 mL) was added activatathara
(500 mg), and the mixture was stirred at room tewpee for 30
min. The activated carbon was filtered off, and fifteate was
concentratedn vacuo. The residue was dissolved into EtOAc
(200 mL), and 4M HCI in EtOAc (14 mL, 55.3 mmol) waslad
at 5 °C. The mixture was stirred at 5 °C for 30 mand then
filtered. To the obtained solids were added EtOAc (@) and

aqueous 5% NaHCQO(50 mL), and the layers were separated.

The aqueous layer was extracted with EtOAc (100 mLd,tae
combined organic layer was concentrated vacuo. To the
residue was added EtOAc/hexane (1:3, 10 mL), and lthey s
was stirred at 5 °C for 1 h, and then filtered teedbe (1.31 g,
12%) as a white solid. mp 128-130 °&f NMR (500 MHz,
DMSO-ds)  6.72 (dd,J = 7.4, 4.9 Hz, 1H), 6.87 (br s, 4H), 7.78
(dd, J = 7.6, 1.9 Hz, 1H), 8.23 (ddl, = 5.0, 1.6 Hz, 1H)C
NMR (125 MHz, DMSOds) & 111.9, 115.8 (¢’Jcr = 28.8 Hz),
124.3 (9,"9¢e = 270.0 Hz), 135.1 (dJ)cr = 6.3 Hz), 149.7, 157.7,
160.5; IR (ATR) 3483, 3449, 3384, 3164, 1614, 159361,
1513, 1430, 1334, 1301, 1256, 1226, 1158, 1127211070,
1027, 965, 859, 806, 779, 742, 695, 615, 583, 883, 471, 448,
435, 422 crit; HRMS-ESI (m/z): [M + HJ calcd for GHgF3N,,
205.0701; found, 205.0696.

4.3.6. 1-(5-(Trifluoromethyl)pyridin-2-yl)guanidine
0.9 1-methylpyrrolidin-2-one solvate (5f)

To a suspension of 2-chloro-5-(trifluoromethyl)mime 4f
(8.00 g, 44.1 mmol) and guanidine carbonate (7,9%d. mmol)
in NMP (80 mL) was added KOs (18.3 g, 132 mmol), and the
mixture was heated to 120 °C and stirred for 7 he Wixture
was filtered through a glass filter at approximat&0p °C, and
the cake was washed with EtOAc (5 x 160 mL). The coeatbin
filtrate was washed with 4@ (80 mL) and 10% aqueous NaCl (3
x 80 mL), and concentrated vacuo. To the residue was added
EtOAc/hexane (1:2, 40 mL), and the mixture was stiged0 °C
for 1 h. The mixture was cooled by ice bath andedirfor 1 h,
and then filtered to give the crude product (6.13Te crude

cooled to room temperature and stirred for 1 h, tued filtered
to give 5f (829 mg, 39%) as a white solid. mp 95-97 °B;
NMR (500 MHz, DMSO¢d,) & 1.85-1.96 (m, 1.8H, NMP), 2.18
(t, J = 8.0 Hz, 1.8H, NMP), 2.70 (s, 2.7H, NMP), 3.30J(t 6.9
Hz, 1.8H, NMP), 6.66 (dJ = 8.8 Hz, 1H), 7.01 (br s, 4H), 7.67
(dd,J = 8.8, 2.5 Hz, 1H), 8.35 (br s, 1HJC NMR (125 MHz,
DMSO<ds) & 17.2 (NMP), 28.9 (NMP), 30.1 (NMP), 48.4
(NMP), 113.9 (q2Jcr = 32.1 Hz), 118.3, 124.9 (§)cr = 268.3
Hz), 133.1 (9.2Jcr = 2.5 Hz), 143.5 (q%Jcr = 5.0 Hz), 158.8,
166.1, 173.7 (NMP); IR (ATR) 3483, 3449, 3384, 316814,
1591, 1561, 1512, 1430, 1334, 1301, 1256, 12268,11%527,
1102, 1070, 1027, 965, 859, 806, 779, 742, 695, 654, 584,
542, 480, 470, 448, 435, 422, 410 &mMHRMS-ESI (m/z): [M +
H]* calcd for GHgFsN,, 205.0701; found, 205.0694; Anal. Calcd
for CppdHisN4Fs00s C, 47.08; H, 5.19; N, 23.39. Found: C,
46.96 H, 5.13; N, 23.17.

4.3.7. 1-(4-(Trifluoromethyl)pyridin-2-yl)guanidine
(59)

To a suspension of 2-chloro-4-(trifluoromethyl)mmie 4g
(4.50 g, 24.8 mmol) and guanidine carbonate (13Z4gt mmol)
in NMP (45 mL) was added KOs (17.1 g, 124 mmol), and the
mixture was heated to 120 °C and stirred for 18te mixture
was filtered through a glass filter at approximat&0p °C, and
the cake was washed with EtOAc (5 x 90 mL). The contbine
filtrate was washed with 4@ (45 mL) and 10% aqueous NaCl (3
x 45 mL), and concentratéd vacuo. The residue was suspended
in EtOAc/hexane (1:2, 23 mL), and the mixture wagedirat 50
°C for 1 h. The mixture was cooled by ice bath atirdlesl for 1
h, and then filtered. The obtained solids were sudge in HO
(13 mL) and the slurry was stirred at 50 °C for IThe mixture
was gradually cooled by ice bath and stirred for, Jaind then
filtered to give5g (2.39 g, 47%) as a white solid. mp 141-142
°C; ™H NMR (500 MHz, DMSOd;) & 6.75 (s, 1H), 6.85 (dd),=
5.4, 1.6 Hz, 1H), 6.92 (br s, 4H), 8.25 (U= 5.4 Hz, 1H);"C
NMR (125 MHz, DMSOds) 8 107.5 (. Jcr = 2.5 Hz), 113.9 (q,
%Jor = 3.8 Hz), 123.2 (qiJer = 271.3 Hz), 137.3 (dfJer = 32.5
Hz), 147.7, 158.3, 164.2; IR (ATR) 3388, 3045, 1664395,
1527, 1411, 1335, 1293, 1271, 1171, 1145, 11223,1980, 871,
817, 793, 758, 731, 689, 667, 561, 536, 467, 424, 401 cr;
HRMS-ESI (m/z): [M + HJ calcd for GHgF:;N, 205.0701;
found, 205.0693.

4.3.8. 1-(6-Fluoropyridin-2-yl)guanidine (5h)

To a suspension of 2,6-difluoropyridingh (4.00 g, 34.8
mmol) and guanidine carbonate (12.5 g, 69.6 mmuoIN,N-
dimethylacetamide (80 mL) was addedC; (14.4 g, 104
mmol), and the mixture was heated to 120 °C anckedtiior 6 h.
At this point, guanidine carbonate (6.27 g, 34.8 Mnand
K,CO; (9.62 g, 69.6 mmol) were added, and the mixture was
stirred at 120 °C for an additional 3 h. After caglito room
temperature, EtOAc (160 mL) and,® (240 mL) were added,
and the layers were separated. The agueous layeextrasted
with EtOAc (5 x 40 mL), and the combined organic layes
washed with saturated brine (2 x 40 mL) and 10% aggé&@aCl
(3 x 40 mL), and concentratéd vacuo. The resulting residue
was purified by column chromatography (NH silica gel,
EtOAc/hexane 1:1). The obtained solids were susperided
EtOAc/hexane (1:2, 36 mL), and the mixture was stiged0 °C
for 1 h. The mixture was cooled to room temperagure stirred
for 1 h, and then filtered. The obtained solids warspended in
H,O (12 mL), and the mixture was stirred at 50 °C fdr. IThe
mixture was cooled to room temperature and stireedLth, and
then filtered to give the crude product (2.31 gheTcrude
product (1.00 g) was suspended in EtOAc/hexane (118Lh



and the slurry was stirred at 50 °C for 1 h. The torx was
gradually cooled to room temperature and stirred Ifch, and

then filtered to givésh (866 mg, 37%) as a white solid. mp 121—

122 °C;'H NMR (500 MHz, DMSO#dg) 6 6.27 (dd,J = 7.6, 2.2

9
1H), 7.43-7.53 (m, 1H) 7.59 (d,= 8.5 Hz, 1H), 7.65 (dd] =
8.0, 1.1 Hz, 1H), 7.90 (d, = 8.8 Hz, 1H),°C NMR (125 MHz,
DMSO-ds) & 121.7, 122.2, 123.4, 125.7, 127.1, 128.6, 135.9,
146.4, 158.9, 162.9; IR (ATR) 3411, 2997, 1657, 062585,

Hz, 1H), 6.48 (ddJ = 8.0, 2.1 Hz, 1H), 6.67 (br s, 4H), 7.56 (dt, 1535, 1491, 1444, 1417, 1378, 1349, 1309, 12846,12212,

J=9.8, 7.9 Hz, 1H)"C NMR (125 MHz, DMSQds) 5 96.4 (d,
2J = 36.3 Hz), 115.6 (4= 5.0 Hz), 141.5 (d®J== 6.3 Hz),
158.0, 161.2 (dXJy= 233.8 Hz), 162.6 (Jy== 12.6 Hz); IR
(ATR) 3485, 3310, 3137, 2255, 2179, 1709, 1635,816%64,
1537, 1487, 1464, 1416, 1334, 1260, 1243, 12221,11655,
1035, 988, 957, 866, 781, 726, 696, 673, 596, 532, 472, 422,
404 cm®’; HRMS-ESI (m/z): [M + H] calcd for GHgFN,,

155.0733; found, 155.0725.

4.3.9. 1-(3-Chloro-5-(trifluoromethyl)pyridin-2-
yl)guanidine (5i)

To a suspension of 2,3-dichloro-5-(trifluorometipylidine 4i
(10.0 g, 46.3 mmol) and guanidine carbonate (8,36 mmol)
in NMP (100 mL) was added,K0; (19.2 g, 139 mmol), and the
mixture was heated to 100 °C and stirred for 5 he Tixture
was filtered through a glass filter at approximat&0p °C, and

1142, 1119, 1016, 1003, 974, 944, 929, 828, 788, 762, 684,
640, 593, 550, 478, 467, 447, 416 EMHRMS-ESI (m/z): [M +
H]"* caled for GoHy;N,, 187.0984; found, 187.0976.

4.3.11. 1-(Isoquinolin-1-yl)guanidine (5k)

To a suspension of 1-chloroisoquinolidé (4.50 g, 27.5
mmol) and guanidine carbonate (14.9 g, 82.5 mmMmoNMP (45
mL) was added ¥CO; (19.0 g, 138 mmol), and the mixture was
heated to 120 °C and stirred for 15 h. The mixtues filtered
through a glass filter at approximately 100 °C, &mel cake was
washed with EtOAc (5 x 90 mL). To the combined filtratas
added HO (45 mL) and the layers were separated. The organic
layer was washed with 10% aqueous NaCl (3 x 45 mL) and
concentratedin vacuo. The residue was purified by column
chromatography (NH silica gel, EtOAc/hexane 1:1). The
obtained solids were suspended isOH45 mL) and the slurry

the cake was washed with EtOAc (200 mL). To the combinedvas stirred at 50 °C for 1 h. The mixture was codi@doom

filtrate was added 10% aqueous NaCl (100 mL), andapers
were separated. The aqueous layer was extracted Y#AcH3
x 100 mL). The combined organic layer was washed Wit
aqueous NacCl (3 x 100 mL) and concentratedacuo. To the
residue was added EtOAc (100 mL), and the solutioncmaked
by ice bath. To the solution was added 4M HCI in EtG2a8
mL, 92.6 mmol), and the mixture was stirred for 2ahd then
filtered. To the obtained solids were added EtOAc (210,

temperature and stirred for 1 h, and then filtdeedive the crude
product (3.30 g). The crude product (700 mg) wapended in
EtOAc/hexane (1:2, 11 mL), and the mixture was stiged0 °C
for 1 h. The mixture was cooled to room temperature stirred
for 1 h, and then filtered to givek (0.627 g, 58%) as a white
solid. mp 193-194 °CH NMR (500 MHz, DMSOds) & 6.98 (d,
J=6.0 Hz, 1H), 7.11 (br s, 4H), 7.43 (ddd+ 8.2, 6.9, 1.3 Hz,
1H), 7.58 (dddJ = 7.6, 7.6, 1.3 Hz, 1H), 7.61-7.67 (m, 1H), 7.90

H,O (50 mL) and 8M NaOH (12 mL, 92.6 mL), and the layers(d, J = 5.7 Hz, 1H), 8.62 (d) = 8.5 Hz, 1H);’*C NMR (125

were separated. The aqueous layer was extracted @#AcH3

x 100 mL). The combined organic layer was concesdrat
vacuo. The residue was purified by column chromatografty
silica gel, EtOAc/hexane 1:3 to 1:1) to give the erpdoduct. To
the crude product was addedH(10 mL), and the mixture was
stired at 60 °C for 1 h. The mixture was cooled rémm
temperature and stirred for 1 h, and then filtexedive 5i (4.02
g, 36%) as a white solid. mp 146-149 “8;NMR (500 MHz,
DMSO-dg) 5 7.14 (br s, 4H), 7.91 (d,= 2.2 Hz, 1H), 8.30 (dd]

= 2.4, 1.1 Hz, 1H)**C NMR (125 MHz, DMSOd,) & 113.9 (q,
“Jor = 32.5 Hz), 122.8, 124.0 (§lcr = 268.8 Hz), 132.9 (Jcr

= 2.5 Hz), 141.7 (¢%Jcr = 5.0 Hz), 159.2, 161.5; IR (ATR) 3511,
3457, 3405, 3324, 1624, 1600, 1542, 1519, 14615,14682,
1331, 1307, 1257, 1153, 1112, 1088, 1054, 999, 93@, 878,
809, 773, 721, 670, 641, 598, 543, 481, 465, 4P5, dm’;
HRMS-ESI (m/z): [M + HJ calcd for GH,CIF;N,, 239.0311;
found, 239.0309.

4.3.10. 1-(Quinolin-2-yl)guanidine (5j)
To a suspension of 2-chloroquinolidg (4.50 g, 27.5 mmol)
and guanidine carbonate (14.9 g, 82.5 mmol) in NMP rfiL)

MHz, DMSOd) § 111.3, 125.5, 125.6, 126.0, 126.8, 130.0,
137.3, 140.4, 158.9, 162.0; IR (ATR) 3382, 30467211586,
1519, 1489, 1443, 1390, 1363, 1315, 1277, 1211911889,
1020, 964, 950, 877, 810, 797, 757, 728, 682, 688, 520, 463,
425, 404 crit; HRMS-ESI (m/z): [M + H] calcd for GoHyiNa,
187.0984; found, 187.0976.

4.3.12. 1-(Benzo[d] oxazol-2-yl)guanidine (5m)

To a suspension of 2-chlorobendjaxazole4m (4.50 g, 29.3
mmol) and guanidine carbonate (5.28 g, 29.3 mmmoNMP (90
mL) was added ¥CO; (12.1 g, 87.9 mmol), and the mixture was
heated to 100 °C and stirred for 1 h. After cooltogroom
temperature, EtOAc (135 mL) and,® (225 mL) were added,
and the layers were separated. The agueous layeextrasted
with EtOAc (3 x 90 mL). The combined organic layer was
washed with 10% aqueous NaCl (3 x 23 mL) and condediita
vacuo. The residue was purified by column chromatografty
silica gel, EtOAc/hexane 1:3 to 1:1). The obtainetidsowere
suspended in $# (23 mL) and the mixture was stirred at 40 °C
for 1 h. The mixture was cooled by ice bath andedifor 1 h,
and then filtered to give the crude product (3.83Tde crude

was added KCO; (19.0 g, 138 mmol), and the mixture was product (700 mg) was suspended in EtOAc/hexane (1:l1),

heated to 120 °C and stirred for 17 h. After cooltngroom
temperature, EtOAc (90 mL) was added, and the mixias
filtered through a glass filter. The cake was washid EtOAc
(4 x 90 mL). To the combined filtrate was addeg®®OH45 mL),
and the layers were separated. The organic layerwessed
with 10% aqueous NaCl (2 x 45 mL) and concentrategcuo.
The residue was suspended in EtOAc/hexane (1:2, 45 anid)
the mixture was stirred at 50 °C for 1 h. The migturas cooled
to room temperature and stirred for 1 h, and thikeréd. The
obtained solids were suspended yOH14 mL), and the mixture
was stirred at 50 °C for 1 h. The mixture was codigdce bath
and stirred for 1 h, and then filtered to ghje(2.54 g, 50%) as a
white solid. mp 218-219 °CH NMR (500 MHz, DMSOdg) &
6.80 (d,J = 8.8 Hz, 1H), 7.18 (br s, 4H), 7.22 (s 7.4, 1.3 Hz,

and the mixture was stirred at 50 °C for 1 h. Thetane was
cooled to room temperature and stirred for 1 h, ted filtered
to give 5m as a white solid (535 mg, 57%). mp 185-186 °C
(Iit.*® 186 °C);'H NMR (500 MHz, DMSOdg) 5 7.03 (dd,J =
7.7, 1.1 Hz, 1H), 7.07-7.20 (m, 1H), 7.18 (br s, 4H20%7.30
(m, 1H), 7.30-7.40 (m, 1H}’C NMR (125 MHz, DMSOdy) &
108.5, 115.3, 120.8, 123.0, 142.5, 146.6, 159.8,4t8R (ATR)
3448, 3340, 3196, 3056, 1609, 1547, 1455, 13446,13251,
1177, 1101, 1029, 1007, 962, 919, 755, 728, 504, 486, 409
cm % HRMS-ESI (m/z): [M + HJ calcd for GHoN,O, 177.0776;
found, 177.0768.

4.4, 2-Chloro-1-(5-nitropyridin-2-yl)guanidine (6a)
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To a suspension dfa (544 mg, 3.00 mmol) in MeCN (27 1062, 1029, 962, 907, 794, 779, 772, 749, 675, 639, 561,
mL) was addedN-chlorosuccinimide (NCS, 441 mg, 3.30 mmol) 537, 408 cm; HRMS (ESI): [M+H] calcd for GHeCIN,,

at 40 °C, and the mixture was stirred at this terupee for 15
min. The mixture was cooled by ice bath and stifeed30 min,

and then filtered to givea (584 mg, 90%) as a pale yellow solid.

mp 154-155 °C*H NMR (500 MHz, DMSO#dy) & 7.35 (d,J =

9.5 Hz, 1H), 7.58 (br s, 2H), 8.44 (dii= 9.5, 2.8 Hz, 1H), 9.05

(d,J = 2.5 Hz, 1H), 10.3 (s, 1H}*C NMR (125 MHz, DMSO-
de) & 111.2, 133.7, 137.8, 144.5, 157.5, 157.9; IR (ABRp1,
3228, 3056, 1659, 1599, 1562, 1523, 1478, 1413213287,
1243, 1159, 1111, 1014, 978, 954, 889, 850, 838, 733, 697,
609, 528, 499, 416 c¢h HRMS (ESI): [M+H] caled for
CsH-NsO,Cl, 216.0288; found, 216.0287.

4.5, Syntheses of [1,2,4] triazolo[ 1,5-a] pyridin-2-amines 3 and
[1,2,4] triazolo[ 4,3-a] pyridin-3-amines 7

4.5.1. 6-Nitro-[1,2,4] triazolo[1,5-a] pyridin-2-
amine (3a)
4.5.1.1. Synthesis from 6a

169.0281,; found, 169.0273.

4.5.4, 8-Chloro-[1,2,4]triazolo[4,3-a] pyridin-3-
amine (7c¢)

mp 270-271 °C (decompose) (ift.275-276 °C);'H NMR
(600 MHz, DMSOd,) & 6.56 (s, 2H), 6.75 (ddl = 7.0, 7.0 Hz,
1H), 7.28 (dJ = 7.1 Hz, 1H), 8.06 (dd] = 6.8, 0.8 Hz, 1H)**C
NMR (150 MHz, DMSOsdg) 6 111.2, 120.0, 121.6, 124.0, 143.2,
149.8; IR (ATR) 3265, 3106, 1658, 1629, 1575, 151300,
1439, 1414, 1378, 1331, 1154, 1128, 1043, 1036, 933, 882,
868, 781, 758, 727, 687, 651, 568, 557, 539, 500, 404 cri;
HRMS (ESI): [M+HT] caled for GHeCIN,, 169.0281; found,
169.0273.

4.5.5. 6-Chloro-[1,2,4]triazolo[4,3-a] pyridin-3-
amine (7d)

Compound5d (512 mg, 3.00 mmol) in MeOH (51 mL) was
treated with NCS (441 mg, 3.30 mmol) angCiO; (871 mg, 6.3
mmol) in KO (10 mL), and work-up was conducted according to

To a suspension @@ (431 mg, 2.00 mmol) in MeCN (22 mL) e general procedure. The residue obtained aftgsceation of

was added KCO; (581 mg, 4.20 mmol) in D (9 mL) at 40 °C,
and the mixture was stirred at this temperature3@min. After

the organic layer was purified by column chromatpgsa(NH
silica gel, EtOAc/hexane 1:1 to EtOAc) to give crudt (262

cooling to room temperature .8 (35 mL) was added, and the gy Cruderd (150 mg) was triturated with EtOAc/hexane (2:1,

mixture was cooled by ice bath and stirred for 3@,rand then

filtered to give3a (332 mg, 93%) as a yellow solid. mp 311-312

°C (lit.** mp 310 °C);"H NMR (600 MHz, DMSO#dg) & 6.68 (s,

2H), 7.47 (dJ = 9.5 Hz, 1H), 8.16 (dd] = 9.4, 2.3 Hz, 1H), 9.64

(d, J = 1.9 Hz, 1H);"*C NMR (150 MHz, DMSOdg) & 110.9,
123.8, 126.9, 135.1, 152.6, 168.7; IR (ATR) 34482@® 3237,
3110, 3070, 3033, 1633, 1561, 1522, 1488, 1448214328,
1290, 1256, 1205, 1139, 1081, 1038, 946, 888, 880, 744,
725, 697, 610, 582, 550, 489, 424 EnHRMS (ESI): [M+H]
calcd for GHgNsO,, 180.0521; found, 180.0514.

4.5.1.2. One-pot synthesis from 5a

To a suspension da (362 mg, 2.00 mmol) in MeOH (36

2 mL) and filtered to give’d (145 mg, 50%) as a pale yellow
solid. mp 256 °C (decomposél NMR (600 MHz, DMSO#dg) &
6.48 (s, 2H), 7.08 (dd, = 9.8, 1.9 Hz, 1H), 7.50 (dd,= 9.8, 0.8
Hz, 1H), 8.34 (ddJ = 1.7, 0.9 Hz, 1H)**C NMR (150 MHz,
DMSO-dg) 5 116.5, 118.3, 120.1, 125.8, 144.1, 148.5; IR (ATR)
3248, 3094, 1664, 1630, 1578, 1509, 1447, 13919,13337,
1165, 1137, 1034, 928, 851, 824, 817, 790, 734, 678, 540,
416 cm*; HRMS (ESI): [M+H] calcd for GHeCIN,, 169.0281;
found, 169.0279.

4.5.6. 8-(Trifluoromethyl)[1,2,4]triazolo[1,5-
a] pyridin-2-amine (3e)
Compound5e (817 mg, 4.00 mmol) in MeOH (82 mL) was

mL) was added NCS (294 mg, 2.20 mmol) at 40 °C, &ed t treated with NCS (588 mg, 4.40 mmol) angCiO; (1.16 g, 8.40

mixture was stirred at this temperature for 15 nmilio. the
resulting slurry was added,&O; (581 mg, 4.20 mmol) in O

(7 mL) at 40 °C, and the mixture was stirred at thimperature
for 30 min. After cooling to room temperature,GH(29 mL) was
added, and the mixture was stirred for 30 min, &ed filtered to
give 3a (312 mg, 87%) as a yellow solid.

4.5.2. 8-Nitro[1,2,4]triazolo[ 1,5-a] pyridin-2-amine
(3b)

Compound3b was synthesized frolsb (544 mg, 3.00 mmol)
according to the procedure described for the ornesythesis of
3a. Yellow solid, 461 mg, 86% vyield. mp 350 °C (decosgp
'H NMR (600 MHz, DMSO#dg) 6 6.71 (s, 2H), 7.04 (dd), = 7.5,
7.5 Hz, 1H), 8.41 (dd] = 8.3, 1.1 Hz, 1H), 8.99 (dd,= 6.4, 1.1

Hz, 1H); *C NMR (150 MHz, DMSOdg) & 109.2, 127.2, 132.7,

133.4, 145.2, 167.7; IR (ATR) 3361, 3309, 3220, 313101,
1631, 1561, 1519, 1442, 1413, 1340, 1272, 1194911877,
1038, 984, 898, 841, 835, 795, 752, 738, 686, 568, 543, 474,
452 cm*; HRMS (ESI): [M+H] calcd for GHgNsO,, 180.0521;
found, 180.0513.

4.5.3. 8-Chloro-[1,2,4] triazolo[1,5-a] pyridin-2-
amine (3c)

mp 225 °C;'"H NMR (600 MHz, DMSOd) & 6.25 (s, 2H),
6.86 (dd,J = 7.7, 6.6 Hz, 1H), 7.60 (dd,= 7.7, 0.9 Hz, 1H),
8.55 (dd,J = 6.8, 1.1 Hz, 1H)**C NMR (150 MHz, DMSOdy) &
110.9, 116.9, 126.7, 128.1, 148.4, 166.1; IR (ABRR3, 3164,
1641, 1627, 1544, 1506, 1407, 1308, 1221, 12036,11321,

mmol) in KO (16 mL), and work-up was conducted according to
the general procedure. The residue obtained afegyagation of
the organic layer was purified by column chromatpgsa(NH
silica gel, EtOAc/hexane 1:4 to EtOAc) to give crigke (473
mg) and crud&e (189 mg). Crude&e (200 mg) was purified by
column chromatography (NH silica gel, EtOAc/hexane th4
1:1), and the obtained solids were triturated witDAc/hexane
(2:1, 1 mL) and filtered to giv8e (151 mg, 44%) as a white
solid. mp 221 °C!H NMR (600 MHz, DMSO¢) & 6.44 (s, 2H),
7.00 (t,J = 7.2 Hz, 1H), 7.84 (d] = 7.6 Hz, 1H), 8.84 (d] = 6.8
Hz, 1H);**C NMR (150 MHz, DMSQd)  109.9, 112.6 (¢ Jcr

= 33.0 Hz), 122.9 (qJcr = 270.0 Hz), 127.2 (e = 4.5 Hz),
131.2, 146.8, 166.8; IR (ATR) 3342, 3209, 1640, 2,58524,
1509, 1460, 1421, 1352, 1330, 1303, 1226, 11996,11612,
1068, 1028, 959, 929, 906, 807, 794, 762, 717, 663, 526,
507 cm; HRMS (ESI): [M+H7] calcd for GHgFsN,, 203.0545;
found, 203.0540.

4.5.7. 8-(Trifluoromethyl)[1,2,4]triazolo[4,3-
a] pyridin-3-amine (7€)

Crude7e (100 mg) was triturated with EtOAc/hexane (1:1, 1
mL) and filtered to givere (87 mg, 20%) as a yellow solid. mp
258 °C (decomposejH NMR (600 MHz, DMSO«d,) & 6.64 (s,
2H), 6.88 (t,J = 7.0 Hz, 1H), 7.58 (d] = 6.8 Hz, 1H), 8.30 (d]
= 7.2 Hz, 1H);"*C NMR (150 MHz, DMSQd) & 109.9, 115.9
(0, e = 33.0 Hz), 122.5 (qiJcr = 270.0 Hz), 125.0 (Jcr =
6.0 Hz), 126.6, 140.6, 149.2; IR (ATR) 3304, 315861, 1637,
1585, 1558, 1508, 1450, 1424, 1390, 1338, 1313012463,



1139, 1114, 1046, 1031, 946, 872, 773, 742, 738, 692, 611,
564, 520, 504 cm; HRMS (ESI): [M+HT calcd for GHgF3N.,
203.0545; found, 203.0540.

4.5.8. 6-(Trifluoromethyl)[1,2,4]triazolo[1,5-
a] pyridin-2-amine (3f)

Compound5f (1.17 g, 4.00 mmol) in MeOH (117 mL) was
treated with NCS (588 mg, 4.40 mmol) angCiO; (1.16 g, 8.40

11
124.8 (q,2)cr = 33.0 Hz), 143.9, 149.4; IR (ATR) 3272, 3081,
1651, 1572, 1509, 1481, 1428, 1371, 1336, 1293312645,
1050, 1035, 937, 887, 826, 793, 779, 741, 731, 638, 639,
606, 576, 526, 459, 433, 407 ¢m HRMS (ESI): [M+H] calcd
for C;HeFaN,, 203.0545; found, 203.0540.

4.5.12. 8-Chloro-6-
(trifluoromethyl)[1,2,4] triazolo[1,5-a] pyridin-2-

mmol) in H,O (23 mL), and work-up was conducted according toamine (3i)

the general procedure. The residue obtained afegsagation of
the organic layer was purified by column chromatpgsa(NH
silica gel, EtOAc/hexane 1:1 to 4:1) to gi¥&(184 mg, 23%) as
a white solid and crud@f (454 mg). mp 182 °C*H NMR (600
MHz, DMSO-<s) & 6.37 (s, 2H), 7.52 (d] = 9.4 Hz, 1H), 7.68
(dd, J = 9.1, 1.9 Hz, 1H), 9.18 (s, 1HYC NMR (150 MHz,
DMSO-ds) & 112.8, 113.4 (q°Jcr = 33.5 Hz), 123.7 (qJcr =
269.0 Hz), 124.9 (q%Jcr = 3.0 Hz), 126.6 (3Jcr = 4.5 Hz),
151.4, 167.5; IR (ATR) 3343, 3172, 2360, 2341, 164864,
1543, 1522, 1428, 1358, 1331, 1307, 1181, 11208,10634,
938, 864, 809, 761, 740, 674, 639, 562, 537, 438, dém’;
HRMS (ESI): [M+H] calcd for GHgFsN,, 203.0545; found,
203.0538.

4.5.9. 6-(Trifluoromethyl)[1,2,4]triazolo[4,3-
a] pyridin-3-amine (7f)

Compound5i (716 mg, 3.00 mmol) in MeOH (72 mL) was
treated with NCS (441 mg, 3.30 mmol) angCiK; (871 mg, 6.30
mmol) in KO (14 mL), and work-up was conducted according to
the general procedure. The residue obtained afegsagation of
the organic layer was purified by column chromatpgsa(NH
silica gel, EtOAc/hexane 1:5 to 5:1) to give criglg420 mg)
and crude7i (129 mg). Crudesi (200 mg) was triturated with
EtOAc/hexane (1:1, 2 mL) and filtered to gi8e(193 mg, 57%)
as a white solid. mp 238-239 °@&4 NMR (600 MHz, DMSO-
de) & 6.62 (s, 2H), 7.99 (dJ = 1.5 Hz, 1H), 9.22 (s, 1H)7C
NMR (150 MHz, DMSOd,) 8 113.3 (q,Jcr = 34.5 Hz), 117.5,
123.1 (9,9¢r = 268.5 Hz), 124.2 (dJer = 1.5 Hz), 125.9 (G Jcr
= 4.5 Hz), 149.5, 167.3; IR (ATR) 3379, 3299, 316B1B 1627,
1542, 1401, 1351, 1321, 1306, 1219, 1170, 11164,10031,
975, 920, 883, 869, 841, 758, 691, 652, 628, 532, 502, 449,
410 cm® HRMS (ESI): [M+H] calcd for GHsCIF:N,,

Crude7f (200 mg) was dissolved in EtOAc and washed withy37 0155 found. 237.0148.

5% aqueous }COs; After evaporation of the solvent, the
obtained solids were triturated with EtOAc/hexane (2:ImL)

4.5.13. 8-Chloro-6-

and filtered to giverf (184 mg, 52%) as a yellow solid. mp 249 (trifluoromethyl)[1,2,4] triazolo[4,3-a] pyridin-3-

°C (decompose)H NMR (600 MHz, DMSOd,) & 6.72 (s, 2H),
7.23(ddJ=9.8, 1.5 Hz, 1H), 7.63 (d,= 9.8 Hz, 1H), 8.77 (d]

= 1.5 Hz, 1H);*C NMR (150 MHz, DMSOdg) 5 114.0 (qJcr =
33.5 Hz), 117.0, 119.8 (dJcr = 3.0 Hz), 123.2 (q%Jcr = 6.0
Hz), 123.6 (q,"Jcr = 269.0 Hz), 144.7, 149.5; IR (ATR) 3257,
3105, 1666, 1650, 1588, 1531, 1450, 1405, 1376213270,
1119, 1031, 930, 889, 833, 801, 777, 743, 651, 683, 566,
542, 522, 425, 410 ch HRMS (ESI): [M+H] calcd for
C;HgFsN,, 203.0545; found, 203.0539.

4.5.10. 7-(Trifluoromethyl)[1,2,4] triazolo[1,5-
a] pyridin-2-amine (39)

Compound5g (817 mg, 4.00 mmol) in MeOH (82 mL) was
treated with NCS (588 mg, 4.40 mmol) angCiO; (1.16 g, 8.40

amine (7i)

Crude7i (129 mg) was triturated with EtOAc/hexane (1:1, 1
mL) and filtered to givei (72 mg, 9%) as a white solid. mp 266
°C (decompose)H NMR (600 MHz, DMSO#d,) & 6.89 (s, 2H),
7.58 (d,J = 1.1 Hz, 1H), 8.79 (s, 1H)*C NMR (150 MHz,
DMSO-ds) & 113.9 (q,Jcr = 34.0 Hz), 119.0 (q\Jcr = 2.7 Hz),
121.7, 122.6 (qXJcr = 6.0 Hz), 123.0 (qJcr = 269.5 Hz), 142.5,
150.9; IR (ATR) 3472, 3297, 3228, 3104, 2998, 162372,
1542, 1518, 1441, 1377, 1345, 1312, 1234, 11635,11069,
1037, 948, 905, 884, 873, 865, 831, 754, 732, 685, 630, 550,
446, 424 cr; HRMS (ESI): [M+H] calcd for GHsCIF;N,,
237.0155; found, 237.0151.

4.5.14. [1,2,4] Triazolo[ 1,5-a] quinolin-2-amine (3j)

mmol) in H,O (16 mL), and work-up was conducted accordingto Compound5j (745 mg, 4.00 mmol) in MeOH (75 mL) was

the general procedure. The residue obtained afegyagation of
the organic layer was purified by column chromatpgsa(NH
silica gel, EtOAc/hexane 1:4 to 10:1) to gi¥g (131 mg, 16%)
as a pale yellow solid and crudg (496 mg). mp 167-168 °C;
'"H NMR (600 MHz, DMSO#dg) & 6.35 (s, 2H), 7.15 (dd}, = 7.0,
2.1 Hz, 1H), 7.82 (s, 1H), 8.78 (d,= 7.2, 1H);"*C NMR (150
MHz, DMSO-d) 8 106.7 (q,Jce = 3.0 Hz), 109.7 (q%Jcr = 3.8
Hz), 123.3 (q,J¢r = 270.8 Hz), 128.7 (dJcr = 33.0 Hz), 128.7,
149.5, 167.4; IR (ATR) 3327, 3166, 1650, 1556, 152309,
1483, 1326, 1272, 1256, 1211, 1180, 1119, 10575,19%1, 860,
789, 758, 740, 673, 582, 568, 544, 443, 413'CHRMS (ESI):
[M+H™] caled for GHgFsN,, 203.0545; found, 203.0539.

4.5.11. 7-(Trifluoromethyl)[1,2,4] triazolo[ 4,3-
a] pyridin-3-amine (79)

treated with NCS (588 mg, 4.40 mmol) angCiO; (1.16 g, 8.40
mmol) in KO (15 mL), and work-up was conducted according to
the general procedure. The residue obtained afegsagation of
the organic layer was purified by column chromatpgsa(NH
silica gel, EtOAc/hexane 1.5 to EtOAc/MeOH 99:5) to give
crude3j (168 mg) and crudgj (370 mg). Crud@&j (130 mg) was
purified by column chromatography (NH silica gel,
EtOAc/hexane 1:2), and the obtained solids were &ti¢ak with
EtOAc/hexane (1:3, 3 mL) and filtered to gi8e(115 mg, 20%)
as a pale pink solid. mp 196 °& NMR (600 MHz, DMSOd)

3 6.09 (s, 2H), 7.45—-7.54 (m, 2H), 7.78Jt 7.9 Hz, 1H), 7.94
(d,J =9.4 Hz, 1H), 8.02 (d] = 7.6 Hz, 1H), 8.15 (d] = 8.3 Hz,
1H); ®C NMR (150 MHz, DMSOdy) & 113.2, 114.5, 121.9,
124.0, 129.0, 129.7, 130.2, 132.5, 148.5, 165.6(ARR) 3328,
3178, 1651, 1611, 1561, 1530, 1449, 1418, 13925,133830,

Crude7g (200 mg) was dissolved in EtOAc and washed With1215 1092, 1054. 810, 767. 756. 745. 691. 643, bG8, 522

10% aqueous NICI and HO. After evaporation of the solvent,
the obtained solids were triturated with EtOAc/hexabd,(4

mL) and filtered to giverg (162 mg, 50%) as a white solid. mp

275 °C (decomposejH NMR (600 MHz, DMSO«d,) & 6.71 (s,
2H), 6.99 (dd,) = 7.6, 1.5 Hz, 1H), 7.99 (s, 1H), 8.25 (& 7.6
Hz, 1H); ®*C NMR (150 MHz, DMSOdg) & 106.6 (q,2Jcr = 3.0
Hz), 114.6 (q3Jcr = 5.5 Hz), 123.3 (qiJcr = 270.5 Hz), 124.1,

508, 477, 424, 409 ch HRMS (ESI): [M+H] calcd for
C1HgN,, 185.0827; found, 185.0820.

4.5.15. [1,2,4] Triazolo[4,3-a] quinolin-1-amine (7))
Crude7j (300 mg) was purified by column chromatography

(NH silica gel, EtOAc), and the obtained solids wertutated
with EtOAc/hexane (1:1, 3 mL) and filtered to give(231 mg,
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39%) as a pink solid. mp 255-256 fitmp 175-177 °C, Iit®
mp 250-253 °C)’H NMR (600 MHz, DMSOd,) & 6.31 (br s,
2H), 7.40 (dJ = 9.4 Hz, 1H), 7.45-7.55 (m, 2H), 7.65Jt 7.6
Hz, 1H), 7.87 (dJ = 7.6 Hz, 1H), 8.52 (dJ = 8.3 Hz, 1H);”C
NMR (150 MHz, DMSOd) 5 115.1, 115.9, 124.0, 125.3, 127.4,
128.5, 128.6, 131.9, 146.1, 151.5; IR (ATR) 32922® 1654,
1612, 1567, 1546, 1539, 1471, 1449, 1440, 13901,13329,
1278, 1214, 1171, 1150, 1126, 1065, 1039, 1008, 988, 879,
854, 803, 754, 739, 691, 680, 609, 565, 536, 580, 418 cr;
HRMS (ESI): [M+H] calcd for GoHgN, 185.0827; found,
185.0820.

4.5.16. [1,2,4] Triazolo[5,1-a] isoquinolin-2-amine
(3k)

Compound5k (745 mg, 4.00 mmol) in MeOH (75 mL) was
treated with NCS (588 mg, 4.40 mmol) angCiO; (1.16 g, 8.40

Tetrahedron

HRMS: (ESI): [M+H] caled for GH;;N,O,S, 271.0501; found,
271.0497.

To a stirred solution of ethyl [(5-nitropyridin-2-
yl)carbamothioyl]carbamate (1.00 g, 3.70 mmol) itOH (10
mL) were addedN,N-diisopropylethylamine (1.43 g, 11.1 mmol)
and hydroxylamine hydrochloride (1.29 g, 18.5 mmahd the
mixture was stirred at 50 °C for 1.5 h. After coolit@g room
temperature, O (10 mL) was slowly added to the mixture. The
slurry was stirred at room temperature for 1 h #reh filtered.
The wet solids were suspended in EtQAképtane (1:1, 10 mL),
and the mixture was stirred at 50 °C for 30 mine Thixture was
cooled to room temperature and stirred for 1 h, ted filtered
to give3a (587 mg, 89%) as a yellow solid.

4.7. Synthesis of 3¢ from 3-chloropyridin-2-amine 1c

mmol) in H,O (15 mL), and work-up was conducted according to4,.7.1. Ethyl [(3-Chloropyridin-2-

the general procedure. The residue obtained afegyagation of
the organic layer was purified by column chromatpgsa(NH

yl)carbamothioyl] carbamate (2c)
To a stirred solution of 3-chloropyridin-2-amide (800 mg,

Sl“ca gel, EtOAC/heXane 1:2 to EtOAC/MeOH 982) to g|Ve622 mmo') |n acetone (8 mL) was added ethoxycamony

crude 3k (361 mg) and crud@&k (141 mg). Crude3k (300 mg)

was purified by column chromatography (NH silica gel,

EtOAc/hexane 1:2), and the obtained solids were &ti¢ak with
EtOAc/hexane (2:1, 9 mL) and filtered to gi¥k (212 mg, 35%)
as an orange solid. mp 193-195 ®8;NMR (600 MHz, DMSO-
ds) 8 6.03 (s, 2H), 7.27 (d] = 7.2 Hz, 1H), 7.70 (td] = 7.5, 1.3
Hz, 2H), 7.95 (dJ = 7.5 Hz, 1H), 8.29 (d] = 7.7 Hz, 1H), 8.37
(d, J = 7.2 Hz, 1H);"*C NMR (150 MHz, DMSOdg) & 110.7,
120.1, 123.1, 124.6, 127.3, 127.7, 129.2, 131.8,114165.3; IR
(ATR) 3320, 3175, 1638, 1556, 1537, 1523, 1486,4143100,
1370, 1330, 1298, 1258, 1137, 1095, 1058, 904, 828, 747,
704, 682, 659, 613, 570, 548, 509, 416 tnHRMS (ESI):
[M+H™] caled for GgHgN,, 185.0827; found, 185.0820.

4.5.17. [1,2,4] Triazolo[ 3,4-a] isoquinolin-3-amine
(7k)

isothiocyanate (1.22 g, 9.33 mmol), and the mixtwes stirred
at 50 °C for 1 h. After cooling to room temperatug® (16 mL)
was slowly added, and the mixture was stirred at 400tC30
min. The mixture was cooled to room temperature sainced for
1 h, and then filtered to givec (1.39 g, 86%) as a white solid.
mp 126-128 °C'H NMR (600 MHz, DMSOdg) & 1.27 (t,J =
7.2 Hz, 3H), 4.23 (qJ = 7.2 Hz, 2H), 7.42 (dd] = 8.1, 4.7 Hz,
1H), 8.04 (ddJ = 7.9, 1.5 Hz, 1H), 8.45 (dd, = 4.5, 1.5 Hz,
1H), 11.4-11.5 (m, 2H)?°C NMR (150 MHz, DMSOdy) 5 14.1,
62.1, 124.4, 128.5, 138.7, 147.1, 148.5, 153.4,8R (ATR)
3152, 2989, 1723, 1578, 1510, 1474, 1447, 1423013321,
1266, 1235, 1171, 1137, 1068, 1041, 1031, 870, 768, 753,
736, 708, 680, 647, 598, 551, 534, 418 GnHRMS (ESI):
[M+H™] caled for GH,,CIN;O,S, 260.0261; found, 260.0258.

4.7.2. Synthesis of 3c from 2c

Crude7k (141 mg) was purified by column chromatography T 3 stirred solution o2c (1.00 g, 3.85 mmol) in EtOH (10

(NH silica gel, EtOAc/hexane 1:1 to EtOAc), and the otsdi
solids were triturated with EtOAc/hexane (1:1, 2 mhgl diltered
to give 7k (98 mg, 13%) as an orange solid. mp 263
(decompose)!H NMR (600 MHz, DMSO¢d,) & 6.47 (s, 2H),
7.07 (d,J = 7.2 Hz, 1H), 7.63 (dt) = 7.7 Hz , 2H), 7.79 (d] =
7.0 Hz, 1H), 7.90 (dJ = 7.6 Hz, 1H), 8.31 (d) = 7.1 Hz, 1H);
*C NMR (150 MHz, DMSOdg) & 112.1, 119.8, 121.6, 122.0,
127.3, 128.5, 129.0 (2C), 143.7, 149.9; IR (ATR1LB33139,
1644, 1567, 1557, 1525, 1480, 1459, 1437, 1370513303,
1132, 1044, 982, 926, 896, 783, 769, 750, 741, 708, 679,
636, 560, 507, 484, 471, 462, 443, 432, 421, 405;dARMS
(ESI): [M+H"] calcd for GgHgN,, 185.0827; found, 185.0821.

4.6. Synthesis of 3a from 5-nitropyridin-2-amine

To a stirred solution of 5-nitropyridin-2-amine @0.g, 7.19
mmol)
isothiocyanate (1.41 g, 10.8 mmol), and the mixtwes stirred
at 50 °C for 22 h. After cooling to room temperaturgO (10
mL) was slowly added to the mixture. The slurry wasest at
room temperature for 1 h and then filtered to gathyl [(5-
nitropyridin-2-yl)carbamothioyl]carbamate (1.46 @5%) as a
brown solid. mp 178-179 °CH NMR (600 MHz, DMSOdj) 5
1.28 (t,J = 7.2 Hz, 3H), 4.25 (q) = 7.2 Hz, 2H), 8.69 (dd] =
9.2, 3.0 Hz, 1H), 8.90 (dl = 9.4 Hz, 1H), 9.22 (d) = 2.6 Hz,
1H), 12.0 (br s, 1H), 12.5 (br s, 1HY¥C NMR (150 MHz,
DMSO-dq) 6 14.0, 62.5, 113.9, 134.2, 140.8, 144.6, 153.3,2,55
177.9; IR (ATR) 3162, 2994, 1720, 1579, 1529, 150855,
1355, 1311, 1243, 1192, 1143, 1110, 1038, 1004, 849, 840,
799, 757, 734, 714, 700, 628, 596, 525, 501, 438, dm™;

in acetone (10 mL) was added ethoxycarbonyl

mL) were addedN,N-diisopropylethylamine (1.49 g, 11.6 mmol)

,-and hydroxylamine hydrochloride (1.34 g, 19.3 mmahd the

mixture was stirred at 50 °C for 2 h. After coolitg room
temperature, D (10 mL) was slowly added to the mixture. The
slurry was stirred at room temperature for 1 h #reh filtered.
The wet solids were suspended in EtGAképtane (1:1, 10 mL),
and the mixture was stirred at 50 °C for 30 min. Theture was
cooled to room temperature and stirred for 1 h, ted filtered

to give3c (443 mg, 68%) as a white solid.

4.8. Synthesis of 7c from 2,3-dichloropyridine 4c

4.8.1. 3-Chloro-2-hydrazinylpyridine (8)*°

To a stirred solution ofic (5.00 g, 33.8 mmol) in EtOH (25
mL) was added hydrazine monohydrate (6.77 g, 135 linrzwad
the mixture was heated to reflux for 20 h. At thisnpoadditional
|hydrazine monohydrate (1.69 g, 33.8 mmol) was added,the
mixture was heated to reflux for 20 h. The mixturesweoled by
ice bath and stirred for 1 h, and then filteredgtee 8 (4.40 g,
91%) as a white solid. mp 164-166 °C {limp 163-164 °C)*H
NMR (600 MHz, DMSO#dg) & 4.22 (br s, 2H), 6.61 (dd,= 7.6,
4.9 Hz, 1H), 7.52— 7.64 (m, 2H), 8.05 (dds 4.7, 1.3 Hz, 1H);
®C NMR (150 MHz, DMSQd) 6 113.2, 113.6, 136.2, 145.7,
155.7; IR (ATR) 3284, 3195, 1592, 1494, 1455, 1413243,
1264, 1122, 1033, 991, 968, 957, 930, 787, 761, 736, 634,
610, 543, 497, 438, 423, 416 CHRMS (ESI): [M+H] calcd
for CsH,CIN3, 144.0328; found, 144.0323.

4.8.2. 2-(3-Chloropyridin-2-yl)-N-(2,4,4-
trimethylpentan-2-yl)hydrazinecarbothioamide (9)
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To a stirred solution 08 (3.00 g, 20.9 mmol) in THF (150 We thank Mr. Kenichi Oka and Ms. Yoko Fujioka for
mL) was added 2-isothiocyanato-2,4,4-trimethylpeatéh30 g, LC/MS analysis, Ms. ltsuko Nakase for elementallysis, and
25.1 mmol), and the mixture was stirred at roomperature for  Dr. David Cork for his advice on the manuscript.
14 h. The mixture was concentratedvacuo, and the residue
was purified by column chromatography (EtOAc/hexar® fo  Supplementary data
give the crude product. The crude product was sukgukenn
hexane (35 mL), and the mixture was stirred at 5630 min. Copies of'H NMR and**C NMR data for all products in this
The mixture was cooled to room temperature andestifor 1 h,  article, HMBC spectrum 06a, HMBC and NOESY spectra of
and then filtered to giv® (5.84 g, 89%) as a white solid. mp 3a, 3b, 3¢, 7c, 7d, 3e 7¢ 3f, 7f, 3qg, 79, 3i, 7i, 3], 7], 3k and7k.
105-106 °C}H NMR (600 MHz,CDC}) § 0.93 (s, 9H), 1.60 (s, Supplementary data associated with this article mfound in
6H), 1.91 (s, 2H), 6.86 (m, 2H), 7.11 (br s, 1H), 7BAB3 (m, the online version, at
2H), 8.18 (dJ = 4.5 Hz, 1H);”®C NMR (150 MHz,CDC)) 5 28.9
(2C), 31.4 (3C), 31.5, 52.3, 57.6, 116.3, 118.17.33146.5,
152.5, 181.9; IR (ATR) 3360, 3332, 3208, 2954, 158667,
1533, 1503, 1472, 1454, 1402, 1387, 1365, 13236,12825, References and notes
1156, 1127, 1101, 1065, 1034, 1005, 979, 791, 738, 668,

= . 1. Bergamini, G.; Bell, K.; Shimamura, S.; Werner, Cansfield,
596, 553, 441, 412, 491 Ch HRMS (ESI)' [M+H] caled for A.; Mlller, K.; Perrin, J.; Rau, C.; Ellard, K.; igf C.; Doce, C.;
C1H24CIN,S, 315.1410; found, 315.1405. Leggate, D.; Mangano, R.; Mathieson, T.; O'MahahyPlavec,
. I.; Rharbaoui, F.; Reinhard, F.; Savitski, M. MarRsden, N.;
4.8.3. 8'Ch| oro-N-(2,4,4-.tr!methyI pentan-Z-yI)- Hirsch, E.; Drewes, G.; Rausch, O.; Bantscheff, Meubauer, G.
[1,2,4]triazolo[4,3-a] pyridin-3-amine (10) Nat. Chem. Biol. 2012.8, 576-582.
To a stirred solution 09 (3.80 g, 12.1 mmol) in THF (114 2. Dugan, B. J.; Gingrich, D. E.; Mesaros, E. F.; Mitkicz, K. L.;
mL) were added triethylamine (4.01 g, 29.0 mmol) arzhloro- (A?U”yly M-{?-iSZUX:'bA- '—-’?\AngrZN’cl‘nSk', F;.;I_Sezi_lﬁog.;;an, M.;
_ i i H H H ngeles, |. S.; om, M. S5.; Mason, J. L.; Aimonep.;
1 meth_ylpyrldlnlum iodide (4.01 g, 15.7 mmol), athek mixture Meyer, . L.: Huang, Z.: Wells-Knecht, K. J.- Atdd, A.
was stirred at room temperature for 5 h. To the unéxtwere Ruggeri, B. A.; Dorsey, B. DL Med. Chem. 2012,55, 5243~
added EtOAc (228 mL) and.B (38 mL), and the layers were 5254,
separated. The organic layer was washed with 5% agueou 3. Cleghorn, L. A. T.; Woodland, A.; Collie, I. T.; Tite, L. S.;
NaHCQ;, (2 x 38 mL) and kD (2 x 38 mL). To the organic layer Norcross, N.; Luksch, T.; Mpamhanga, C.; Walker(R.
was added activated carbon (380 mg), and the mixtae Mottram, J. C.; Brenk, R.; Frearson, J. A.; GilbérH.; Wyatt, P.
. . . . G. ChemMedChem 2011,6, 2214-2224.
stirred at room temperature for 30 min. The mixtwees filtered 4. East, S.P.: White, C. B.c Barker, O. Barker B2nnett, J.:
and the filtrate was concentratéd vacuo. The residue was Brown, D.; Boyd, E. A.; Brennan, C.; Chowdhury, Callins, I.;
purified by column chromatography twice (EtOAc/hexdn#0 Convers-Reignier, E.; Dymock, B. W.; Fletcher, Raydon, D.
to 1:1, then EtOAc/hexane 1:3) to give the crude pcbadThe ;-; (;ardiger, Mi; HaéChgf, S, ng_?_m P.;_(I‘_ancééﬁ,Mré)rtgnson,
H . ., Papadopoulos, K.; omee, C.; omaildes-breairs,;Hye,
crude pquUCt was sus_pended n FtONméxang (1'5.’ 114 mL), H.; Workman, J.; Czaplewski, L. Bioorg. Med. Chem. Lett.
and the mixture was stirred at 50 °C for 30 min. Tigture was 2009 19 894--899.
cooled to room temperature and stirred for 1 h, tued filtered 5. |:|0hr', Af; Gobbi, L.: Groebke, Z. K.: Koerner, MReters, J-U.
to give10 (1.72 g, 51%) as a pale brown solid. mp 182-183 °C; PCT Int. Appl. WO 2012076430, 2012
'H NMR (600 MHz, DMSO¢g) 5 0.92 (s, 9H), 1.51 (s, 6H), 1.93 6. Ellard, K.; Ramsden, N. PCT Int. Appl. WO 201200092012
(S, 2H), 6.22 (S, 1H), 6.73 (1’: 7.0 Hz, lH), 7.29 (dJ = 6.8 Hz, 7. Middlemiss, D.; Leriche, C. PCT Int. Appl. WO 2051159,
1H), 8.26 (dJ=7.2 Hz, 1H);13C NMR (150 MHz, DMSOe) 8. lz:gﬁecent examples, see: (a) Oehlrich, D.; Ron®dutd. R;
29.4 (3C), 31.1 (2C), 31.4, 49.9, 55.3, 110.9, 02021.8, 124.3, Berthelot, D.; Bischoff, F. P.; De Cleyn, M. A. Jaroskova, L.;
142.9, 148.3; IR (ATR) 3360, 3332, 3209, 2953, 1588667, Macdonald, G.; Mercken, M.; Surkyn, M.; Trabanco A%
1533, 1503, 1471, 1454, 1402, 1387, 1365, 13236,12825, Tresadern, G.; Van Brandt, S.; Velter, A. I.; Wu, Gijsen, H. J.
1156, 1127, 1101, 1065, 1033, 1005, 979, 791, 738, 667, géggiofg-.“ﬁfg-Svh?'g;ggtzg%3é§%47§%§gw :(;b;(';”ﬁa“f{g;
593, 553, 442, 413 Crh HRMS (ESI): [M+H] caled for C.; Chén, .] Z.’; Eiéenbrot, ’C.;’Ghilaréji, N GihlsoP’.; He, Hj;
Ci14H2CIN,, 281.1533; found, 281.1530. Hurley, C. A.; Kenny, J. R.;Khojasteh, S. C.; Le; kee, L.;
. Lyssikatos, J. P.; Magnuson, S.; Pulk, R.; Tsuj,Uktsch, M.;
4.8.4. Synthesis of 7c from 10 Xiao, Y.; Zhu, B-Y.; Sampath, Bicorg. Med. Chem. Lett. 2013,
To a stirred solution af0 (500 mg, 1.78 mmol) in MeOH (2.5 23,5014-5021. (c) Oguro, Y.; Cary, D. R.; Miyamoto; N
mL) was added 6M HCI (2.5 mL), and the mixture wasext at Iﬂaé\gagﬁ, M';z(l)vi/gtgii-:i;?lerngori' A.; Imamur§, Bioorg.
50 °C for 5 h. At this point, MeOH (2.5 mL) and 6M HE@.5 - Lhem, 209,24, 8 SR
mL) were added, and the mixture was stirred at 5ot h. 9. gge\ée'i%g’fl"lf%rgﬁég "(bs)t?\lne??k”;’vgﬁg&r’. '\;ﬁ:\lﬂrﬁgﬁfg.
Then additional MeOH (2.5 mL) and 6M HCI (2.5 mL) were Schmitt, SSnthesis 2003,1649-1652. T
added, and the mixture was stirred at 50 °C for H..5The 10. lIshimoto, K.; Fukuda, N.; Nagata, T.; Sawai, Y ertkoto, T.Org.
mixture was concentrateieh vacuo. To the residue were added Process Res. Dev. 2014,18, 122-134. _
EtOAc (100 mL) and 5% aqueous NaHC(0 mL), and the 11. %‘égd% \Z/-Sgi;g{‘es' R.E.; Gal, G.; Sletzinger).NDrg. Chem.
layers were separated. The aqueous pha;e was exktraitte 12. (a) A'IIer’1, D. A: McGee, D. P. C.; Spencer, J. FOUL/44172
E'FOAc (2 x 100 mL). The combined organic layer was wdsh AL, 2001 (b) Spencer, J. R.; McGee, D.; Allen, iafz, B. A.;
with 5% aqueous NaHC@2 x 20 mL) and 10% aqueous NaCl Luong, C.; Sendzik, M.; Squires, N.; Mackman, RBIaorg.
(20 mL) and concentrateish vacuo. The resulting residue was Med. Chem. Lett. 2002,12, 2023-2026.

suspended in EtOAg/hexane (1:1, 10 mL), and the mixture was 13. Therg is only one report that d_escribgs phlorimadb_gauqidine§
stirred at 50 °C for 30 min. The mixture was cootedroom ?gir'%.g;{ﬁlejf’ggg?}.gzrggg‘zg'nf‘iSC_'z’l;(S'r.‘g'Zh”’m”'Mm’ S
temperature and stirred for 1 h, and then filtaeedive 7¢ (97.0 14, During the measurement of HMBC in DMS@{approximately
mg, 32%) as a white solid. 30 min), degradation dfa (about 10%) was observed. Due to the

low solubility of 6a, other deuterated solvents (CRQWethanol-
Acknowledgements ds) could not be used.
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1-(5-chloropyridin-2-yl)guanidine (5d)
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1-(5-(trifluoromethyl)pyridin-2-yl)guanidine 0.9 1-methylpyrrolidin-2-one solvate (5f)
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1-(4-(trifluoromethylpyridin-2-yl)guanidine (5g)
'H NMR spectrum
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1-(6-fluoropyridin-2-yl)guanidine (5h)

1H NMR spectrum

5h proton.esp

MO06(br. s.)
MO7(dt) o
B MO5(dd)
0 =
~ 0
ﬁ ,‘\ MOéﬁ(dd)
) @ o~ X
©F N
E 1
©
\
™
o] I's}
o=
N %

11 10

13C NMR spectrum

5h carbon.esp

0.13
0.12
0.11
0.10
0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02

0.01

200 180

162.64

MO02(d)
o
n
o

—
MO3(br. s.) 2

2.50

F
TSN NH
Z N7 NH,
H
MO1(s)
8
o

<
™
™
/e
o l\/ ©
Q T NS
i o™
I 20w
9 8 7 6 3 Chemical Shift (ppm)
0 0 N O
OMAN OO
coococoo
STTITO
Ll J T
<
poc ©
[ee)
n N
T 2 5 g
- S w ©
3 6 o Q
ag
-
[
&
5 g
S -
= |
~
160 140 120 60 Chemical Shift (ppm)



1-(3-chloro-5-(trifluoromethyl)pyridin-2-yl)guanidine (51)

1H NMR spectrum

MO6(dd*)  MO4(br. s.) F.C
" = s | SN NH
oS0 Py
! N~ “NH;,
23 a M
™~
|5
2
P MO3(s) MO02(dt)
&8 s
9
MO1(s)
8 3
o [=)
]
NS
o I~ ~
S o ®
— N
T 7 &
11 10 8 7 6 3 2 Chemical Shift (ppm)
13C NMR spectrum
5i carbon.esp IEICTER
Sooo o
n StTMmHMmomm
— e
2 o
< ~
0.13 N
—
0.12
0.11
0.10 5
4 &
0.09 3 dw
| g®
N
0.08 9
o | 5
0
0.07 bl
—
0.06
2
0.05 8o
RS —“o|
A - O —
0.04 7 |va
o~ NN
il
0.03 gl wlg
~ Nes B
0.02 N g a T
0.01
0kt 20 b, oo e o s o o, o e
200 180 160 140 120 100 80 60 40 Chemical Shift (ppm)

S10



1-(quinolin-2-yl)guanidine (5j)
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1-(benzoldJoxazol-2-yl)guanidine (5m)
'H NMR spectrum

5m proton.esp

11

10

13C NMR spectrum

0.40

0.35

0.30

0.25

0.20

0.15

0.10

0.05

5m carbon.esp

200

180

160

HN
MO2(s) N —NH,
9 @[ )—NH
o (@]
MO3(dd*)
MO4(m)
MO5(m)
MO6(m)
ned 894 MO1(m)
AN o
~
)
o~
A
b 3%
Q 1N Q
godd
8 7 3 2 Chemical Shift (ppm)
oMM~ OMm
QNS N
[N Ne)Ne)Ne)]
mmmoMmm

140 120

100

S13

80

60

40

Chemical Shift (ppm)



2-chloro-1-(5-nitropyridin-2-yl)guanidine (6a)
'H NMR spectrum

6a proton.esp
O.N Cl
2 | DN N Nl.r
MO5(br. s.
M0n7(d) ’(_‘ ) = N)\NHZ
H
e 9 MOél(d)
3 83
MO8(s) T
o MOQ(dd)
@
o o™
T P
B 5
MO2(dt)
—
n
1
o MO1(s)
MO3(s) o S
(3]
5 N ?
o~
JL (VN 4
o [©)] (2] O ~
S 3] ()] © o
- ~—
I T T ]
11 10 9 8 7 6 5 4 3 2 Chemical Shift (ppm)
13C NMR spectrum
6a carbon.esp RRBBY
DDD DD
mmmoMmm
IS
0.304 o
] -
4 —
E N 7
] s R
0.254 S g9
] | a9
] ~
-1 <
] ~
] 3
0.204
] & 3
] o 218
0.154 \ %
i ©
- N~
E ~
— ™
] -
0.104
0.054

200 180 160 140

120

100 80 60 40 Chemical Shift (ppm)

S14



HMBC spectrum

|

3

F2 Chemical Shift (ppm) 8 7 6 5 4 3 2
HMBC spectrum (expansion of aromatic region)
L 1 [l
IS & =
@ =
[
= ®
o =
S
F2 Chemical Shift (ppm) 9.5 9.0 8.5 8.0 7.5

S15

50

100

150

104

112

120

128

136

144

152

160
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8-(trifluoromethyl)[1,2, 4/triazolo[1,5-alpyridin-2-amine (3e)
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8-(trifluoromethyl)[1,2, 4/triazolol4,3-alpyridin-3-amine (7e)
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6-(trifluoromethyl)[1,2 4/triazolo[1,5-alpyridin-2-amine (3f)
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8-chloro-6-(trifluoromethyl)[1,2,4/triazolo[1,5-alpyridin-2-amine (31)
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8-chloro-6-(trifluoromethyl)[1,2,4/triazolo[4,3-alpyridin-3-amine (Ti)
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[1,2,4/triazolo[1,5-alquinolin-2-amine (8j)
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[1,2,4/triazolo/4,53-alquinolin-1-amine (7j)

'H NMR spectrum
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[1,2,4/triazolol5,1-alisoquinolin-2-amine (8k)

'H NMR spectrum
3k proton.esp
MO4(s)
(a2}
o
©
MO8(d)
MO6(td*)
MO7(d)
" MO3(s*)
MO09(d) "
n MO2(m
©  2Mo5(d) ) 2(m)
5o N [} —
w P ‘% ~ o | o
< ~ NN
NS
|- a MO1(s¥)
< < ) "
28 ) S
SN o
. - A - .
k?V N D o [s2]
S ooo & S
— -
R ]
11 10 9 8 7 6 5 4 3 2 Chemical Shift (ppm)
1BC NMR spectrum
3k carbon.esp NERIBY
R R R R
pRdiddy
0.11
0.10
NI
< 3
— o
0.09 0g 8. :".
N
N H
0.08 Nod
o
N
~ —
0.07 ) —1,
Yo}
[te}
—
0.06 ~
o
5
0.05 =
b \ S
p >
0.04 s ]
\
0.03
0.02
0.01
0
i 21 bl Ll (e ik e i LA bt o it | ARk Ml b L e ) ko, B i L i Lot Mt |
200 180 160 140 120 100 80 60 40 Chemical Shift (ppm)

S61



HMBC spectrum

e | I

F 50
100
@ e ® ® C
— “Eescfo B -
o - . 150
= 200
L B e B L
F2 Chemical Shift (ppm) 7 6 5 4 3 2 1 0
HMBC spectrum (expansion of aromatic region)
M M M, M
E 104
= = ) 2112
. £ 120
— =] g
=128
< =
- 136
= 144
— D = © E
£ 152
£ 160
= 168
S : : :
F2 Chemical Shift (ppm) 8.0 7.5

562



NOESY spectrum

_ o
-,
=
6
7
@ « E
Q@ [ ;
p— ® o
[— 2 e o E
Eo9
L L L L
F2 Chemical Shift (ppm) 7 6 5 4 3 2 1 0
NOESY spectrum (expansion of aromatic region)
M m M M, M
=7.0
_ B
F7.5
j ~8.0
F85

— ‘ ‘
F2 Chemical Shift (ppm) 8.0 7.5

563



[1,2,4/triazolol3,4-alisoquinolin-3-amine (7k)
'H NMR spectrum
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Ethyl [(5-Nitropyridin-2-ylcarbamothioyl/carbamate

1H NMR spectrum
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Ethyl [(3-Chloropyridin-2-yl)carbamothioylfcarbamate (2c)

1H NMR spectrum
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3-Chloro-2-hydrazinylpyridine (8)
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2-(3-Chloropyridin-2-yl)-N-(2,4,4-trimethylpentan-2-yl)hydrazinecarbothioamide (9)

'H NMR spectrum
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8-Chloro-N-(2,4,4-trimethylpentan-2-yl)-[1,2,4/triazolo[4,5-a/pyridin-3-amine (10)
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