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ARTICLE INFO ABSTRACT

Article history Phenylazocarboxylitert-butyl esters have recently been shown to be higéigatile building
Received blocks due to their ability to undergo nucleophdiomatic substitutions under mild conditions,
Received in revised form particularly well with {8F]fluoride, and to act as precursors for aryl raficIn this article, we
Accepted now report first examples for cycloaddition reantido phenylazocarboxylates. In a one-pot
Available online reaction with readily accessible glycine iminesasdety of highly substituted 1,2,4-triazoles

could be obtained with an unexpected preferencerferregioisomer.
Keywords

Azocarboxylic esters
1,2,4-Triazoles
Glycine imines
Cycloaddition

Azo compounds

2009 Elsevier Ltd. All rights reserved

1. Introduction Corresponding author. Tel.: +49 9131 85 24115; f&@ 9131 85 22585; e-
mail address: markus.heinrich@fau.de (M.R. Heiprich

1,2,4-Triazoles represent a common structural nio&f broad R10, C,N\\N,COQR1 RO

variety of commercial productsincluding pharmaceuticals and 2 Q/N

agrochemicals such as rilmazafonand flupoxani. Which s KaC0s fowene) h_ D COR?

synthetic strategy is chosen for the preparatiora gfarticular pe Wengetal™  R'0LC" 4N\COQR1

triazole — from the numerous options and variaetagpavailable N N COR? RO

today - mainly depends on the required substitupaitern’  tswork N\ N

Syntheses of 3,4,5-trisubstituted 1,2,4-triaz8lder example, . I~ )—core

most often proceed via acylated amidrazones, whiohlly ©/ N

undergo condensation reactioensAIternativer, the 3,4,5- R 1 R 5

substitution pattern can be established by reastadii,3,4-oxa-

diazoles with amines, in which the oxygen atom ire th Scheme 1Cycloaddition reactions of glycine imin8go

heterocyclic system is exchanged for a substitutétbgen  azodicarboxylate8” and phenylazocarboxylatés
atom. Regarding the second major subgroup of 1,3,5-

trisubstituted  1,2,4-triazolés, condensation reactions are
applicable as wefl but cycloaddition strategies now play a more appear to be limited to activates-benzoylphenyldiazends,

. 0
important role. diazirines'® azobenzenésand most importantly, to the group of
Our interest in cycloaddition reactions was due toemé  dialkyl azodicarboxylate®. Azodiesters? have thereby success-
studies on phenylazocarboxylic estéréScheme 1), which were fylly been allowed to react with such diverse reagess a-
shown to be versatile bifunctional reagents as #meyable to isocyano-ester®, azidoacrylateg or glycine imine® to give
undergo mild nucleophilic aromatic substitutionsdaa large 1,2 4-triazoline$! A generalized example illustrating the base-
variety of reactions proceeding via aryl radicaf€.Up to date, mediated preparation of triazolindsfrom glycine imines3 and
however, only single nucleophilic attatk®n the N-N double azodiesterg is depicted in Scheme®d Whereas the fact that no
bond of phenylazo-carboxylatésor related phenylazosulfortés  regioisomeric products can be formed from glyciaadeand
have been reported with organobismut compouifds, azodiesters is certainly advantageous, reaction conditions for
organolithium and Grignard reagetits**“as well as arylboronic  the further conversion of the highly functionalizethzolines4
acids** and enamine§? into triazoles have yet to be developed.

Cycloadditions to azo compounds, on the other haodfar



Against this background, it was an interesting qoastvhether

2
9 CHCN 1% step at rt, then Latmosphere 48:17

the reactivity of phenylazocarboxylates would at all be
sufficient to allow cycloadditions. In this articlere now report
first examples for [3+2]-cycloadditions of glycirimines 3 to
phenyl-azocarboxylated leading to triazoles5, as well as
insights into the effects governing the regiosékygt of these
reactions.

2. Results and discussion

The first experiments on the feasibility of cycld#ibn
reactions were carried out with 4-fluorophenylazooaytate 1a
and N-4-chlorobenzylidene glycinatga (Table 1) or methyl 2-
isocyano-3-phenylpropanodte,as the latter starting materials
had successfully been applied as dipoles in reastimith azo-
diesters®*°

These early attempts readily confirmed DBU as preterr
additive compared to potassium carboffateith regard to
conversion of the starting materials, but complextunes of
products were yet obtained froba and3a, which could not be
well analyzed or separated due to the low stabilitytte
compounds they contained. As several analyses s&thomduct

3 The second and third step of the procedure werdumed at rt"Yields
determined byH-NMR using 1,3,5-trimethoxybenzene as internahcsad.
‘Reaction carried out in the absence of MnO

An improvement in yield could however be observedthsy
addition of a larger amount of DBU and molecular s&4A) to
reduce moisture (entry 5). Experiments in the fgsar solvents
toluené® and methyltert-butyl ether (MTBE) gave far lower
yields and a reversed regioselectivity, which poitstghe fact
that the stabilization of charged intermediates hhiglay a
critical role in the mechanism (entries 6 and 7)teAipts to
influence the regioselectivity by accelerating thedation step
by an oxygen-atmosphere produdedand6a in a slightly better
ratio of 3:1, but with a remarkably decreased overald. In
further experiments, Lewis acids such as 7JiGt BF; were
added to tune the reactivity of the deprotonatgdigé imine3a
towards an azomethine ylide bearing a positively rgbg
nitrogen atonf> All these reactions however gave far lower
yields as well as they did not lead to improvemeirns
regioselectivity. Azomethine ylides were not yet istigated as
alternative starting materials f8g, since they could only lead to
triazolium salts as final products. With the besinditions
available (Table 1, entry 5), we explored the scape the

mixtures by'H-NMR had suggested the presence of at least oniimitations of the access to triazoles.

triazoline”® we reasoned that an oxidant such as manganesgple 2. Scope and

dioxide might be helpful to convert this intermediao a more
stable triazole. Furthermore, trifluoroacetic aewds added to
facilitate the cleavage of thtert-butyloxycarbonyl (Boc) group
on the heterocyclic core and thus to allow finahaatization*

limitations of the cycloaddition to
phenylazocarboxylic estels

&

R3
=\7 /
AN
)—COR?
N~y
|

Results from the improved one-pot procedure leathrngiazoles R
b5a and 6a, as well as subsequently performed variations, are @V 1 DBU (1.0 equiv)
summarized in Table 1. The first attempt, in whithsab-steps NN CORE s s gqui\,) Rw/\O/
were carried out in acetonitrile at room temperatugave 3a-k 3. CF3COOH 53;5
triazoles5a and6a in a ratio of 2.5:1 and in a combl_ned_yl_eld of «Ne,CO,Bu (CHACN) ROC, . ro
80% (entry 1). As the initial attack of deprotonagdytine imine g N =) S ;
3a onto 1a appeared to determine the regioselectivity of the ~~ tah ~ NN
reaction, we varied the temperature at that pasicstage. (2 equiv) R gae
Unexpectedly, these changes had almost no effettieopverall —— -
. . L . entry azocarboxylate glycine imine triazole$
yield and regioselectivity (entries 2-4). . )
1 R'= 3R= R= 5:6 (%:%)
Table 1.Optimization of reaction conditions. 1 la 4-F 3aMe  4-Cl 5a:6a(58:36)
N 2 la 4-F 3b: Et 4-Cl 5h:6b (41:30)
1.DBU (1.0 equiv) 3 la 4-F 3c tBu 4-Cl 5c.6c (48:16§
45 min, argon
N 2. Mn0O; (2.5 equiv) /N% 4 la 4-F 3d: Me H 5d:6d (42:12§
i COM
\@ 5o e No o 5 la 4-F 3eEt  24Ch 5e6e(12:20)
~N._COMe 73~
s (20 equiv) /@ 5a 6 la 4-F 3f: Me 4-Br 5f:6f (68:25)
; — e ¥ 7 la 4-F 3g M 3,4 5¢:69 (41:18)
for variations a 4- g Me i g.6g (4L
/©/ Ni-CO21Bu see Table MeO2CYN: <:> o (OMe),
Vi
F 1a QN‘N 1b: 4-Br 3h:Me  4-F 5h:6h (51:29)
(2 equiv) -
. 6a 1b: 4-Br 3c tBu 4-Cl 5i:6i (62:27)
entry  solvent variatioris yield 10 1b: 4-Br 3i: Me 3-Br 5j:6j (52:23)
EE:’??’?) 11 1b: 4-Br 3i:Me  Ph 5k:6k (41:25)
0.70
- 12 1c 4-1 3k: Me 4-CN 51:61 (61:37)
1 CH,CN P'step atrt 57:23
) 13 1c 4-1 3f: Me 4-Br 5m:6m (58:22)
2 CHCN ¥ step at 40°C 51:23 .
) 14 1c 4-1 3i: Me 3-Br 5n:6n (58:26)
3 CHCN 'step at 0°C 56:30
- 15 1d: 4-F, 2-  3a Me 4-Cl 50:60 (22:33)
4 CHCN 1% step at -20°C 54:28 Me
5 CHCN  1%stepat-20°C,MS,  DBU (1 58:36 16 1e24Ch 3aMe  4-Cl 5p7° (40:32)
eq.
? ) 17 1f: 3a Me 4-Cl 50:6q (55:19}
6 Toluene  Istepatrt 9:16
4-(4-FPhO)
7 MTBE P'step at rt 1:4
18 1g 4-NO; 3aMe  4-Cl 5r:8° (32:17§
CH,CN 1* step at 0°C, then O 47:16 ) ] ]
atmosphere 19  1h:4-NO,3-  3ctBu  4Cl 5565 (47:24)

OMe




“Standard conditions: glycine imirge(1 mmol), azocarboxylate (2 equiv),
DBU (1 equiv), CHCN (5 mL), -15°C, 45 min, then Mn@2.5 equiv), rt, 4
h, then CECOOH, rt, 60 min. Yields after purification by column
chromatographyFirst step at rtFirst step at 0°C*Decarboxylated products
7 and8 obtained instead @p andér (Scheme 3).

In the first series of experiments, 4-fluorophemglearboxylic
esterla reacted with a variety of glycine imin8a-g (entries 1-
7). Methyl ester3a hereby gave a better yield than its

3

An attempt to extend the reaction principle to hmtgclic
glycine imines such a40 provided the thiophene-substituted
triazolesll and12in a ratio comparable to those observed before
(Scheme 3). Submission of the aliphatic glycineniri3 to the
same reaction conditions however furnished triaedli4f’ along
with triazole15 as single regioisomers hereby indicating that the
replacement of the aromatic unit by an aliphatideschain

corresponding ethyl dert-butyl esters (entries 1-3), and the only Significantly complicates aromatization and cleavag thetert-

low yield, which was combined with a reversed regiad@liy,
resulted from the 2,4-dichlorophenyl-substitutegtgie imine3e
(entry 5). Triazole5d (entry 4) was further helpful to unam-
biguously assign the regioisomé&rand6 through its comparison
with literature datd’

In the next series, 4-bromo- and 4-iodophenylazmmaylates
1b,c could be shown to be well suited precursors fordles5h-
n (entries 8-14), with the biphenyl-4-carboxaldehydeived
glycine imine 3j leading to the only yield lower than 50%.
Within the structural variations on the phenylazboaylate
(entries 15-19), it was interesting to see thatheeithe weakly
donating phenoxy substituent (entry 17) nor theorsgly
electron-withdrawing nitro group (entry 18) had besrle to
significantly change the ratio of regioisomers tigb directing
the attack of anioB* to the phenylazocarboxylate(pathwaysA
andB, Scheme 2). Only steric hindrance, wdtttho-substituents
being placed on either the aryl grouplofentry 5) or3 (entries
15, 16) showed an impact, as it complicates the dtion of
triazole 5 (Scheme 2, left) while the formation of triazote
remains more or less unaffected (Scheme 2, right).

A nearly quantitative combined yield 8fand6 could only be
reached with the acceptor-substituted glycine inke(entry
12). Whereas the glycine imine aniddiscan reliably, although
not regioselectively, be trapped even with unactidat
phenylazocarboxylates such &s only an electrophilic imine, as
it is present in3k, allows both pathway#® andB to proceed
efficiently.

In the second part of the sequence the intermediz®ed-
triazolidines5* and 6* are oxidized along with cleavage of the
tert-butyloxycarbonyl group to give the final produbtand6.

Scheme 2Pathways leading to regioisomeric triazdbeand6.
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In two reactions (entries 16 and 18), ester hydislysnd
decarboxylation were found to occur spontaneousliytfe minor
regioisomer6, so that triazole§ and8 were isolated instead of

6p and 6r (Scheme 3). This effect could be attributed to

particular steric or electronic effeéfsThe same conversion can
otherwise be cleanly achieved in concentrated hydooic acid,
as exemplified by the formation of 1,3-disubstituteiazole 9
from 1,3,5-trisubstituted triazoka.

butyloxycarbonyl (Boc) groufs®

Scheme 3.Decarboxylation and extension to heterocyclic and
aliphatic glycine imines.
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Finally, we ran a number of experiments to get ®rrihsights
into the reaction course (Scheme 4). In experiniEnt second
azocarboxylatedh was added to the reaction mixture containing
glycine imine3c, azocarboxylatdb, and DBU, which had been
added first. As only triazoles derived frobb were found as
products, the overall reaction is not able to reidy form the
anion of glycine imineSc after DBU has been added. To further
verify this hypothesis we have conducted the sanperarent
(2) with a modified order of addition dfh and1b, and again,
only the triazoles5s and 6s derived from the initially added
azocarboxylatelh were obtained. The assumed irreversibility
was also supported by experiment (3), in which thenemore
reactive electrophile diethyl azodicarboxylate (DEAMas
added to the reaction mixture containidly, 1b and DBU, but
the desired products were still obtained.

In experiment (4), in which DBU was added to a mixture
containing the two azocarboxylatdéh and DEAD as well as
glycine imine3h, no formation of triazole§h and6h could be
observed any more. This indicates that the additiothe anion
of glycine imine3h to DEAD proceeds significantly faster than
to phenyl-azocarboxylic estéb.



Cl 1. DBU (1 equiv)
\©\/ 2. 1h (2 equiv)
N COBu 5 MnO, (4 equiv)
3¢ 4. CF;COOH /%coztsu
Ns-COBu (CH:CN) Q/
/©/ 5i (49%) (62%)*
Br 1b + 6i (13%) (27%)*
55 (-—%)
6s (---%)
cl 1. DBU (1 equiv)
\<)V 2.1b (2 equiv)
N_-COBU 3 Mo, (4 equiv)
| 32 4. CF3COOH %cozﬂau o
0 Ny COatBu  (CHsCN) \/©/
:©/ 5s (56%) (47%)*
O.N 1h + 65 (22%) (24%)*
5i (---%)
6i (-—-%)
F. 1. DBU (1 equiv)
\<jV 2. DEAD (2 equiv)
N._COMe 3 Mno, (4 equiv)
3h 4. CF3COOH
+ T . />*COzMe 3
Ny -CO2tBu (CH3CN)
/©/ 5h (50%) (51%)*
Br 1b + 6h (15%) (29%)*
*Yields from Table 2
E 1. DEAD (2 equiv)
@ 2.DBU (1 equiv)
2N_COMe 3 Mno, (4 equiv)
3h 4. CF3COOH
+ - = complex mixture (4)
/©/N:N/C02t8u (CH3CN)
Br 1b

Scheme 4Competition experiments

3. Conclusions

4
The following abbreviations are used for the desicnip of
signals: s (singlet), d (doublet), t (triplet), quartet), m
(multiplet), mc (centered multiplet) and bs (braadglet). Mass
spectra were recorded using electron impact (Elelectron
spray ionization (ESI). A sector field mass anatyaeTOF were
used for HRMS measurements.

Analytical TLC was carried out ollerck silica gel plates using
short wave (254 nm) UV light, KMnO[3.0 g KMnQ, 20g
potassium carbonate, 5.0 mL aqueous sodium hydrokido
w/w) in 300 mL HO] and ninhydrin [200 mg ninhydrin in
100 mL ethanol] to visualize components. For flagiiumn
chromatography silica gel (Kieselgel 60, grain sife- 63um,
MercK) was used.

General procedure for the synthesis of imine e¢@Fs1)

A suspension of the glycine ester hydrochloride @%tGnol),
aldehyde (4.00 mmol) and sodium sulfate (5.00 mnildry
dichloromethane (10 mL) is stirred at 0 °C. Trid#myine
(5.00 mmol) is added dropwise. The reaction is altbéteewarm
to ambient temperature and stirred for 15 hoursthpieether
(10 mL) is added and the solution is filtered. Thil&ate is
washed with water (3 x 30 mL), a saturated aqueousgiolof
sodium chloride (3 x 20 mL) and dried over sodiuwtisge. The
solvent is removed under reduced pressure and ribdugt is
dried in vacuum. The product is used without furiherification.

General procedure for the synthesis of isomericlitykazoles
(GP 2)

A mixture of the imine (1.00 mmol, from GP 1), tecty
phenylazocarboxylate (2.00 mmol) and molecular esi¢4 A,
1.00 g) in dry acetonitrile (10 mL) under nitrogsncooled to -
15 C and treated with 1,8-diazabicyclo[5.4.0lundesne
(1.00 mmol) and stirred for 45 minutes. Manganesexide

In summary, this study presents first examples for; 50 mmol) is added, the cooling is removed ardréaction is

[3+2]cycloadditions to phenylazocarboxylates. Simtleknown
nucleophilic attacks on phenylazocarboxylic estes far
occurred at the nitrogen atom locatedpiposition to the ester,
hereby following the orientation of the underlyinigzh-Michael
systent.>*® it was surprising to find that the major isomers ob
tained in our experiments resulted from an attacthe nucleo-
philic glycine imine onto thea-nitrogen atom. Whereas
electronic modifications on the glycine imine or eth
azocarboxylate had no or small impacts on the sefgativity,
only increased steric demand was able to reverdauitat the
cost of lower yields. Studies on the reaction couesealed that
the initial addition of the deprotonated glycineinm to the
azocarboxylate is irreversible for both regioisosddifferences
between both pathways were, on the other hand, olasartae
subsequently occuring cyclization step, which turoetito be in
one case sensitive to the presence of additiormktampounds.
Further experiments are now directed towards shog@etions
times which would allow the extension of the methodgldo
radiosyntheses with readily availabtert-butyl 4-[**F]fluoro-
phenylazocarboxylat®.

4. Experimental section
4.1 General information

Solvents and reagents were used as receft¢dMR spectra
were recorded on 360 and 600 MHz spectrometers @&iigl;
as solvent referenced to TMS (0.00 ppm) or GDCI

stired for four hours at ambient air. Trifluoro&ce acid

(20.0 mmol) is added and the reaction is stirred dioe hour.
After addition of a saturated aqueous solution ofagsium
carbonate (40 mL), the mixture is filtered and tleetracted with
dichloromethane (4 x 30 mL). The combined orgatiaeges are
washed with a saturated aqueous solution of sodiuloriga

(20 mL) and dried over sodium sulfate. The sohisntemoved
under reduced pressure and the residue is subjéeztedlumn

chromatography.

4.1.1 (4-Chlorobenzylidene-amino)-acetic acid methsier
(3a)** is prepared from glycine methyl ester hydrochlerid
(8.89 mmol, 1.12g) and 4-chlorobenzaldehyde (viiol,
1.00 g) according to general procedure GP 1. Theeditmpound
3a is identified as a white solid (6.24 mmol, 1.32&j%):
R = 0.5 (hexane / ethyl acetate = 9:1) (U¥H;NMR (600 MHz,
CDCl) 8 3.79 (s, 3 H), 4.42 (mc, 2 H), 7.41 (= 8.5 Hz, 2 H),
7.73 (d,J= 8.5 Hz, 2 H), 8.27 (mc, 1 H).

4.1.2  (4-Chlorobenzylidene-amino)-acetic acid ettedter
(3bY*®™ is prepared from glycine ethyl ester hydrochloride
(8.89 mmol, 1.35g) and 4-chlorobenzaldehyde (viiol,

1.00 g) according to general procedure GP 1. Tkeditmpound
3b is identified as a white solid (6.04 mmol, 1.388}{%):
R: = 0.5 (hexane / ethyl acetate = 9:1) (U¥;NMR (600 MHz,
CDCly) 6 1.30 (t,J=7.1 Hz, 3H), 4.42 (q1= 7.1 Hz, 2 H), 4.39
(mc, 2 H), 7.39 (dJ=8.4Hz, 2H), 7.72 (dJ=8.4 Hz, 2 H),

(7.26 ppm)-*C NMR spectra were recorded at 91 or 151 MHz in8.26 (mc, 1 H).

CDCl; (77.0 ppm) as standard. Chemical shifts are regarte
parts per million (ppm). Coupling constants areHertz J Hz).



4.1.3  (4-Chlorobenzylidene-amino)-acetic acid  terty
ester (3 is prepared from glycinetert-butyl ester
hydrochloride (2.98 mmol, 500 mg) and 4-chlorobdaedayde
(2.38 mmol, 335 mg) according to general procedGif 1.
Compound3c is identified as a pale yellow solid (2.36 mmol,
637 mg, 99%)R: = 0.8 (hexane / ethyl acetate = 3:1) (U
NMR (600 MHz, CDC}) 8 1.49 (s, 9 H), 4.30 (mc, 2 H), 7.39 (d,
J=8.4Hz, 2 H), 7.71 (d) = 8.4 Hz, 2 H), 8.22 (mc, 1 H}’C
NMR (91 MHz, CDC}) § 28.1 (3 x CH), 62.5 (CH), 81.5 (Q),
128.8 (2 x CH), 129.6 (2 x CH), 134.2§C137.1 (G), 163.7
(CH), 169.2 ().

4.1.4  (Benzylidene-amino)-acetic acid methyl estd)f*3 is
prepared from glycine methyl ester hydrochlorided&mmol,
500 mg) and benzaldehyde (3.31 mmol, 335 pL) adegrdo
general procedure GP 1. CompoBdiis identified as a colorless
oil (3.63mmol, 644 mg, 91%):R =0.8 (hexane /ethyl
acetate = 3:1) (UV)*H NMR (360 MHz, CDC}) 5 1.49 (s, 9 H),
4.30 (mc, 2 H), 7.39 (d)=8.4 Hz, 2 H), 7.71 (dJ = 8.4 Hz,
2 H), 8.22 (mc, 1 H).

4.15  (2,4-Dichlorobenzylidene-amino)-acetic acidyetster

5
CDCl) 8 3.79 (s, 3 H), 4.41 (mc, 2 H), 7.16Jt= 8.7 Hz, 2 H),
7.79 (dd Jur = 5.5 Hz,J = 8.7 Hz, 2 H), 8.27 (mc, 1 H).

4,19  (3-Bromobenzylidene-amino)-acetic acid methykres
(3i)* is prepared from glycine methyl ester hydrochlerid
(8.11 mmol, 1.02g) and 3-bromobenzaldehyde (6.A4®in
1.20 g) according to general procedure GP 1. Theditmpound
3i is identified as a white solid (6.48 mmol, 1.77X)0%):
R: = 0.5 (hexane / ethyl acetate = 9:1) (U¥;NMR (600 MHz,
CDCl) & 3.79 (s, 3 H), 4.42 (mc, 2 H), 7.30 Jt= 7.8 Hz, 1 H),
7.57 (ddd,J=1.1Hz,J=2.0Hz,J=8.0Hz, 1H), 7.67 (td,
J=1.3Hz,J=7.8Hz, 1 H), 7.98 (t) = 1.8 Hz, 1 H), 8.24 (mc,
1H).

4.1.10 (4-Phenylbenzylidene-amino)-acetic acid metster
(3j) is prepared from glycine methyl ester hydrochlerid
(6.86 mmol, 861 mg) and biphenyl-4-carboxaldehyde
(5.49 mmol, 1.00 mg) according to general procedifel. The
titte compound3j is identified as a white solid (4.39 mmol,
1.35g, 80%):R = 0.5 (hexane /ethyl acetate = 9:1) (UVH
NMR (360 MHz, CDC}) § 3.80 (s, 3 H), 4.45 (mc, 2 H), 7.35-
7.51 (m, 3 H), 7.61-7.64 (m, 2 H), 7.66 (= 8.3 Hz, 2 H), 7.86

(3e) is prepared from glycine ethyl ester hydrochloride(d, J=8.3 Hz, 2 H), 8.34 (mc, 1 H}*C NMR (91 MHz, CDCJ)

(5.00 mmol, 698 mg) and 2,4-dichlorobenzaldehydéQ4nmol,

§52.1 (CH), 62.1 (CH), 127.2 (2 x CH), 127.3 (2 x CH), 127.8

700 mg) according to general procedure GP 1. Thie tit (CH), 128.8 (2 x CH), 128.9 (2 x CH), 134.5,XC140.3 (@),

compound3e is identified as a white oil (4.00 mmol, 1.05 g,
quant): R = 0.5 (hexane / ethyl acetate = 9:1) (UV){ NMR
(600 MHz, CDC}) $1.32 (t, J=7.2Hz, 3H), 4.26 (q,
J=7.2Hz, 2H), 445 (mc, 2H), 7.30 (dddl=0.7 Hz,
J=2.0Hz,J=8.5Hz, 1H), 7.41 (dJ=2.0Hz, 1 H), 8.07 (d,
J=8.5Hz, 1H), 8.67 (mc, 1 H}*C NMR (151 MHz, CDG))
814.2 (CH), 61.2 (CH), 62.0 (CH), 127.6 (CH), 131.3 (g,
135.9 (@), 137.6 (@), 160.9 (CH), 169.7 (§; HRMS (ESI)
calcd for G;H1,CLNO, [M*+Na']: 282.0059, found: 282.0056.

4.1.6 (4-Bromobenzylidene-amino)-acetic acid methyeres
(30 is prepared from glycine methyl ester hydrochlerid
(8.11 mmol, 1.02g) and 4-bromobenzaldehyde (6.4®in
1.20 g) according to general procedure GP 1. Tleeditmpound
3f is identified as a white solid (6.00 mmol, 1.59%8%):

R = 0.5 (hexane / ethyl acetate = 9:1) (U¥H;NMR (600 MHz,
CDCl) 8 3.78 (s, 3 H), 4.41 (mc, 2 H), 7.56 (= 8.4 Hz, 2 H),
7.64 (d,J = 8.4 Hz, 2 H), 8.24 (mc, 1 H).

4.1.7  2-(3,4-Dimethoxybenzylidene-amino)-acetic acithyhe
ester (3g)is prepared from glycine methyl ester hydrochlerid
(7.53 mmol, 945mg) and
(6.02 mmol, 1.00g) according to general proced@e 1.
Compound3g is identified as a pale yellow solid (5.21 mmol,
1.36 g, 86%):R = 0.8 (hexane / ethyl acetate = 3:1) (UVM
NMR (360 MHz, CDC}) & 3.77 (s, 3 H), 3.91 (s, 3 H), 3.93 (s,
3 H), 438 (mc, 2H), 6.88 (dJ=8.2Hz, 1H), 7.18 (dd,
J=19Hz,J=8.2Hz, 1H), 7.46 (d] = 1.9 Hz, 1 H), 8.19 (mc,
1 H); ®C NMR (91 MHz, CDCJ)  52.0 (CH), 55.9 (CH), 56.0
(CHy), 61.8 (CH), 108.9 (CH), 110.3 (CH), 123.8 (CH), 128.8
(Cy, 149.3 (Q), 151.8 (Q), 164.9 (CH), 170.7 (§ HRMS
(ESI) calecd for GH;sNO, [M™+Na’]: 260.0893, found:
260.0900.

4.1.8
(3hf** is prepared from glycine methyl ester hydrochlerid
(20.1 mmol, 1.27 g) and 4-fluorobenzaldehyde (8d6ol,
1.00 g) according to general procedure GP 1. Treditmpound
3h is identified as a white solid (7.44 mmol, 1.609£%):
R: = 0.5 (hexane / ethyl acetate = 9:1) (U¥;NMR (600 MHz,

144.0 (G), 165.0 (CH), 170.5 (§; HRMS (ESI) calcd for
C1gH1sNO, [M™+Na']: 276.0995, found: 276.1000.

4,111 (4-Cyanobenzylidene-amino)-acetic acid metster
(3P is prepared from glycine methyl ester hydrochlerid
(9.54 mmol, 1.20g) and 4-cyanobenzaldehyde (7.6®In
1.00 g) according to general procedure GP 1. Theecpsoduct

is purified by recrystallization in diethyl ether &fford the pure
compound3k as a pale yellow solid (5.80 mmol, 1.17 g, 76%):
R = 0.5 (hexane / ethyl acetate = 9:1) (U¥H;NMR (600 MHz,
CDCls) 8 3.80 (s, 3 H), 4.47 (mc, 2 H), 7.73 (s 8.4 Hz, 2 H),
7.90 (d,J= 8.4 Hz, 2 H), 8.34 (mc, 1 H).

4.1.12Z-S(Thiophen-z-ylmethylene)amino)-acetic aaidthyl
ester (10§° is prepared from glycine methyl ester hydrochlerid
(7.80 mmol, 979 mg) and 2-thiophenecarboxaldehyde
(6.24 mmol, 583 pg) according to general procedsirel. The
titte compoundLO is identified as a pale yellow solid (3.56 mmol,
652 mg, 57%):R = 0.5 (hexane / ethyl acetate = 9:1) (UWit
NMR (360 MHz, CDCY) 4 3.77 (s, 3 H), 4.37 (mc, 2 H), 7.08
(dd, J=3.7Hz, J=5.0Hz, 1H), 7.37 (dd,J=1.0Hz,

3,4-dimethoxybenzaldehydel = 3.7 Hz, 1 H), 7.45 (td] = 1.0 Hz,J = 5.0 Hz, 1 H), 8.34 (mc,

1 H).

4.1.13 Tert-butyl 2-(4-fluorophenyl)azocarboxylgta)*'”. A
solution of 4-fluoroaniline (20.0 mmol, 1.92 mL) ghacial acetic
acid (10 mL) is treated with concentrated hydrodhlcacid
(50 mL) and cooled to 0°C. A solution of sodium ritet
(20.0 mmol, 1.38 g) in water (4.0 mL) is added cagyeriod of
20 minutes and the reaction is stirred for one hatuf°® C. A
prechilled solution of tin chloride dihydrate (44v0nol, 9.93 g)
in concentrated hydrochloric acid (10 mL) is addkdp wise
over a period of 45 minutes. After stirring for oheur at 0 °C

(4-Fluorobenzylidene-amino)-acetic acid methyl esterthe precipitate is collected by filtration and dised in a v

solution of potassium hydroxide (200 mL). The cosifo is
extracted with diethyl ether (4 x 50 mL). The condairorganic
phases are washed with a saturated aqueous solfitodiom
chloride and dried over sodium sulfate. The crudmlpct is used
without further purification. The crude product issblved in dry
acetonitrile (20 mL) and treated with @hirt-butyl dicarbonate



(18.0 mmol, 3.93 g) under argon atmosphere. Aftemplete
consumption of the reactants, as monitored by Tth€,solvent
is removed under reduced pressure. The residuebjected to
column chromatography (silica gel, hexane / etlegtate = 4:1)
to givetert-butyl 2-(4-fluorophenyl)hydrazine carboxylate as
orange solid (9.75 mmol, 2.21 g, 49%:= 0.6 (hexane / ethyl
acetate = 3:1) (KMng); '"H NMR (360 MHz, CDC}) & 1.45 (s,
9 H), 6.36 (bs, 1 H), 6.77 (ddiz = 4.5 Hz,J=9.0 Hz, 2 H),
6.94 (dd,J4r = 8.5 Hz,J=9.0 Hz, 2 H). To a stirred solution of
tert-butyl 2-(4-fluorophenyl)hydrazine carboxylate (@®@nmol,
2.26 g) in dry dichloromethane (15 mL), manganegexide
(50.0 mmol, 4.35g) is subsequently added underogen
atmosphere. After complete consumption of the redstaas
monitored by TLC, the mixture is filtered over GeliRemoval
of the solvent under reduced pressure and
chromatography (silica gel, hexane / ethyl acetal8:1) give
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over a period of 45 minutes. After stirring for dmeur at 0 °C
the precipitate is collected by filtration and dis®d in a
saturated agueous solution of potassium carboBateroL). The
composite is extracted with diethyl ether (4 x 50)mThe
combined organic phases are washed with a saturgiszbas
solution of sodium chloride and dried over sodiunifage. The
crude product is used without further purificatiorhe crude
product is dissolved in dry acetonitrile (40 mL)dameated with
di-tert-butyl dicarbonate (18.6 mmol, 4.06 g) under argon
atmosphere. After complete consumption of the redéstaas
monitored by TLC, the solvent is removed under oedu
pressure. The crude product is purified by rectysstion in
hexane / ethyl acetate  to afford tert-butyl 2-(4-
iodophenyl)hydrazine carboxylate as a white sdi®@ mmol,

columB.29 g, 35%):R; = 0.3 (hexane / ethyl acetate = 6:1) (UVM

NMR (360 MHz, CDCJ) & 1.45 (9 H), 6.36 (bs, 1 H), 6.60 (d,

the title compounda as an orange oil (7.86 mmol, 1.76 g, 79%):J = 8.8 Hz, 2 H), 7.49 (d] = 8.8 Hz, 2 H). To a stirred solution

R =0.6 (hexane/ethyl acetate=19:1) (UV)H NMR
(360 MHz, CDC}) $1.66 (s, 9H), 7.19 (ddJ=8.2 Hz,
J=9.0 Hz, 2 H), 7.94 (dd} = 5.0 Hz,J = 9.0 Hz, 2 H).

4.1.14 Tert-butyl 2-(4-bromophenyl)azocarboxylateb)(1A
solution of 4-bromoaniline (28.0 mmol, 4.82 g) ilagal acetic
acid (15mL) is treated with concentrated hydrodhlcacid
(60 mL) and cooled to 0°C. A solution of sodium ritet
(28.0 mmol, 1.93 g) in water (6.5 mL) is added cagreriod of
20 minutes and the reaction is stirred for one hatuf°® C. A
prechilled solution of tin chloride dihydrate (62r0nol, 14.0 g)
in concentrated hydrochloric acid (15 mL) is addidp wise
over a period of 45 minutes. After stirring for oheur at 0 °C
the precipitate is collected by filtration and dised in a
saturated agqueous solution of potassium carboB@teroL). The
composite is extracted with diethyl ether (4 x 50)mThe
combined organic phases are washed with a saturgiszbas
solution of sodium chloride and dried over sodiunifage. The
crude product is used without further purificatiorhe crude
product is dissolved in dry acetonitrile (30 mL)dameated with
di-tert-butyl dicarbonate (27.1 mmol, 5.92 g) under
atmosphere. After complete consumption of the redstaas
monitored by TLC, the solvent is removed under oedu
pressure. The residue is subjected to column chogrephy
(silica gel, hexane / ethyl acetate = 6:1) to dgied-butyl 2-(4-
bromophenyl)hydrazine carboxylate as a white

of tert-butyl 2-(4-iodophenyl)hydrazine carboxylate (9rafhol,
3.29g) in dry dichloromethane (40 mL), manganesexide
(50.0 mmol, 4.35g) is subsequently added underogen
atmosphere. After complete consumption of the redstaas
monitored by TLC, the mixture is filtered over GeliRemoval
of the solvent under reduced pressure and column
chromatography (silica gel, hexane / ethyl acetal@:1) give
the title compoundlc as an orange solid (8.21 mmol, 2.73 g,
83%): R =0.9 (hexane/ethyl acetate =6:1) (UVH NMR
(600 MHz, CDC}) 6 1.66 (s, 9 H), 7.62 (d,= 8.8 Hz, 2 H), 7.88
(d,J=8.8Hz, 2 H).

4.1.16 Tert-butyl 2-(4-fluoro-2-methylphenyl)azoaatpate
(1d). A solution of 4-fluoro-2-methylaniline (32.0 mmol,
3.55mL) in glacial acetic acid (16 mL) is treateslith
concentrated hydrochloric acid (70 mL) and cooleddt’C. A
solution of sodium nitrite (32.0 mmol, 2.21 g) intesa(7 mL) is
added over a period of 20 minutes and the readsiatirred for
one hour at 0° C. A prechilled solution of tin clider dihydrate
(70.4 mmol, 15.9 g) in concentrated hydrochloricd&5 mL) is

argonadded drop wise over a period of 45 minutes. Afterirsg for

one hour at 0 °C the precipitate is collected Byation and
dissolved in a saturated aqueous solution of piotaissarbonate
(200 mL). The composite is extracted with diethylhest
(4 x 50 mL). The combined organic phases are was¥itd a

solidsaturated aqueous solution of sodium chloride areld dover

(16.4 mmol, 4.70 g, 59%R; = 0.6 (hexane / ethyl acetate = 3:1) sodium sulfate. The crude product is used withouthér
(UV); *H NMR (600 MHz, CDC}) 8 1.46 (s, 9 H), 6.35 (bs, 1 H), purification. The crude product is dissolved in dmetonitrile

6.71 (d,J=8.8 Hz, 2 H), 7.32 (d) = 8.8 Hz, 2 H). To a stirred

(40 mL) and treated with dert-butyl dicarbonate (25.6 mmol,

solution of tert-butyl 2-(4-bromophenyl)hydrazine carboxylate 5.58 g) under argon atmosphere. After complete copton of

(16.5 mmol, 4.70 g) in dry dichloromethane (30 mingnganese
dioxide (82.5mmol, 7.17g) is subsequently addendeu
nitrogen atmosphere. After complete consumption bé t
reactants, as monitored by TLC, the mixture iseféd over
Celite. Removal of the solvent under reduced pressand
column chromatography (silica gel, hexane / etlcgtate = 20:1)
give the title compoundlb as an orange solid (14.7 mmol,
4.18 g, 89%):R = 0.7 (hexane / ethyl acetate = 15:1) (Ut
NMR (600 MHz, CDC}) 6 1.65 (s, 9 H), 7.65 (dJ=8.9 Hz,
2 H), 7.77 (dJ =8.9 Hz, 2 H).

4.1.15 Tert-butyl 2-(4-iodophenyl)azocarboxylate){f”. A
solution of 4-iodoaniline (28.0 mmol, 6.13 g) inagilal acetic
acid (15mL) is treated with concentrated hydrodhlcacid
(65 mL) and cooled to 0°C. A solution of sodium ritet
(28.0 mmol, 1.93 g) in water (6.5 mL) is added cagreriod of
20 minutes and the reaction is stirred for one hatuf°® C. A
prechilled solution of tin chloride dihydrate (62v0nol, 14.0 g)
in concentrated hydrochloric acid (15 mL) is addkdp wise

the reactants, as monitored by TLC, the solverg¢nsoved under
reduced pressure. The residue is subjected to @©olum
chromatography (silica gel, hexane / ethyl acetal®:1) to give
tert-butyl 2-(4-fluoro-2-methylphenyl)hydrazine carbdetg as a
pale vyellow solid (18.0 mmol, 4.33g, 65%)R=0.5
(hexane / ethyl acetate = 3:1) (UV4 NMR (360 MHz, CDC}))

8 1.45 (9 H), 2.19 (3 H), 6.32 (bs, 1 H), 6.74-6.83 &1). To a
stirred solution of tert-butyl 2-(4-fluoro-2-
methylphenyl)hydrazine carboxylate (18.0 mmol, 4933n dry
dichloromethane (40 mL), manganese dioxide (90.®hm
7.82 g) is subsequently added under nitrogen athewep After
complete consumption of the reactants, as monitoyetlC, the
mixture is filtered over Celite. Removal of the \sait under
reduced pressure give the title compoudndas an orange solid
(16.6 mmol, 3.96 g, 92%R; = 0.8 (hexane / ethyl acetate = 9:1)
(UV); "H NMR (360 MHz, CDCJ) 6 1.66 (s, 9 H), 2.69 (3 H),
6.90-6.93 (m, 1 H), 7.04 (dd,- = 2.6 Hz,J=9.0 Hz, 1 H), 7.62
(dd, Jue = 5.7 Hz,J = 9.0 Hz, 1 H);®*C NMR (91 MHz, CDC))
817.5 (CH), 27.9 (3 x CH), 84.7 (GQ), 113.8 (dJcr = 23.2 Hz,



CH), 117.7 (dJor = 1.8 Hz, G), 117.8 (d,Jor = 10.5 Hz, CH),
1435 (d,Jor = 9.2 Hz, CH), 146.4 (dJer = 2.9 Hz, G), 161.3
(Cy), 165.8 (d,Jcr = 254.8 Hz, ©).

4.1.17 Tert-butyl 2-(2,4-dichlorophenyl)azocarbatgl (1e) A
solution of 2,4-dichloroaniline (31.0 mmol, 5.00 @) glacial
acetic acid (15 mL) is treated with concentratedrbghloric acid
(70 mL) and cooled to 0°C. A solution of sodium ritet
(31.0 mmol, 2.14 g) in water (7 mL) is added ovgeaod of 20
minutes and the reaction is stirred for one hour0atC. A
prechilled solution of tin chloride dihydrate (681#nol, 15.4 g)
in concentrated hydrochloric acid (15 mL) is addldp wise
over a period of 45 minutes. After stirring for oheur at 0 °C
the precipitate is collected by filtration and dised in a
saturated agqueous solution of potassium carboBteroL). The
composite is extracted with diethyl ether (4 x 50)mThe
combined organic phases are washed with a saturgisebas
solution of sodium chloride and dried over sodiunifege. The
crude product is used without further purificatiorhe crude
product is dissolved in dry acetonitrile (35 mL)datneated with
di-tert-butyl dicarbonate (23.9 mmol, 5.22 g) under
atmosphere. After complete consumption of the redstaas
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2.36g) in ethanol (20mL) is treated with hydrazine
monohydrate (69.0 mmol, 5.58 g) and heated to xefar six
hours at 65° C. The yellow precipitate is filterediavashed with
cold ethanol. Drying in vacuum gives the pure 3-roryhd-
nitrophenylhydrazine as fluffy yellow powder (9.80 wim
1.80 g, 71%):R = 0.5 (hexane / ethyl acetate = 4:1) (UVH
NMR (600 MHz, CDC})) 4 3.89 (3 H), 6.36 (ddJ=2.3 Hz,
J=9.2Hz, 1 H), 6.55 (d)J=2.3 Hz, 1 H), 6.61 (bs, 1 H), 7.88
(d, J=9.2Hz, 1H). A suspension of 3-methoxy-4-
nitrophenylhydrazine (6.55 mmol, 1.20 g) in dry tacdérile
(12 mL) and treated with dert-butyl dicarbonate (9.83 mmol,
2.15g) under argon atmosphere and stirred overnigfter
complete consumption of the reactants, as monitoyetl.C, the
solvent is removed under reduced pressure. Thénebtaesidue
is subjected to column chromatography (silica gekane / ethyl
acetate = 1:1) to afford tert-butyl 2-(3-methoxy-4-
nitrophenyl)hydrazine carboxylate as an orange dsoli
(6.55mmol, 1.86g, quant): R=0.5 (hexane/ ethyl
acetate = 1:1) (UV)!H NMR (360 MHz, CDCJ) & 1.50 (9 H),
3.89 (3 H), 6.21 (bs, 1 H), 6.34-6.38 (m, 2 H), 6.46, (1 H),

argon7.93 (d,J=9.2 Hz, 1 H). To a stirred solution w&rt-butyl 2-(3-

methoxy-4-nitrophenyl)hydrazine  carboxylate  (6.550oh

monitored by TLC, the solvent is removed under cedu 1.86¢g) in dry dichloromethane (20 mL), manganesexide

pressure. The residue is subjected to column chogrephy
(silica gel, hexane / ethyl acetate = 9:1) to gmee-butyl 2-(2,4-
dichlorophenyl)hydrazine carboxylate as a paldoyelsolid

(35.3 mmol, 3.07 g) is subsequently added underogen
atmosphere. After complete consumption of the redstaas
monitored by TLC, the mixture is filtered over GeliRemoval

(21.9 mmol, 6.07 g, 71%R; = 0.3 (hexane / ethyl acetate = 9:1) of the solvent wunder reduced pressure and column
(UV); "H NMR (600 MHz, CDCJ) & 1.45 (9 H), 6.16 (bs, 1 H), chromatography (silica gel, hexane / ethyl acetdiel) give the
6.37 (bs, 1 H), 6.88 (dJ=8.8Hz, 1 H), 7.14 (dd)J=2.3 Hz, title compoundlh as an orange solid (5.54 mmol, 1.56 g, 84%):
J=8.8Hz, 1 H), 7.27 (d) = 2.3 Hz, 1 H). To a stirred solution R = 0.5 (hexane / ethyl acetate = 5:1) (U; NMR (600 MHz,

of tert-butyl 2-(2,4-dichlorophenyl)hydrazine carboxylate CDCls) 8 1.68 (s, 9 H), 4.03 (3 H), 7.57 @@= 1.9 Hz, 1 H), 7.59
(21.9 mmol, 6.07 g) in dry dichloromethane (35 mhjgnganese (d, J=1.9 Hz,J=8.5Hz, 1 H), 7.96 (dJ=8.5 Hz, 1 H);"*C
dioxide (99.5 mmol, 8.65¢) is subsequently addesden NMR (151 MHz, CDCJ) § 27.8 (3 x CH), 56.8 (CH), 86.1 (Q),
nitrogen atmosphere. After complete consumption bé t 106.9 (CH), 116.5 (CH), 126.3 (CH), 142.04XC153.4 (Q),

reactants, as monitored by TLC, the mixture iseféd over
Celite. Removal of the solvent under reduced pressand

column chromatography (silica gel, hexane / etlogtate = 15:1)
give the title compounde as an orange solid (17.6 mmol, 4.85 g,

80%): R =0.3 (hexane / ethyl acetate =9:1) (UVH NMR
(360 MHz, CDCJ}) $1.66 (s, 9H), 7.30 (ddJ=2.2Hz,
J=8.7Hz, 1H), 7.56 (d)=8.7 Hz, 1 H), 7.59 (dJ = 2.2 Hz,
1 H); C NMR (151 MHz, CDG)) § 28.2 (3 x CH), 81.8 (Q),

114.1 (CH), 129.2 (@, 125.1 (G), 127.4 (CH), 128.9 (CH),

143.1 (Q), 155.6 (G); HRMS (ESI) calcd for GH1,ClN,0,
[M*+Na’]: 297.0168, found: 297.0167.

4.1.18 Tert-butyl
fluorophenoxy)phenyl)azocarboxylate f£f. A solution of 4-
fluorophenol (2.38 mmol, 268 mg) in dry N,N

4.1.20 Methyl

2-(4-(4-

154.0 (G), 160.5 (G); HRMS (ESI) calcd for ©HsNsOs
[M*+K*]: 304.0899, found: 304.0694.

3-(4-chlorophenyl)-1-(4-fluorophenyHi-
1,2,4-triazole-5-carboxylate (6a) and methyl 5-(4decbphenyl)-
1-(4-fluorophenyl)-1H-1,2,4-triazole-3-carboxylate (5a) are
prepared from (4-chlorobenzylidene-amino) aceti anethyl
ester B8a) (236 umol, 50.0 mg) and tert-butyl 2-(4-

fluorophenyl)azocarboxylatel ) (472 pmol, 106 mg) according
to general procedure GP 2. The crude product isestdy to

column chromatography (silica gel, dichloromethAathyl
acetate = 100:1) to give the title compoungs (85.0 umol,
28.2 mg, 36%) anda (137 pmol, 45.4 mg, 58%) as pale yellow

solids. Methyl 3-(4-chlorophenyl)-1-(4-fluorophejniH-1,2,4-
triazole-5-carboxylate 6@):

R = 0.8 (dichloromethane / ethyl

dimethylformamide (15 mL) is treated with cesium barate
(9.52 mmol, 3.10 g) under argon at room temperatéfter
stirring for 45 minutesert-butyl-2-(4-nitrophenyl)azocarboxylate
(19) (1.99 mmol, 500 mg) is added and the reacticstiised for
five hours. Water (15 mL) is added at 0 °C and rfigture is
extracted with ethyl acetate (3 x 50 mL). The coradimrganic
phases are washed with a saturated aqueous solfitgodiom
chloride and dried over sodium sulfate. The solisnemoved
under reduced pressure. The obtained residue iectet to
column chromatography (silica gel, hexane / etlcgtate = 19:1)
to afford 1f as an orange solid (1.42 mmol, 414 mg, 71%)
R =0.8 (hexane/ethyl acetate=19:1) (UV)H NMR
(600 MHz, CDC}) §1.56 (s, 9 H), 7.01 (dJ=9.1Hz, 2 H),
7.05-7.12 (m, 4 H), 7.91 (d,= 9.1 Hz, 2 H).

acetate = 100:1) (UV)'H NMR (600 MHz, CDCJ) & 3.95 (s,
3H), 7.22 (dd, J4r=8.1Hz, J=9.0Hz, 2H), 7.43 (d,
J=8.8Hz, 2 H), 7.50 (dd}yr =5.0 Hz,J=9.0 Hz, 2H ), 8.13
(d, J=8.8 Hz, 2 H);"*C NMR (91 MHz, CDC}) § 53.3 (CH),
116.1 (d, ‘]CF: 23.3 HZ, 2 x CH), 127.8 (d,\]CFZ 9.0 HZ,
2 x CH), 128.1 (2 x CH), 128.1 £ 129.0 (2 x CH), 133.9 (d,
Jer= 3.4 Hz, G), 136.1 (G), 145.3 (Q), 157.7 (Q), 161.3 (Q),
163.1 (d,Jcr = 250.7 Hz, ©); MS (El) m/z331 (15) {°CI-M7],
276 (10), 274 (33), 109 (52), 57 (100), 41 (13); HRKEI) calcd
for C,;gH1;,CIFN;O, [M]: 331.0524, found: 331.0525. Methyl 5-
‘(4-chlorophenyl)-1-(4-fluorophenyl)H-1,2,4-triazole-3-
carboxylate %a): R=0.4 (dichloromethane / ethyl
acetate = 100:1) (UV)'H NMR (600 MHz, CDCJ) & 4.06 (s,
3H), 7.18 (dd, J;-=8.0Hz, J=9.0Hz, 2H), 7.36 (d,
J=8.6 Hz), 7.40 (ddJyr=4.6 Hz,J=9.0 Hz, 2 H), 7.49 (d,
J = 8.6 Hz);"*C NMR (91 MHz, CDC}) § 60.3 (CH), 116.7 (d,
Jop = 23.3 Hz, 2 x CH), 127.5 (dler= 8.9 Hz, 2 x CH), 128.3

4.1.19 Tert-butyl 2-(3-methoxy-4-nitrophenyl)azoceslate
(1h). A solution 4-fluoro-2-methoxy-1-nitrobenzene (1&énol,



(Cp), 129.0 (2 x CH), 130.2 (2 x CH), 133.4 {d; = 3.5 Hz, ),
137.1 (Q), 154.7 (Q), 160.0 (G), 162.9 (dJcr = 251.6 Hz, Q),
171.0 (G); MS (El) m/z333 (15) {'CI-M™], 331 (43) f°CI-M7],
194 (34), 109 (100), 75 (10);
C16H1:CIFN,O, [M]: 331.0524, found: 331.0523.

4.1.21 Ethyl 3-(4-chlorophenyl)-1-(4-fluorophengbt1,2,4-
triazole-5-carboxylate (6b) and ethyl 5-(4-chlorepiyl)-1-(4-
fluorophenyl)-1H-1,2,4-triazole-3-carboxylate (5hje prepared
from (4-chlorobenzylidene-amino) acetic acid etlegter 8b)
(709 pumol, 160 mg) and tert-butyl 2-(4-
fluorophenyl)azocarboxylate 14  (1.42 mmol, 318 mg)
according to general procedure GP 2. The crude ptodu
subjected to column  chromatography  (silica
dichloromethane / ethyl acetate = 150:1) to givee thitle
compounds6b (212umol, 73.5 mg, 30%) andb (289 umol,
100 mg, 41%) as white solids. Ethyl 3-(4-chlorophety(4-

fluorophenyl)-H-1,2,4-triazole-5-carboxylate 6l): R =0.8
(dichloromethane / ethyl ~acetate = 100:1) (UVJH NMR
(360 MHz, CDC}) $1.35 (t, J=7.1Hz, 3H), 441 (q,

HRMS (EI) calcd for triazole-3-carboxylate 5¢):

8
109 (100), 95 (11), 82 (12), 56 (10), 44 (10), 49)( HRMS
(EI) calcd for GgH;/CIFN;O, [M™]: 373.0993, found: 373.0994.
Tert-butyl 5-(4-chlorophenyl)-1-(4-fluorophenyl}t1,2,4-
R = 0.3 (dichloromethane / ethyl
acetate = 100:1) (UV)'H NMR (600 MHz, CDCJ) & 1.67 (s,
9H), 7.16 (dd, J;r=8.0Hz, J=9.1Hz, 2H), 7.34 (d,
J=8.8Hz, 2H), 7.38 (dd)4=4.7 Hz,J=9.1 Hz, 2 H), 7.47
(d, J=8.8Hz, 2H); ¥®™C NMR (91 MHz, CDCJ) &28.1
(3 x CHy), 83.4 (G), 116.7 (d,Jer=23.3 Hz, 2 x CH), 125.3
(Cp), 127.6 (d,Jcr=8.9 Hz, 2 x CH), 129.0 (2 x CH), 130.3
(2 x CH), 133.7 (dJce=3.5Hz, G), 136.9 (G), 154.4 (G),
155.7 (G), 159.0 (@), 162.9 (d,Jcr = 251.3 Hz, §); MS (EI)
m/z375 (10) f’Cl-M™], 373 (31) f°CI-M*], 319 (25), 318 (25),

gel,317 (70), 302 (10), 300 (31), 232 (16), 180 (239 116), 138

(25), 136 (24), 135 (21), 109 (100), 95 (31), 8B)(T’5 (17), 57
(58), 56 (22), 55 (10), 41 (55), 39 (17), 29 (1BRMS (EI) calcd
for C,gH17CIFN;O, [M*]: 373.0993, found: 373.0992.

4.1.23 Methyl 1-(4-fluorophenyl)-3-phenyl-1H-1,2Zrié&zole-
5-carboxylate (6d) and methyl 1-(4-fluorophenyl){tepyl-1H-

J=7.1Hz, 2H), 7.21 (ddJyr=8.1 Hz,J=9.1 Hz, 2 H), 7.44
(d, J=8.8Hz, 2H), 7.50 (ddJsr=4.7 Hz,J=9.1 Hz, 2 H),
8.12 (d,J=8.8 Hz, 2 H);"*C NMR (151 MHz, CDGCJ) 4 14.0  tert-butyl 2-(4-fluorophenyl)azocarboxylate 1d) (678 umol,
(CHy), 62.9 (CH), 116.0 (d,Jcg=23.3 Hz, 2 x CH), 127.8 (d, 152 mg) according to general procedure GP 2. Theecpuoduct
Jr=8.9Hz, 2xCH), 128.1 (2xCH), 128.1 jJC 128.9 is subjected to column chromatography (silica gel,

1,2,4-triazole-3-carboxylate (5dxe prepared from (benzylidene-
amino) acetic acid methyl ested3d) (339 pmol, 60.0 mg) and

(2 x CH), 134.0 (dJer=3.3Hz, G), 136.1 (G), 145.8 (Q),
157.3 (G), 161.3 (G), 163.1 (d,Jcr = 250.5 Hz, Q); MS (ESI)
m/z348 F'CI-MH"], 346 [°CI-MH']; HRMS (ESI) calcd for

C,7H1sCIFN;O, [M*+Na']: 368.0573, found: 368.0561. Ethyl 5-

(4-chlorophenyl)-1-(4-fluorophenyl)H-1,2,4-triazole-3-
carboxylate Bb): R=0.4
acetate = 100:1) (UV)!H NMR (360 MHz, CDC)) & 1.46 (t,
J=71Hz, 3H), 445 (q,J=7.1Hz, 2H), 7.17 (dd,
Jue=8.0Hz,J=9.1Hz, 2H), 7.35 (d)J=8.8Hz, 2H), 7.38
(dd, Jur = 4.6 Hz,J = 9.1 Hz, 2 H), 7.48 (d] = 8.8 Hz, 2 H);}*C
NMR (91 MHz, CDC}) 6 14.3 (CH), 62.2 (CH), 116.8 (d,
Jer=23.3Hz, 2xCH), 1250 (§ 127.6 (d, Jor= 8.9 Hz,
2 x CH), 129.1 (2 x CH), 130.3 (2 x CH), 133.5Jg- = 3.4 Hz,
Cy), 137.1 (Q), 154.7 (G), 154.7 (Q), 159.7 (Q), 162.9 (d,
Jer = 251.4 Hz, Q); MS (ESI) m/z348 ['CI-MH"], 346 [°CI-
MH™; HRMS (ESI) calcd for @HisCIFN;O, [M™+NaT:
368.0573, found: 368.0564.

4.1.22 Tert-butyl  3-(4-chlorophenyl)-1-(4-fluoropiyd)-1H-
1,2,4-triazole-5-carboxylate  (6c) and  tert-butyl (%~
chlorophenyl)-1-(4-fluorophenyl)-1H-1,2,4-triazode-

(dichloromethane / ethyl

dichloromethane / ethyl acetate =50:1) to give thile
compounds6d (41.7 umol, 12.4 mg, 12%) arsd (141 pmol,
41.9 mg, 42%) as pale yellow solids. Methyl 1-(deflophenyl)-
3-phenyl-H-1,2 4-triazole-5-carboxylate  6d): R=0.7
(dichloromethane / ethyl ~acetate = 50:1) (UV)‘H NMR
(360 MHz, CDC}) §3.96 (s, 3H), 7.21 (ddJye=8.1Hz,
J=9.1Hz, 2H), 7.44-7.49 (m, 2H), 7.51 (ddl;-=4.7 Hz,
J=9.1Hz, 2H), 8.17-8.22 (m, 2H)*C NMR (151 MHz,
CDCly) 852.3 (CH), 116.0 (d,Jcr=23.3 Hz, 2 x CH), 126.8
(2 x CH), 127.8 (dJce= 8.9 Hz, 2 x CH), 128.7 (2 x CH), 129.5
(Cy), 130.1 (CH), 134.0 (dJer=3.4 Hz, @), 145.2 (@), 157.9
(Cy). 162.2 (G), 163.0 (d,Jcr = 248.4 Hz, @); MS (EI) m/z297
(81) [M"], 109 (100); HRMS (EI) calcd for fgH1,FN;O, [M™]:
297.0914, found: 297.0914. Methyl 1-(4-fluorophgsBdphenyl-
1H-1,2,4-triazole-3-carboxylate 54): R=0.3
(dichloromethane / ethyl ~acetate = 50:1) (UV)'H NMR
(360 MHz, CDC}) 84.05 (s, 3H), 7.13 (ddJys= 8.0 Hz,
J=9.2 Hz, 2 H), 7.32-7.47 (m, 5H), 7.50-7.55 (m, 2 HC
NMR (91 MHz, CDC}) 6 52.9 (CH), 116.6 (d,Jcr = 23.3 Hz,
2xCH), 1265 (§, 127.5 (d,J.r=8.9 Hz, 2 x CH), 128.7
(2 x CH), 129.1 (2 x CH), 130.7 (CH), 133.7 (#-= 3.4 Hz,

carboxylate (5cire prepared from (4-chlorobenzylidene-amino)C,), 154.3 (G), 155.7 (Q), 160.2 (G), 162.8 (dJor = 251.0 Hz,

acetic acidtert-butyl ester 8c) (79.0 umol, 20.0 mg) antert-
butyl 2-(4-fluorophenyl)azocarboxylatéd) (158 pmol, 35.4 mg)
according to general
trifluoroacetic acid, the reaction is stirred féwege hours. The
crude product is subjected to column chromatogrdpliga gel,
dichloromethane / ethyl acetate = 100:1) to givee thitle
compounds6c (12.6 umol, 4.70 mg, 16%) arkt (37.7 umol,
14.1 mg, 48%) as pale yellow solids. Tert-butyl
chlorophenyl)-1-(4-fluorophenyl)H-1,2,4-triazole-5-
carboxylate §o): R =0.7
acetate = 100:1) (UV)'H NMR (600 MHz, CDCJ) & 1.45 (s,
9H), 721 (dd, Jyp=8.1Hz, J=9.0Hz, 2H), 7.42 (d,
J=8.7Hz, 2H), 7.46 (dd)yr=4.7 Hz,J=9.0 Hz, 2 H), 8.13
(d, J=8.7Hz, 2H); ®C NMR (91 MHz, CDC)) §27.8

(3 x CHy), 84.9 (G), 116.0 (d Jor = 23.2 Hz, 2 x CH), 127.7 (d,

Jor=8.9Hz, 2xCH), 1281 (2xCH), 128.4 JC 128.9
(2 x CH), 1345 (dJe-= 3.4 Hz, Q), 135.9 (G), 147.2 (),
156.2 (G), 161.1 (G), 163.0 (d,Jcr = 250.4 Hz, @; MS (El)

procedure GP 2. After additiodnh o

3-(4

(dichloromethane / ethyl

C,); MS (El) m/z297 (81) [M], 109 (100); HRMS (EI) calcd for
Ci6H1,FN;0, [M7]: 297.0914, found: 297.0914.

4.1.24 Ethyl  3-(2,4-dichlorophenyl)-1-(4-fluoroplyrlH-
1,2,4-triazole-5-carboxylate (6e) and ethyl 5-(2,4-
dichlorophenyl)-1-(4-fluorophenyl)-1H-1,2,4-triazeB-
carboxylate (5epre prepared from 2-((2,4-dichlorobenzylidene)-
amino) acetic aciethyl ester 3¢) (577 pmol, 150 mg) antbrt-
butyl 2-(4-fluorophenyl)azocarboxylate 1) (1.15 mmol,
258 mg) according to general procedure GP 2. Theecpuoduct
is subjected to column chromatography (silica
dichloromethane / ethyl acetate = 100:1) to givee thitle
compounds6e (115 pmol, 43.7 mg, 20%) ange (69.4 pmol,
26.4 mg, 12%) as white solids. Ethyl 3-(2,4-dichfgvenyl)-1-
(4-fluorophenyl)-H-1,2,4-triazole-5-carboxylate(6e): R = 0.8
(dichloromethane / ethyl acetate = 100:1) (UVJH NMR
(600 MHz, CDC}) 8135 (t, J=7.1Hz, 3H), 4.40
(9,d=7.1Hz, 2H), 7.21 (ddJ4-=8.1Hz,J=9.0 Hz, 2 H),

m/z373 (12) °CI-M"], 317 (18), 275 (16), 273 (41), 136 (41), 7.35 (ddJ = 2.1 Hz,J = 8.4 Hz, 1 H), 7.50-7.54 (m, 3 H), 7.93

gel,



(d,J=8.4 Hz, 1 H);"*C NMR (91 MHz, CDCJ) 5 14.0 (CH),
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(78.4 umol, 28.0 mg, 18%) arkshy (173 pmol, 61.9 mg, 41%)

62.9 (CH), 116.0 (dJcr = 23.3 Hz, 2 x CH), 127.1 (CH), 127.4 as pale yellow solids. Methyl 3-(3,4-dimethoxyphigiy(4-

(Cy, 127.8 (d.Jor = 9.0 Hz, 2 x CH), 130.6 (CH), 132.4 (CH),

133.8 (G), 133.9 (d,Jer= 3.3 Hz, @), 136.1 (), 145.2 (G),
157.3 (), 159.8 (G),163.1 (d,Jcr = 250.6 Hz, Q); MS (ESI)
m/z384 ['Cl-MH"], 382 F'CIF°CI-MH*], 380 [°Cl,-MH];
HRMS (ESI) calcd for GH;.Cl,FN;O, [M*+Na]: 402.0183,
found: 402.0171. Ethyl
fluorophenyl)-H-1,2,4-triazole-3-carboxylate (5¢): R;=0.6

(dichloromethane / ethyl ~acetate = 100:1) (UVJH NMR

(600 MHz, CDC)) §1.48 (t, J=7.1Hz, 3H), 455 (q,
J=7.1Hz, 2H), 7.08 (dd)yr=8.0 Hz,J=9.1Hz, 2 H), 7.32
(dd, Jye=4.6Hz, J=9.1Hz, 2H), 7.39 (dd,J=2.0Hz,
J=8.3Hz, 1H), 7.43 (d)=2.0 Hz, 1 H), 7.50 (dJ) = 8.3 Hz,
1 H); ®C NMR (91 MHz, CDCJ) 5 14.2 (CH), 62.2 (CH),

116.3 (d,Jer = 23.3 Hz, 2 x CH), 125.6 (£ 125.8 {cr = 8.9 Hz,

2 x CH), 127.6 (CH), 130.0 (CH), 132.7 (CH), 133.0 (d,carboxylate

Jer = 3.3 Hz, G), 134.5 (G), 137.7 (Q), 152.3 (G), 154.7 (Q),
159.5 (G), 1625 (d,Jcr=251.0 Hz, @; MS (ESI) m/z384
[¥Cl,-M*, 380 [°CI-M*]; HRMS (ESI) caled for
C,7H1,CILFN;O, [M*+Na']: 402.0183, found: 402.0178.

4.1.25 Methyl 3-(4-bromophenyl)-1-(4-fluorophenyj-1
1,2,4-triazole-5-carboxylate (6f) and methyl 5-(44mophenyl)-
1-(4-fluorophenyl)-1H-1,2,4-triazole-3-carboxylate (5f)  are
prepared from (4-bromobenzylidene-amino) acetid anethyl
ester Bf) (377 umol, 100 mg) and tert-butyl 2-(4-
fluorophenyl)azocarboxylatel ) (754 pmol, 169 mg) according
to general procedure GP 2. The crude product isestéy to
column chromatography (silica gel, dichloromethAathyl
acetate = 100:1) to give the title compoungéfs (94.0 pumol,

35.4 mg, 25%) an8f (255 pmol, 95.8 mg, 68%) as white solids. 5-(4-fluorophenyl)-1H-1,2,4-triazole-3-carboxylate (5h)

Methyl 3-(4-bromophenyl)-1-(4-fluorophenyl}Ht1,2,4-triazole-
5-carboxylate &f): R =0.7 (dichloromethane / ethyl
acetate = 100:1) (UVJH NMR (600 MHz, CDCJ) & 3.95 (3 H),
7.21 (dd,J4e = 8.2 Hz,J=8.8 Hz, 2 H), 7.49 (dd}yr = 4.7 Hz,
J=8.8Hz, 2H), 7.59 (d) = 8.6 Hz, 2 H), 8.06 (dJ = 8.6 Hz,
2 H); ®C NMR (151 MHz, CDG) §53.5 (CH), 116.1 (d,
Jor=23.4Hz, 2xCH), 1245 (f 127.9 (d, Jor=8.9 Hz,
2 x CH), 128.4 (2 x CH), 128.5 { 131.9 (2 x CH), 133.8 (d,
Jer = 3.3 Hz, Q), 145.3 (Q), 157.7 (G), 161.3 (), 163.1 (d,
Jer = 250.8 Hz, @); MS (ESI) m/z379 f'CI-MH"], 376 [°CI-
MH™; HRMS (ESI) calcd for GH;;BrFN;O, [M™+NaT:
397.9911, found: 397.9903. Methyl 5-(4-bromopheiy(¥-
fluorophenyl)-H-1,2,4-triazole-3-carboxylate 5f): R =0.3
(dichloromethane / ethyl acetate = 100:1) (UVJH NMR
(600 MHz, CDC{) §4.04 (3H), 7.16 (dd,Jy=8.0Hz,
J=9.0Hz, 2 H), 7.38 (ddjJyr = 4.7 Hz,J=9.0 Hz, 2 H), 7.40
(d, J=8.6Hz, 2H), 7.50 (dJ=8.6Hz, 2H);°C NMR
(91 MHz, CDC}) 6 53.0 (CH), 116.8 (dJr = 23.4 Hz, 2 x CH),
125.4 (G), 126.0 (), 127.6 (d,Jcr = 8.9 Hz, 2 x CH), 130.5
(2 x CH), 132.1 (2 x CH), 133.5 (& = 3.3 Hz, G), 154.4 (Q),
154.8 (G), 160.1 (G), 163.0 (d,Jcr = 251.7 Hz, Q); MS (ESI)
m/z379 F'CI-MH*], 376 [°CI-MH']; HRMS (ESI) calcd for
C1H11BrFN;O, [M*+Na']: 397.9911, found: 397.9904.

4.1.26 Methyl 3-(3,4-dimethoxyphenyl)-1-(4-fluoropyie 1H-
1,2,4-triazole-5-carboxylate  (6g) and  methyl
dimethoxyphenyl)-1-(4-fluorophenyl)-1H-1,2,4-trise@-
carboxylate (5g) are prepared from
dimethoxybenzylidene)amino)-acetic acichethyl ester g)
(422 pmol, 100 mg) and tert-butyl 2-(4-
fluorophenyl)azocarboxylatel ) (844 pmol, 190 mg) according
to general procedure GP 2. The crude product isestéy to
column chromatography (silica gel, dichloromethAathyl
acetate = 20:1> 10:1) to give the title compoundssg

2-((3,4-

5-(2,4-dichlorophenyl)-1-(4-

fluorophenyl)-H-1,2,4-triazole-5-carboxylate (6g): Ri=0.4
(dichloromethane / ethyl ~ acetate = 20:1) (UV)'H NMR
(600 MHz, CDC}) 6 3.94 (s, 3 H), 3.95 (s, 3H), 3.97 (s, 3H),
6.94 (d,J=8.4Hz, 1H), 7.21 (ddJyr=8.1Hz, J=9.0 Hz,
2H), 751 (dd, Jyp=4.7Hz, J=9.0Hz, 2H), 7.68 (d,
J=1.9 Hz, 1 H), 7.80 (ddl = 1.9 Hz,J = 8.4 Hz, 1 H)**C NMR
(91 MHz, CDC}) 4 53.2 (CH), 56.0 (CH), 56.1 (CH), 109.6
(CH), 111.1 (CH), 116.0 (dlcr = 23.3 Hz, 2 x CH), 119.9 (CH),
122.4 (@), 1279 (d, J;r=9.0Hz, 2xCH), 134.0 (d,
Jor = 3.4 Hz, G), 145.1 (G), 149.1 (Q), 150.7 (Q), 157.8 (Q),
162.2 (@), 163.0 (d,Jer = 250.0 Hz, ©; MS (El) m/z358 (18)
[MH?™], 357 (100) [M], 314 (12), 109 (22); HRMS (EI) calcd for
CigH1eFN;O, [M™]: 357.1125, found: 357.1125. Methyl 5-(3,4-
dimethoxyphenyl)-1-(4-fluorophenyl)F1,2,4-triazole-3-

(59): R =0.2 (dichloromethane / ethyl
acetate = 20:1) (UV)!H NMR (600 MHz, CDC}) §3.80 (s,
3 H), 3.90 (s, 3 H), 4.07 (s, 3H), 6.80 (& 8.5 Hz, 1 H), 7.00
(dd, J=2.0Hz,J=8.4 Hz, 1 H), 7.15-7.21 (m, 3 H), 7.43 (dd,
Jur = 4.7 Hz, J=9.0 Hz, 2 H);**C NMR (151 MHz, CDGC)
352.9 (CH), 55.9 (CH), 110.8 (CH), 112.0 (CH), 116.6 (d,
Jer=23.1Hz, 2xCH), 118.8 (f 122.3 (CH), 127.8 (d,
Jer=8.9 Hz, 2 x CH), 134.0 (dlcr=3.3 Hz, Q), 149.0 (@),
151.1 (Q), 154.2 (G), 155.7 (Q), 160.4 (Q). (One CH and one
C, signal are missing due to overlap); MS (Ehz358 (15)
[MH™], 357 (75) [M], 194 (10), 109 (100); HRMS (EI) calcd for
CigH16FN;0, [M7]: 357.1125, found: 357.1125.

4.1.27 Methyl 1-(4-bromophenyl)-3-(4-fluorophenyj-1
1,2,4-triazole-5-carboxylate (6h) and methyl 1-(4#mophenyl)-
are
prepared from (4-fluorobenzylidene-amino) acetiad amethyl
ester 8h) (768 umol, 150 mg) and tert-butyl 2-(4-
bromophenyl)azocarboxylate 1K) (1.54 mmol, 439 mg)
according to general procedure GP 2. The crude ptodu
subjected to column  chromatography (silica  gel,
dichloromethane / ethyl acetate = 100:1) to givee thitle
compoundséh (223 umol, 83.9 mg, 29%) ansh (389 umol,
146 mg, 51%) as white solids. Methyl 1-(4-bromopHheBy(4-
fluorophenyl)-H-1,2,4-triazole-5-carboxylate (6h): R =0.9
(dichloromethane / ethyl acetate = 100:1) (UVJH NMR
(600 MHz, CDC}) §3.96 (s, 3H), 7.14 (t,Jy==8.8Hz,
J=8.8Hz, 2H), 7.40 (dJ=8.8Hz, 2 H), 7.66 (dJ = 8.8 Hz,
2 H), 8.17 (dd, Jy==5.4Hz, J=8.8Hz, 2H); *C NMR
(151 MHz, CDCJ) §53.4 (CH), 115.8 (d, Jer=21.9 Hz,
2 x CH), 123.9 (@, 125.7 (dJcr = 3.2 Hz, @), 127.3 (2 x CH),
128.8 (d,Jer=8.6 Hz, 2 x CH), 132.2 (2 x CH), 136.8,(C
145.2 (G), 157.8 (@), 161.6 (G), 164.0 (dJcr = 248.9 Hz, Q;
MS (ESI) m/z376 [°Br-MH']; HRMS (ESI) calcd for
Ci6H11BIFN;O, [M*+Na’]: 397.9911, found: 397.9909. Methyl
1-(4-bromophenyl)-5-(4-fluorophenyl)t1,2,4-triazole-3-
carboxylate (5h): R =0.9 (dichloromethane / ethyl
acetate = 100:1) (UV)'H NMR (600 MHz, CDCJ) & 4.06 (s,
3 H), 7.12 (t,Jyr = 8.6 Hz,J =8.6 Hz, 2 H), 7.29 (d] = 8.8 Hz,
2H), 754 (dd, Jx=5.2Hz, J=89Hz, 2H), 7.61 (d,
J=8.8 Hz, 2 H)}*C NMR (91 MHz, CDCJ) § 53.0 (CH), 116.1

5-(3,4-(d, Jor = 22.1 Hz, 2 x CH), 122.7 (dlee= 3.5 Hz, ), 123.8

(Cp), 126.9 (2 x CH), 131.3 (dJcr=8.8 Hz, 2 x CH), 132.9
(2 x CH), 136.4 (Q), 154.5 (G), 154.8 (), 160.1 (), 164.1 (d,
Jer = 253.0 Hz, ©@); MS (ESI)m/z376 [*Br-MH]; HRMS (ESI)
caled for GgH1,BrFN;O, [M*+Na']: 397.9911, found: 397.9904.

4.1.28 Tert-butyl 1-(4-bromophenyl)-3-(4-chlorophigiyH-
1,2,4-triazole-5-carboxylate  (6i) and tert-butyl (4-
chlorophenyl)-5-(4-bromophenyl)-1H-1,2,4-triazole-3
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carboxylate (5i)are prepared from (4-chlorobenzylidene-amino)4-yl)-1-(4-bromophenyl)-1H-1,2,4-triazole-3-carboatd (5k)

acetic acidert-butyl ester 8c) (591 pmol, 150 mg) antrt-butyl
2-(4-bromophenyl)azocarboxylatelh) (1.18 mmol, 336 mg)
according to general procedure GP 2. The crude ptodu
subjected to column  chromatography  (silica
dichloromethane / ethyl acetate = 150:1) to givee thitle
compounds6i (160 pmol, 69.6 mg, 27%) andi (365 pmol,
159 mg, 62%) as white solid$ertbutyl 1-(4-bromophenyl)-3-
(4-chlorophenyl)-H-1,2,4-triazole-5-carboxylate(6i): R = 0.7
(dichloromethane / ethyl ~acetate = 100:1) (UVJH NMR
(600 MHz, CDC}) 4 1.47 (9 H), 7.38 (dJ=8.8 Hz, 2 H), 7.42
(d, J=8.8Hz, 2H), 765 (d,J=8.8Hz, 2H), 812 (d,
J=8.8 Hz, 2 H);®*C NMR (91 MHz, CDCJ)  27.7 (3 x CH),

are prepared from methyl 2-(([1,1-biphenyl]-4-ylimdene)-
amino)acetate 3{) (592 umol, 150 mg) andert-butyl 2-(4-
bromophenyl)azocarboxylate 1k) (1.18 mmol, 336 mg)

gel,according to general procedure GP 2. The crude ptoitu

subjected to column  chromatography  (silica
dichloromethane / ethyl acetate = 100:1) to givee thitle
compounds6k (148 pmol, 64.3 mg, 25%) ansk (141 umol,
105 mg, 41%) as white solids. Methyl 3-([1,1'-bipyi¢d-yl)-1-
(4-bromophenyl)-H-1,2,4-triazole-5-carboxylatg6k): R = 0.9
(dichloromethane / ethyl acetate = 100:1) (UVJH NMR
(360 MHz, CDC}) & 3.98 (s, 3 H), 7.35-7.40 (m, 1 H), 7.42-7.49
(m, 4 H), 7.64-7.72 (m, 6 H), 8.27 @@= 8.6 Hz, 2 H);°C NMR

gel,

85.0 (G), 1235 (G), 127.2 (2 x CH), 128.0 (2 x CH), 128.2 (91 MHz, CDC}) §53.2 (CH), 123.7 (G), 127.0 (2 x CH),

(Cy, 128.8 (2 x CH), 132.1 (2 x CH), 135.9,C137.2 (G),
150.0 (G), 156.2 (G), 161.2 (G); MS (ESI)m/z438 ['CI*Br-
MH"], 436 ['CI"Br-MH"], 436 [°CI®'Br-MH*], 434 [°CI"Br-
MH"]; HRMS (ESI) calcd for (GH:-BrCIN;O,), [M*™+Na':
891.0258, found: 891.025&ertbutyl 1-(4-chlorophenyl)-5-(4-
bromophenyl)-H-1,2,4-triazole-3-carboxylate (5i): R=0.5
(dichloromethane / ethyl acetate = 100:1) (UVJH NMR
(600 MHz, CDC}) 6 1.67 (9 H), 7.27 (dJ=8.8 Hz, 2 H), 7.36
(d, J=8.8Hz, 2H), 7.47 (d,J=8.8Hz, 2H), 7.59 (d,
J=8.8 Hz, 2 H);®*C NMR (91 MHz, CDCJ)  28.0 (3 x CHj),
83.4 (G), 1236 (Q), 125.1 (G), 127.0 (2xCH), 129.0
(2 x CH), 130.3 (2 x CH), 132.8 (2 x CH), 136.4,)(C137.0
(Cy), 154.3 (G), 155.8 (G), 158.9 (G); MS (ESI) m/z438
[¥'CI¥'Br-MH*], 436 P'CI™Br-MH"], 436 [°CI*'Br-MH"], 434
[*CI™Br-MH*]; HRMS (ESI) calcd for (GH;:;BrCIN;O,),
[M*+Na']: 891.0258, found: 891.0243.

4.1.29 Methyl
1,2,4-triazole-5-carboxylate (6j) and methyl 5-(3tmophenyl)-
1-(4-bromophenyl)-1H-1,2,4-triazole-3-carboxylate j)(5 are
prepared from (3-bromobenzylidene-amino) acetid awcethyl
ester B8i) (566 umol, 150 mg) and tert-butyl 2-(4-
bromophenyl)azocarboxylate 1K) (1.11 mmol, 317 mg)
according to general procedure GP 2. The crude ptodu
subjected to column  chromatography (silica
dichloromethane / ethyl acetate = 100:1) to givee thitle
compounds6j (128 umol, 55.9 mg, 23%) an§j (286 pmol,
125 mg, 52%) as white solids. Methyl 3-(3-bromopHety(4-
bromophenyl)-H-1,2,4-triazole-5-carboxylate (6j): Ri=0.9
(dichloromethane / ethyl acetate = 100:1) (UVJH NMR
(600 MHz, CDC}) § 3.97 (s, 3 H), 7.33 (f] = 8.0 Hz, 1 H), 7.40
(d,J=88Hz, 2H), 7.57 (ddd,J=1.1Hz, J=1.8Hz
J=8.0Hz, 1 H), 7.66 (d] = 8.8 Hz, 2 H), 8.11 (ddd,= 1.1 Hz,
J=1.8Hz,J=8.8 Hz, 1 H), 8.36 (= 1.8 Hz, 1 H);®C NMR
(91 MHz, CDC}) 3 53.4 (CH), 122.9 (CH), 124.0 (CH), 125.3
(CH), 127.3 (2 x CH), 129.7 (f 130.2 (CH), 131.4 (g, 132.2
(2 x CH), 133.1 (§), 136.7 (@), 145.3 (Q), 157.7 (@), 161.0
(Cy; MS (ESI)m/z438 ['Br'*Br-MH']; HRMS (ESI) calcd for
C16H11BrN50, [M*+Na']: 459.9091, found: 459.9082. Methyl 5-
(3-bromophenyl)-1-(4-bromophenylHt1,2,4-triazole-3-
carboxylate (5)): R =0.6 (dichloromethane / ethyl
acetate = 100:1) (UV)'H NMR (600 MHz, CDCJ) & 4.07 (s,

3-(3-bromophenyl)-1-(4-bromophenyl)-1H-4.1.31  Methyl

gel,column chromatography (silica gel,

127.1 (2 x CH), 127.2 (2 x CH), 127.2 (2 x CH), 12{@&),
128.2 (G), 128.7 (2 x CH), 132.1 (2 x CH), 136.7JC140.3
(Cp), 142.7 (Q), 145.0 (Q), 157.7 (Q), 162.0 (G); MS (ESI)
m/z436 ['Br-MH']; HRMS (ESI) calcd for GH1BrN;O,
[M*+Na]: 456.0318, found: 456.0317. Methyl 5-([1,1-
biphenyl]-4-yl)-1-(4-bromophenyl)H-1,2,4-triazole-3-
carboxylate (5K): R =05 (dichloromethane / ethyl
acetate = 100:1) (UV)*H NMR (360 MHz, CDCJ) & 4.06 (s,
3 H), 7.33 (dJ = 8.8 Hz, 2 H), 7.36-7.40 (m, 1 H), 7.43-7.47 (m,
2 H), 7.59-7.61 (m, 8 H)**C NMR (91 MHz, CDCJ) §52.9
(CHy), 123.7 (G), 125.1 (G), 127.0 (2 x CH), 127.0 (2 x CH),
127.3 (2 x CH), 128.1 (CH), 128.9 (2 x CH), 129.5 @H)),
132.8 (2 x CH), 136.6 ({5 139.5 (G), 143.5 (G), 154.5 (Q),
155.4 (G), 160.2 (G); MS (ESI) m/z436 ['Br-MH]; HRMS
(ESI) caled for GH;BrN;O, [M™+Na]: 456.0318, found:
456.0309.

1-(4-iodophenyl)-3-(4-cyanophenyl}113,4-
triazole-5-carboxylate (61) and methyl 1-(4-iodopkb-(4-
cyanophenyl)-1H-1,2 4-triazole-3-carboxylate (%lje prepared
from (4-cyanobenzylidene-amino) acetic aomgthyl ester k)
(742 pmol, 150 mg) and tert-butyl 2-(4-
iodophenyl)azocarboxylatel€) (1.19 mmol, 395 mg) according
to general procedure GP 2. The crude product isestdy to
dichloromethaathyl
acetate = 100:1) to give the title compoun@ls (274 pmol,
118 mg, 37%) andl (453 umol, 195 mg, 61%) as pale yellow
solids. Methyl 1-(4-iodophenyl)-3-(4-cyanophenyhHL,2,4-
triazole-5-carboxylate (61): R =0.8 (dichloromethane / ethyl
acetate = 100:1) (UV):H NMR (600 MHz, CDC})) & 3.98 (s,
3 H), 7.26 (dJ=8.7 Hz, 2 H), 7.76 (d] = 8.7 Hz, 2 H), 7.88 (d,
J=8.7 Hz, 2 H), 8.30 (dJ = 8.7 Hz, 2 H);"*C NMR (91 MHz,
CDCly) 6§ 53.5 (CH), 95.8 (GQ), 113.6 (G), 118.5 (@), 127.2
(2 x CH), 127.3 (2 x CH), 132.6 (2 x CH), 133.7,)(C137.3
(Cy), 138.3 (2 x CH), 145.6 (5 157.6 (@), 160.7 (Q); MS
(ESI) m/z431 [MHT]; HRMS (ESI) calcd for @GHy;IN,O,
[M™+Na']: 452.9819, found: 452.9809. Methyl 1-(4-iodophny
5-(4-cyanophenyl)-Hi-1,2,4-triazole-3-carboxylat€sl): R; = 0.5
(dichloromethane / ethyl acetate = 100:1) (UVJH NMR
(600 MHz, CDC}) 5 4.05 (s, 3 H), 7.12 (dl = 8.7 Hz, 2 H), 7.67
(d, J=88Hz, 2H), 768 (d,J=8.8Hz, 2H), 7.82 (d,
J=8.7 Hz, 2 H);®C NMR (151 MHz, CDGCJ) 5 53.1 (CH), 95.9

3 H), 7.22 (tJ = 8.0 Hz, 1 H), 7.28-7.32 (m, 3 H), 7.59-7.64 (m, (C;), 114.7 (§), 117.7 (§), 127.0 (2 x CH), 129.6 (2 x CH),

3H), 7.88 (t,J=1.8 Hz, 1 H);*C NMR (151 MHz, CDG)

130.6 (G), 132.5 (2 x CH), 136.7 (§ 139.1 (2 x CH), 153.7

553.0 (CH), 122.9 (CH), 124.0 (CH), 126.9 (CH), 127.3 (C;), 154.8 (G), 159.8 (G); MS (ESI)m/z431 [MH]; HRMS

(2 x CH), 128.3 (@, 130.1 (CH), 132.2 (§, 132.9 (2 x CH),
133.9 (), 136.1 (G), 154.1 (), 154.5 (G), 160.0 (G); MS
(ESI) m/z440 P'Br,-MH"], 438 ['Br’Br-MH"]; HRMS (ESI)
calcd for GgH1:BroN;O, [M*+Na']: 459.9091, found: 459.9079.

4.1.30 Methyl 3-([1,1-biphenyl]-4-yl)-1-(4-bromophgd)-1H-
1,2,4-triazole-5-carboxylate (6k) and methyl 5-([dhiphenyl]-

(ES)) calcd for GH;1IN,O, [MH™]: 430.9999, found: 430.9996.

4.1.32 Methyl 3-(4-bromophenyl)-1-(4-iodophenyl)-1}2;4-
triazole-5-carboxylate (6m) and methyl 5-(4-bromopHehy(4-
iodophenyl)-1H-1,2,4-triazole-3-carboxylate (5mje prepared
from (4-bromobenzylidene-amino) acetic acigtthyl ester f)
(566 pumol, 150 mg) and tert-butyl 2-(4-



iodophenyl)azocarboxylatel €) (1.13 mmol, 375 mg) according
to general procedure GP 2. The crude product isestéy to
column chromatography (silica gel, dichloromethAgthyl
acetate = 100:1) to give the title compoungi®m (122 pmol,
59.1 mg, 22%) anim (329 pmol, 159 mg, 58%) as white solids.
Methyl  3-(4-bromophenyl)-1-(4-iodophenylHi1,2,4-triazole-
5-carboxylate  §m): R=0.8 (dichloromethane / ethyl
acetate = 100:1) (UV)'H NMR (600 MHz, CDCJ) & 3.96 (s,
3 H), 7.26 (dJ=8.7 Hz, 2 H), 7.59 (d] = 8.7 Hz, 2 H), 7.86 (d,
J=8.7 Hz, 2 H), 8.06 (dJ =8.7 Hz, 2 H);"*C NMR (91 MHz,
CDCly) 853.4 (CH), 95.5 (G), 124.5 (G), 127.4 (2 x CH),
128.3 (2 x CH), 128.5 (5 131.9 (2 x CH), 137.4 (f; 138.2
(2 x CH), 145.2 (@), 157.7 (&), 161.5 (G); MS (ESI)m/z486
[¥'Br-MH"], 484 [°Br-MH']; HRMS (ESI) calcd for
C16H11BrIN;O, [M*+Na']: 505.8972, found: 505.8961. Methyl 5-
(4-bromophenyl)-1-(4-iodophenyl)t1,2,4-triazole-3-
carboxylate Bm): R =0.5 (dichloromethane / ethyl
acetate = 100:1) (UV)*H NMR (600 MHz, CDCJ)) & 4.06 (s,
3 H), 7.16 (dJ = 8.8 Hz, 2 H), 7.42 (d] = 8.8 Hz, 2 H), 7.54 (d,
J=8.8Hz, 2 H), 7.81 (d] = 8.8 Hz, 2 H);®C NMR (151 MHz,
CDCl;) 8 53.0 (CH), 95.4 (G), 125.3 (), 125.7 (), 127.0
(2 x CH), 130.5 (2 x CH), 132.1 (2 x CH), 136.9,)C138.6
(2 x CH), 154.5 (), 154.7 (G), 160.0 (G); MS (ESI)m/z486
[*'Br-MH*], 484 [*Br-MH']; HRMS (ESI) calcd for
C1¢H1:BrIN;O, [M*+Na']: 505.8972, found: 505.8951.

4.1.33 Methyl 3-(3-bromophenyl)-1-(4-iodophenyl)-1}2;4-
triazole-5-carboxylate (6n) and methyl 5-(3-bromopHet-(4-
iodophenyl)-1H-1,2,4-triazole-3-carboxylate (5mye prepared
from (3-bromobenzylidene-amino) acetic acigtthyl ester i)
(566 pumol, 150 mg) and tert-butyl 2-(4-
iodophenyl)azocarboxylatel€) (1.13 mmol, 375 mg) according
to general procedure GP 2. The crude product isestéy to
column chromatography (silica gel, dichloromethAathyl
acetate = 100:1) to give the title compoungis (147 pmol,
71.2 mg, 26%) anén (326 umol, 158 mg, 58%) as white solids.
Methyl  3-(3-bromophenyl)-1-(4-iodophenylHi1,2,4-triazole-
5-carboxylate  §n): R=0.8 (dichloromethane / ethyl
acetate = 100:1) (UV)'H NMR (600 MHz, CDCJ) & 3.97 (s,
3H), 7.26 (d,J=8.8Hz, 2 H), 7.33 (tJ=7.9 Hz, 1 H), 7.57
(ddd, J=1.4Hz, J=20Hz, J=79Hz, 1H), 7.87 (d,
J=8.8Hz, 2H), 8.10-8.12 (m, 1 H), 8.36 {t= 1.7 Hz, 1 H);
C NMR (91 MHz, CDCJ) § 53.4 (CH), 95.6 (G), 122.9 (Q),
125.3 (CH), 127.4 (2 x CH), 129.7 (CH), 130.2 (CH), 4#3T,),
133.1 (CH), 137.4 (g, 138.3 (2 x CH), 145.2 ({& 157.7 (Q),
161.1 (G); MS (ESI)m/z486 ['Br-M], 484 [°Br-M*]; HRMS
(ESI) calecd for GgH..BriN;O, [M*+Na']: 505.8972, found:
505.8962. Methyl 5-(3-bromophenyl)-1-(4-iodopherij-
1,2,4-triazole-3-carboxylate 54): R =05
(dichloromethane / ethyl ~acetate = 100:1) (UVJH NMR
(600 MHz, CDC}) 4 4.05 (s, 3H), 7.14 (d,=8.8 Hz, 2 H), 7.21
(t, J=7.9 Hz, 1 H), 7.30 (ddd,= 1.1 Hz,J = 1.7 Hz,J = 7.9 Hz,
1H), 7.59 (dddJ=1.1 Hz,J=2.0 Hz,J= 7.9 Hz, 1 H), 7.80 (d,
J=8.8 Hz, 2 H), 7.86 (dJ = 1.7 Hz, 1 H);"*C NMR (91 MHz,
CDCly) 8653.1 (CH), 95.5 (@), 123.0 (G), 126.9 (2 x CH),
127.3 (CH), 128.3 (g, 130.0 (CH), 132.2 (CH), 133.9 (CH),
136.9 (G), 138.9 (2 x CH), 154.1 (; 154.6 (Q), 160.1 (Q);
MS (ESI) m/z486 ['Br-MH"], 484 [°Br-MH']; HRMS (ESI)
calcd for GgH1:BrIN;O, [M*+Na']: 505.8972, found: 505.8959.

4.1.34 Methyl 3-(4-chlorophenyl)-1-(4-fluoro-2-mdghenyl)-
1H-1,2,4-triazole-5-carboxylate  (60) and methyl 5-(4
chlorophenyl)-1-(4-fluoro-2-methylphenyl)-1H-1,2r&role-3-
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338 mg) according to general procedure GP 2. Théecru
product is subjected to column chromatography cgiligel,
dichloromethane / ethyl acetate = 108+150:1) to give the title
compounds6o (234 pumol, 80.9 mg, 33%) anBlo (156 pmol,
53.9 mg, 22%) as pale yellow solids. Methyl 3-(4ecbphenyl)-
1-(4-fluoro-2-methylphenyl)-fi-1,2,4-triazole-5-carboxylate
(60): R = 0.8 (dichloromethane / ethyl acetate = 100:1) (UH)
NMR (360 MHz, CDC}) $ 2.10 (s, 3 H), 3.93 (s, 3 H), 7.02-7.06
(m, 1 H), 7.08-7.10 (m, 1 H), 7.27 (dd = 5.2 Hz,J = 8.7 Hz,
1H), 7.44 (d,J=8.8Hz, 2H), 8.14 (dJ=8.8Hz, 2 H):"*C
NMR (91 MHz, CDC}) 8 17.5 (d, Jor=1.5Hz, CH), 53.3
(CH,), 113.7 (d,Jer= 23.1 Hz, CH), 117.7 (dJcr = 22.8 Hz,
CH), 128.1 (2 x CH), 128.1 (§; 128.7 (d,Jcr= 9.4 Hz, CH),
129.0 (2 x CH), 133.3 (dcr = 3.2 Hz, ©), 136.1 (), 137.7 (d,
Jer=8.9 Hz, Q), 146.1 (@), 157.4 (), 161.6 (@), 163.2 (d,
Jer = 250.3 Hz, Q); MS (ESI) m/z348 ['CI-MH"], 346 [°CI-
MH™; HRMS (ESI) calcd for @HisCIFN;O, [M™+NaT:
368.0573, found: 368.0556. Methyl 5-(4-chlorophégiy(4-
fluoro-2-methylphenyl)-H-1,2,4-triazole-3-carboxylate  5¢):
R = 0.5 (dichloromethane /ethyl acetate = 100:1) (UVM
NMR (360 MHz, CDC}) 6 1.96 (s, 3 H), 4.06 (s, 3 H), 7.06 (d,
J=8.8Hz, 2H), 7.28-7.33 (m, 3 H),7.48 (@= 8.8 Hz, 2 H);
¥C NMR (91 MHz, CDC)) § 17.5 (d,Jcr = 1.5 Hz, CH), 53.0
(CHy), 114.5 (d,Jcg=23.1 Hz, CH), 118.3 (dJcr= 22.8 Hz,
CH), 129.2 (2 x CH), 129.3 (dlcr = 9.4 Hz, CH), 129.5 (.
129.5 (2 x CH), 132.9 (dr= 3.5 Hz, @), 137.3 (Q), 137.9 (d,
Jer= 8.9 Hz, @), 154.5 (Q), 155.5 (G), 160.2 (G), 163.3 (d,
Jer = 251.7 Hz, Q); MS (ESI) m/z348 ['CI-MH"], 346 [°CI-
MH™; HRMS (ESI) calcd for GHysCIFN;O, [M™+NaT:
368.0573, found: 368.0557.

4.1.35 3-(4-Chlorophenyl)-1-(2,4-dichlorophenyl)-1R,4-
triazole ) and methyl 5-(4-chlorophenyl)-1-(2,4-
dichlorophenyl)-1H-1,2,4-triazole-3-carboxylate I5p are
prepared from (4-chlorobenzylidene-amino) acetid anethyl
ester B8a) (236 umol, 50mg) and tert-butyl 2-(2,4-
dichlorophenyl)azocarboxylate 1€ (472 umol, 130 mg)
according to general procedure GP 2. The crude ptodu
subjected to  column  chromatography (silica  gel,
dichloromethane / ethyl acetate = 108+150:1) to give the title
compounds? (234 pumol, 80.9 mg, 32%) anfp (156 umol,

53.9mg, 40%) as white solids. 3-(4-Chloropheny(R4-
dichlorophenyl)-H-1,2,4-triazole 0: R =0.9
(dichloromethane / ethyl acetate = 100:1) (UVJH NMR

(600 MHz, CDCY) 6 7.42-7.45 (m, 3 H), 7.60 (d]=2.2 Hz,
1 H), 7.63 (dJ=8.6 Hz, 1 H), 8.12 (d] = 8.8 Hz, 2 H), 8.55 (s,
1 H); *C NMR (91 MHz, CDCJ) 6 127.9 (2 x CH), 128.3 (CH),
128.4 (CH), 128.7 (¢, 128.9 (2 x CH), 129.0 ({; 130.6 (CH),
133.5 (G), 135.6 (G), 135.7 (Q), 145.3 (G), 162.1 (Q); MS
(ESI) m/z328 P'Cl-*CI-MH"], 326 ['CI-**Cl,-MH*]; HRMS
(ESI) calcd for GHgClsNg [MH']: 323.9857, found: 323.9839.
Methyl 5-(4-chlorophenyl)-1-(2,4-dichlorophenylHi1,2,4-
triazole-3-carboxylate 5p): R =0.5 (dichloromethane / ethyl
acetate = 100:1) (UV)'H NMR (600 MHz, CDCJ) & 4.20 (s,
3 H), 7.49 (dJ=8.8 Hz, 2 H), 7.60 (dd] = 2.1 Hz,J = 8.5 Hz,
1H), 7.61-7.63 (m, 3H), 7.71 (d,= 2.1 Hz, 1 H);"*C NMR
(91 MHz, CDC}) §53.0 (CH), 124.7 (G), 128.6 (CH), 129.2
(2 x CH), 129.5 (2 x CH), 130.0 (CH), 130.8 (CH), 1389,
134.1 (G), 137.4 (G), 137.6 (G), 154.9 (G), 156.2 (G), 160.0
(C9: MS (ESI) m/iz383 [°CI-MH']; HRMS (ESI) calcd for
C1H10ClsN3O, [M¥+Na']: 403.9731, found: 403.9718.

4.1.36 Methyl 3-(4-chlorophenyl)-1-(4-(4-

carboxylate (50)re prepared from (4-chlorobenzylidene-amino)fluorophenoxy)phenyl)-1H-1,2,4-triazole-5-carboxglg6q) and

acetic acidmethyl ester3a) (709 pumol, 150 mg) antert-butyl
2-(4-fluoro-2-methylphenyl)azocarboxylate 1dj  (1.42 mmol,

methyl
1,2,4-triazole-3-carboxylate

5-(4-chlorophenyl)-1-(4-(4-fluorophenoxy)pyigiH-
(5q)are prepared from (4-



chlorobenzylidene-amino) acetic acid methyl este3a) (
(472 umol, 100 mg) andtert-Butyl 2-(4-(4-fluorophenoxy)-
phenyl)azocarboxylate1f) (945 pmol, 300 mg) according to
general procedure GP 2. The crude product is sagjetd
column chromatography (silica gel, dichloromethAathyl
acetate = 50:1> 20:1) to give the title compoundssq
(89.0 umol, 37.7 mg, 19%) arkt] (260 pmol, 110 mg, 55%) as
pale orange solids. Methyl 3-(4-chlorophenyl)-1¢44-
fluorophenoxy)phenyl)-Hi-1,2,4-triazole-5-carboxylate  64):
R = 0.6 (dichloromethane / ethyl acetate = 50:1) (U¥):NMR

(600 MHz, CDC}) 6 3.97 (s, 3 H), 7.05-7.11 (m, 6 H), 7.42-7.47 (dichloromethane / ethyl

(m, 4 H), 8.14 (dJ = 8.8 Hz, 2 H);*C NMR (91 MHz, CDCJ)
8 53.3 (CH), 116.7 (d,Jor = 23.4 Hz, 2 x CH), 117.7 (2 x CH),
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triazole-3-carboxylate  (5s) are prepared from (4-
chlorobenzylidene-amino) acetic acitertbutyl ester B8a)
(591 pmol, 150mg) and tert-butyl 2-(3-methoxy-4-
nitrophenyl)azocarboxylatel ) (1.18 mmol, 332 mg) according
to general procedure GP 2. The crude product isestdy to
column chromatography (silica gel, dichloromethAathyl
acetate = 100:1) to give the title compoun@s (142 pmol,
61.1 mg, 24%) ands (263 umol, 113 mg, 47%) as pale orange

solids. Tert-butyl 3-(4-chlorophenyl)-1-(3-methoxy-4-
nitrophenyl)-H-1,2,4-triazole-5-carboxylate 6¢: R =0.8
acetate = 100:1) (UVJH NMR

(600 MHz, CDC}) §1.52 (s, 9 H), 4.02 (s, 3H), 7.18 (dd,
J=2.1Hz,J=8.6 Hz, 1 H), 7.29 (dJ= 2.1 Hz, 1 H), 7.44 (d,

121.5 (d,Jer = 8.3 Hz, 2 x CH), 127.3 (2 x CH), 128.1 (2 x CH), J = 8.8 Hz, 2 H), 8.00 (dJ = 8.6 Hz, 1 H), 8.13 (dJ = 8.8 Hz,

128.2 (G), 128.9 (2 x CH), 132.5 (& 136.1 (G), 145.2 (G),
151.7 (d,dee=2.7 Hz, Q), 157.8 (G), 159.1 (G), 159.4 (d,
Jor = 243.2 Hz, @), 161.2 (G); MS (El) m/z423 (100) {*CI-
M*], 202 (13), 201 (93), 200 (22), 149 (11), 95 (190,(27), 75
(10), 63 (10); HRMS (EI) calcd for fH,<CIFN;O; [M]:
423.0786, found: 423.0785. Methyl 5-(4-chlorophériy(4-(4-
fluorophenoxy)phenyl)4i-1,2,4-triazole-3-carboxylate  54):
R = 0.3 (dichloromethane / ethyl acetate = 50:1) (U¥);NMR
(600 MHz, CDC}) § 4.04 (s, 3 H), 7.00 (d} = 9.0 Hz, 2 H), 7.03
(dd, Jye=4.5Hz, J=9.2Hz, 2H), 7.09 (ddJy = 8.0 Hz,
J=9.2Hz, 2 H), 7.32 (d) = 9.0 Hz, 2 H), 7.35 (dJ = 8.8 Hz,
2 H), 7.51 (d,J=8.8Hz, 2H);”C NMR (91 MHz, CDCJ)
852.9 (CH), 116.8 (d,Jcr = 23.5 Hz, 2 x CH), 118.2 (2 x CH),
121.5 (d,Jer=8.4 Hz, 2 x CH), 125.1 (f; 127.1 (2 x CH),
129.0 (2 x CH), 130.3 (2 x CH), 132.04JC137.0 (G), 151.4 (d,
Jor = 2.7 Hz, @), 154.2 (G), 154.6 (G), 159.1 (G), 159.5 (d,
Jor = 243.6 Hz, ), 160.2 (Q); MS (El)ym/z425 (24) f’CI-M],
424 (15) f°CI-MH*], 423 (62) f°CI-M"], 202 (14), 201 (100),
200 (14), 95 (17), 90 (18); HRMS (EI) calcd fo8,sCIFN;O3
[M™]: 423.0786, found: 423.0786.

4.1.37 3-(4-chlorophenyl)-1-(4-nitrophenyl)-1H-Y¥&riazole
(8) and methyl 5-(4-chlorophenyl)-1-(4-nitrophenyh-1,2,4-

triazole-3-carboxylate  (5r) are prepared from  (4-
chlorobenzylidene-amino) acetic acidnethyl ester 3a)
(238 pumol, 60.0 mg) and tert-butyl 2-(4-

nitrophenyl)azocarboxylateld) (566 pmol, 142 mg) according
to general procedure GP 2. The crude product isestdy to
column chromatography (silica gel, dichloromethAathyl
acetate = 50:1) to give the title compoun8s (48.1 pmol,

14.5 mg, 17%) anér (90.6 umol, 32.5 mg, 32%) as an orange(thiophen-2-yl)-H-1,2,4-triazole-5-carboxylate (12):

solid. 3-(4-chlorophenyl)-1-(4-nitrophenylHt1,2,4-triazole §):
R: = 0.5 (dichloromethane / ethyl acetate = 50:1) (U¥);NMR
(600 MHz, CDCJ) & (ppm) = 7.47 (dJ = 8.7 Hz, 2 H), 7.97 (d,
J=9.2Hz, 2H), 8.15 (d)=8.7 Hz, 2 H), 8.42 (dJ = 9.2 Hz,
2 H), 8.71 (s, 1 H). Methyl 5-(4-chlorophenyl)-1-(#raphenyl)-
1H-1,2,4-triazole-3-carboxylate 5(): R=0.3
(dichloromethane / ethyl acetate = 50:1) (UV)'H NMR
(600 MHz, CDCY}) 4 4.06 (s, 3 H), 7.39 (d,= 8.8 Hz, 2 H), 7.46
(d, J=8.8Hz, 2H), 761 (d,J=9.1Hz, 2H), 832 (d,
J=9.2 Hz, 2 H)*C NMR (91 MHz, CDC]J) § 53.2 (CH), 124.6
(Cy. 125.1 (2 x CH), 125.9 (2 x CH), 129.5 (2 x CH), #30
(2 x CH), 137.9 (@, 141.9 (@), 147.9 (@), 155.1 (@), 155.1
(Cy), 159.8 (Q); MS (El) m/z360 (35) {'CI-M*], 359 (19)

2 H); **C NMR (91 MHz, CDC)) § 27.8 (3 x CH), 57.0 (CH),
85.5 (G), 111.3 (CH), 117.3 (CH), 126.2 (CH), 127.9)XQ28.1
(2 x CH), 129.0 (2 x CH), 136.4 {C 139.6 (), 142.3 (Q),
147.1 (G), 153.4 (G), 156.3 (G), 161.6 (G); MS (ESI)m/z433
[¥CI-MH"], 431 [°CI-MH'], 333 P'CI-MH*-Boc], 331 f°CI-
MH*-Boc]; HRMS (ESI) calcd for (§H1sCIN4Os), [M™+Na']:
883.1980, found: 883.198Fert-butyl 5-(4-chlorophenyl)-1-(3-
methoxy-4-nitrophenyl)-H-1,2,4-triazole-3-carboxylate  5¢):
R = 0.5 (dichloromethane / ethyl acetate = 100:1) (UVMH
NMR (600 MHz, CDC}) & 1.67 (s, 9 H), 3.92 (s, 3 H), 6.92 (dd,
J=2.1Hz,J=8.7Hz, 1 H), 7.25 (dJ=2.1 Hz, 1 H), 7.40 (d,
J=8.7Hz, 2H), 7.49 (d)=8.7 Hz, 2 H), 7.87 (dJ = 8.7 Hz,
1 H); *C NMR (91 MHz, CDCJ) § 28.1 (3 x CH), 57.0 (CH),
83.8 (), 110.6 (CH), 116.6 (CH), 125.1 {;126.7 (CH), 129.3
(2 x CH), 130.5 (2 x CH), 137.6 {C 139.4 (Q), 141.6 (Q),
153.8 (G), 154.7 (G), 156.2 (G), 158.7 (G); MS (ESI)m/z433
[¥CI-MHY, 431 [°CI-MH']; HRMS (ESI) calcd for
(C0H1sCIN,Os), [M*+Na']: 883.1980, found: 883.1972.

4.1.39 Methyl 1-(4-bromophenyl)-3-(thiophen-2-yl)-1}2,4-
triazole-5-carboxylate (12) and methyl 1-(4-bromopHkeb-
(thiophen-2-yl)-1H-1,2,4-triazole-3-carboxylate jlre prepared
from  methyl-2-((thiophen-2-yImethylene)amino)acetat (10)
(546 pmol, 100 mg) and tert-butyl 2-(4-
bromophenyl)azocarboxylate 1k) (1.09 mmol, 310 mg)
according to general procedure GP 2. The crude ptodu
subjected to column  chromatography (silica  gel,
dichloromethane / ethyl acetate = 100:1) to givee thitle
compounds12 (131 umol, 47.7 mg, 24%) antil (278 pmol,
101 mg, 51%) as white solids. Methyl 1-(4-bromopHhEeBy
R=0.8
(dichloromethane / ethyl acetate = 100:1) (UVJH NMR
(360 MHz, CDC}) 53.96 (s, 3H), 7.13 (ddJ=3.7Hz,
J=5.0Hz, 1 H), 7.40 (d)=8.9 Hz, 2 H), 7.41 (dd] = 1.2 Hz,
J=5.0Hz, 1 H), 7.65 (d)=8.9 Hz, 2 H), 7.83 (dd] = 1.2 Hz,
J=3.7 Hz, 1 H)}*C NMR (91 MHz, CDC})  53.4 (CH), 123.9
(Cy), 127.4 (2 x CH), 127.6 (CH), 127.7 (CH), 127.8 (C152.0
(Cy). 132.2 (2 x CH), 136.6 (f; 144.9 (), 157.6 (G), 158.6
(Cy; MS (ESI)y m/z366 f'Br-MH'], 364 [*Br-MH']; HRMS
(ESI) calcd for GH;BrN;O,S [MH]: 363.9749, found:
363.9741. Methyl 1-(4-bromophenyl)-5-(thiophen-2-1H-
1,2,4-triazole-3-carboxylate 1D): R =05
(dichloromethane / ethyl acetate = 100:1) (UVJH NMR
(360 MHz, CDC}) §4.04 (s, 3H), 7.01 (ddJ=3.8Hz,

[MH], 358 (100) f°CI-M*], 221 (72), 137 (10), 136 (29), 111 J=5.1Hz, 1 H), 7.23 (dd] = 1.2 Hz,J = 3.8 Hz, 1 H), 7.37 (d,

(10), 90 (52), 89 (18), 80 (14), 76 (18), 75 (18),(11), 63 (29),
59 (50), 50 (12), 39 (15), 30 (52), 28 (11); HRMS) (&lcd for
C1¢H1:CIN,O, [M™]: 358.0469, found: 358.0470.

4.1.38 Tert-butyl
nitrophenyl)-1H-1,2 4-triazole-5-carboxylate (6shda tert-butyl
5-(4-chlorophenyl)-1-(3-methoxy-4-nitrophenyl)-1+H-4-

J=8.8Hz, 2 H), 7.45 (dd] = 1.2 Hz,J= 5.1 Hz, 1 H), 7.68 (d,
J=8.8 Hz, 2 H)*C NMR (91 MHz, CDCJ) § 52.9 (CH), 124.7
(Cy, 127.6 (G), 127.7 (CH), 128.1 (2 x CH), 130.0 (CH), 130.2
(CH), 132.9 (2 x CH), 136.0 (f 151.3 (G), 154.3 (), 160.0

3-(4-chlorophenyl)-1-(3-methoxy-4- (C,); MS (ESI) m/z366 f'Br-MH’], 364 [*Br-MH']; HRMS

(ESI) calcd for GH,BrN;O,S [MH']: 363.9749, found:
363.9754.



4.1.40 3-(4-Chlorophenyl)-1-(4-fluorophenyl)-1H-12
triazole (9) A solution of methyl 3-(4-chlorophenyl)-1-(4-
fluorophenyl)-H-1,2,4-triazole-5-carboxylate 6§ (19.6 umol,
6.50 mg) in acetonitrile (1.0 mL) and is treatedhwibncentrated
hydrochloric acid (2.0 mL) and heated to reflux four hours at
80° C. After cooling to room temperature water (210 nis
added. The composite is extracted with diethyl efBer 15 mL).

13
under nitrogen is cooled to -15°C and treated wiitB-
diazabicyclo[5.4.0Jundec-7-ene (200 pmol, 30.0 jahy stirred
for 45 minutes. Tertbutyl 2-(3-methoxy-4-nitrophenyl)-
azocarboxylate 1h) (400 umol, 113 mg) is added and the
reaction is stirred for 30 minutes. Manganese di@XB00 pmol,
70 mg) is added, the cooling is removed and thetima is
stired for four hours at ambient air. Trifluorotice acid
(4.00 mmol, 300 pL) is added and the reactioniisest for one

The combined organic phases are washed with a sadurathour. After addition of a saturated aqueous satutibpotassium

aqueous solution of sodium chloride and dried osedium
sulfate. The title compoun® is identified as a white solid
(19.6 umol, 5.40 mggquant): R = 0.5 (dichloromethane / ethyl
acetate = 50:1) (UV)!H NMR (600 MHz, CDCJ) & 7.22 (dd,
Jur=8.0Hz,J=9.0 Hz, 2 H), 7.44 (dJ=8.5Hz, 2H), 7.71
(dd, Jyr=4.6 Hz,J=9.0 Hz, 2 H), 8.12 (dJ=8.5Hz, 2 H),
851 (s, 1H); ®C NMR (91 MHz, CDC)) §116.7 (d,
Jog = 23.2 Hz, 2 x CH), 121.9 (dlcr= 8.5 Hz, 2 x CH), 125.5
(Cy, 127.8 (2 x CH), 128.9 (2 x CH), 129.0 jJC133.3 (d,
Jer = 3.1 Hz, G), 135.6 (G), 141.6 (d,Jcr = 1.6 Hz, CH), 162.0
(d, Jcr = 248.6 Hz, @).

4.1.41 Methyl (E)-N-[(tert-butyl)methylene]glycinat@d 3) is

prepared from glycine ethyl ester hydrochloride745mmol,

721 mg) and pivaldehyde (4.59 mmol, 500 pL) accadio

general procedure GP 1. The title compo8ds identified as a
colorless  oil 4.22mmol, 664 mg, 92%): R=0.2

(chloroform / methanol = 20:1) (KMnf) 'H NMR (360 MHz,

CDCly) 8 1.11 (s, 9 H), 3.74 (s, 3 H), 4.16 @= 1.1 Hz, 2 H),
7.56 (t,J=1.2 Hz, 1 H).

4,142 1-(tert-Butyl) 5-methyl  2-(4-bromophenyl)-8At
butyl)-2,3-dihydro-1H-1,2,4-triazole-1,5-dicarboay (14) and
methyl 1-(4-bromophenyl)-5-(tert-butyl)-1H-1,2,4-adde-3-
carboxylate (15) are prepared from methyl EX-N-[(tert-
butyl)methylene]glycinate 13) (636 pmol, 100 mg) andert-
butyl 2-(4-bromophenyl)azocarboxylate 1b) (1.27 mmol,
362 mg) according to general procedure GP 2. Theecpuoduct
is subjected to column chromatography (silica
dichloromethane / ethyl acetate = 108+120:1) to give the title
compounds14 (290 pmol, 128 mg, 46%) antl5 (69.9 pmol,
23.7 mg, 11%) as pale brown solids.tdrfButyl) 5-methyl 2-
(4-bromophenyl)-34ért-butyl)-2,3-dihydro-H-1,2,4-triazole-
1,5-dicarboxylate 14): R =0.3 (dichloromethane / ethyl
acetate = 100:1) (UV):H NMR (360 MHz, CDCJ)) 5 0.94 (s,
9H), 1.46 (s, 9H), 3.89 (s, 3H), 557 (s, 1H), 707
J=9.0 Hz, 2 H), 7.44 (dJ = 9.0 Hz, 2 H);"*C NMR (91 MHz,
CDCl) 8 25.4 (3 x CH), 28.1 (3 x CH), 35.8 (CH), 53.5 (C}H),
83.3 (@), 94.0 (), 118.9 (), 123.1 (2 x CH), 131.9 (2 x CH),
141.9 (G), 150.5 ((%), 158.5 (G), 159.5 (G); MS (ESI)m/z442
[¥'Br-MH™], 384 ['Br-M*-C(CHy)s]; HRMS (ESI) calcd for
CyeH,eBIN;O, [MH™]: 440.1180, found: 440.1173. Methyl 1-(4-
bromophenyl)-54¢rt-butyl)-1H-1,2,4-triazole-3-carboxylate

(15): R; = 0.4 (dichloromethane / ethyl acetate = 100:1) (UM)
NMR (600 MHz, CDCJ) § 1.45 (s, 9 H), 3.92 (s, 3 H), 7.35 (d,
J=8.8Hz, 2 H), 7.63 (d) = 8.8 Hz, 2 H);"*C NMR (91 MHz,
CDCl;) 8 29.5 (3 x CH)), 53.2 (CH), 85.3 (G), 123.5 (@), 127.3
(2 x CH), 132.1 (2 x CH), 137.0 { 144.4 (Q), 158.1 (GQ),
172.4 (Q); MS (ESI) m/z340 f'Br-MH"], 338 [*Br-MH;
HRMS (ESI) calcd for gH;¢BrN;O, [MH"]: 338.0492, found:
338.0499.

Description of competition experiments (Scheme 4)
Experiment (1): A mixture of (4-chlorobenzylideneamjacetic
acid tert-butyl ester 8c) (200 pmol, 50.0 mg, from GP 1tgrt-
butyl 2-(4-bromophenyl)azocarboxylatkb] (400 pmol, 114 mg)
and molecular sieve (4 A, 200 mg) in dry acetomit(i2.5 mL)

carbonate (40 mL), the mixture is filtered and tleetracted with
dichloromethane (4 x 30 mL). The combined orgariages are
washed with a saturated aqueous solution of sodiuloride
(20 mL) and dried over sodium sulfate. The triagoki
(98.0 umol, 42.3 mg, 49%) asdl (26.0 pumol, 11.2 mg, 13%) are
determined with an internal standard 1,3,5-trimeyhaxzene.
The 1,2,4-triazoleSs and6s cannot be identified.

Experiment (2): A mixture of (4-chlorobenzylideneamjiacetic
acid tert-butyl ester 8c) (200 pmol, 50.0 mg, from GP 1tgrt-
butyl 2-(3-methoxy-4-nitrophenyl)-azocarboxylate  1hY
(400 pmol, 113 mg) and molecular sieve (4 A, 200 ingjiry
acetonitrile (2.5 mL) under nitrogen is cooled t5~°C and
treated with 1,8-diazabicyclo[5.4.0lundec-7-ene (R@fDoI,
30.0pL) and stirred for 45 minutesTertbutyl 2-(4-
bromophenyl)azocarboxylatéd i) (400 pumol, 114 mg) is added
and the reaction is stirred for 30 minutes. Mangandioxide
(800 umol, 70 mg) is added, the cooling is remoeed the
reaction is stirred for four hours at ambient dirfluoroacetic
acid (4.00 mmol, 300 pL) is added and the readsostirred for
one hour. After addition of a saturated aqueous tisoluof
potassium carbonate (40 mL), the mixture is fidend then
extracted with dichloromethane (4 x 30 mL). The comad
organic phases are washed with a saturated aquelti®rs®f
sodium chloride (20 mL) and dried over sodium delfarhe
triazoles 5s (112 umol, 48.3 mg, 56%) anés (43.2 umol,
18.6 mg, 22%) are determined with an internal stahda3,5-
trimethoxybenzene. The 1,2,4-triazol& and 6i cannot be

gel,identified.

Experiment (3): A mixture of (4-fluorobenzylideneimm)acetic
acid methyl ester3f) (256 pmol, 50.0 mg, from GP 1ert-
butyl 2-(4-bromophenyl)azocarboxylatkb] (512 pmol, 146 mg)
and molecular sieve (4 A, 200 mg) in dry acetomitf2 mL)
under nitrogen is cooled to -15°C and treated witi8-
diazabicyclo[5.4.0Jundec-7-ene (256 pumol, 40.0 jahy stirred
for 45 minutes. Diethyl azodicarboxylate (512 um223 pL,
40% in toluene) is added and the reaction is stifer 30
minutes. Manganese dioxide (1.02 mmol, 88.7 mgiided, the
cooling is removed and the reaction is stirredftarr hours at
ambient air. Trifluoroacetic acid (5.12 mmol, 400 s added
and the reaction is stirred for one hour. After #ddi of a
saturated aqueous solution of potassium carbod&en(), the
mixture is filtered and then extracted with dichimethane
(4 x 30 mL). The combined organic phases are was¥itd a
saturated aqueous solution of sodium chloride (2Pand dried
over sodium sulfate. The triazoléh (128 pmol, 48.2 mg, 50%)
and 6h (38.4 umol, 14.4 mg, 15%) are determined with an
internal standard 1,3,5-trimethoxybenzene. 1,2idzbtines
cannot be identified in the crudd-NMR.

Experiment (4): A mixture of (4-fluorobenzylideneiam)acetic
acid methyl ester3h) (256 pmol, 50 mg, from GP Ifert-butyl
2-(4-bromophenyl)azocarboxylatelh) (512 pmol, 146 mg),
diethyl azodicarboxylate (512 pmol, 223 uL, 40%aluene) and
molecular sieve (4 A, 200 mg) in dry acetonitrilen2) under
nitrogen is cooled to -15°C and treated with 1,8-



diazabicyclo[5.4.0Jundec-7-ene (265 pmol, 40.0 aby stirred
for 45 minutes. Manganese dioxide (1.02 mmol, ™) is
added, the cooling is removed and the reactiotiried for four
hours at ambient air. Trifluoroacetic acid (5.12 ohnd00 pL) is
added and the reaction is stirred for one hour.rAdtilition of a
saturated aqueous solution of potassium carbod&en(), the
mixture is filtered and then extracted with dichimethane
(4 x 30 mL). The combined organic phases are was¥itd a
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NMR spectra images of 1,2,4-triazoles
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