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Protected pyridylhydrazine derivatives were prepared in a one-step palladium-catalyzed amination reaction using chelating phosphine ligands.
2-Pyridyl chlorides, bromides, and triflates were effective electrophiles in these reactions. Di-tert-butyl hydrazodiformate was an excellent
hydrazine substrate, and the resulting products were deprotected under mild conditions. Catalytic amination provides a direct route to protected
bifunctional hydrazinopyridine linkers that are suitable for metal-bioconjugate syntheses.

Hydrazinopyridines are important compounds for the syn- also generate the powerful reducing agent diimide, which
thesis of triazines and substituted pyridines as agrochemicalsapidly reduces alkenes and alkyd@sOur interest in
and pharmaceuticals? 2-Pyridylhydrazines are particularly  rhenium- and technetium-labeled biomolecules as potential
interesting synthetic targets as a result of their efficiency as radiopharmaceuticals'®> led us to investigate metal-
ligands for a variety of metal complexes and potential catalyzed amination as a possible alternative method for
applications in nuclear medicirte? Direct displacement of  preparing protected 2-pyridylhydrazine derivatives that would
2-chloropyridines with hydrazine hydrate has been used for be compatible with multistep syntheses. Catalytic amination
the synthesis of 2-pyridylhydrazine derivatives, and typical of aryl halides and sulfonates has become an important
reaction conditions involve heating in highly corrosive, method for preparing anilines and other arylamitfes:
concentrated 85% hydrazine hydrété! These conditions
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Chelating phosphine ligands enable Pd-catalyzet®ond
formation of bromopyridines with alkyl and arylamin®s,
and sterically hindered monodentate biphenylphosphine
ligands are useful for coupling chloropyridin®sOther
examples of halopyridyl aminations catalyzed by¥# and
Ni®2-37 have been reported. There are relatively few examples
of catalytic amination reactions with hydrazine derivatives.
The palladium-catalyzed amination of aryl halides with
benzophenone hydrazotdas recently been reportéfe-+°

The protected hydrazintert-butylcarbazat@ has also been
used as a substrate for Pd-catalyzed aminafibhterein,

Table 1. Coupling of 2-Pyridyl Systems witth?
R

we present the results of a comprehensive investigation of
the catalytic amination of 2-pyridyl chlorides, bromides, and
triflates with hydrazine substrated,—3, and provide a
convenient general methodology for the synthesis of pro-
tected 2-hydrazinopyridine derivatives.
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4a-f 1 Sa-d
time yield
entry R X product® () (%)
1 H Cl, 4a 5a 16 70
2 H Br, 4b 5a 8 95
3 Br Br, 4c 5b 6 80
4 C02C5C|5 Cl, 4d 5c 14 42
5 H OTf, 4e 5a 16 62
6 CO,C2Hs OTf, 4f 5d 16 72

a All reactions were run with 2 mol % of Pd(OAg)2 mol % of BINAP,
0.8 equiv ofl, 1.4 equiv of Na @u, and 1 equiv of pyridine derivative,
at 100°C with 2 mL of toluene for 1 mM substraté All products were
characterized by'H and 13C NMR and HRMS spectroscopy methods.
¢ Yields of isolated product.

The standard conditioffs*° for the N-arylation ofl using
2 mol % Pd(OAc), 2 mol % of the chelating ligand 2;2
bis(diphenylphosphandanyl)-1,1'-binaphthyl (BINAP), and
sodium tert-butoxide base in toluene were used for the
pyridyl substrateda—f as shown in Table 1. The hydrazone
1 was used as the limiting reagent to facilitate chromato-
graphic purification of the producta—d. 2-Chloropyridine
4a was an effective substrate under these conditions. The
reaction with 2-bromopyridinetb was faster and gave
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improved yields, paralleling the normal relative reactivity
of aryl halides. Changing the chelating ligand from BINAP
to 1,1'-bis(diphenylphosphanyl) ferrocene (DPPF) in these
cases resulted in significantly lower yields. The yields were
also lower when Pddba} was used as catalyst precursor.
No reaction occurred using the catalytic system Ni(C®D)
DPPF/NaCBu.?? Selective amination of the 2-position was
observed for the Pd/BINAP-catalyzed reaction of 2,5-
dibromopyridine4c with 1 in very good yield.

Activated ester derivatives of 6-hydrazidonicotinic acid
are used as bifunctional labeling agents and are important
synthetic compounds?® The Pd/BINAP-catalyzed amination
of pentachlorophenyl ester analogde with 1 gave a
moderate yield of the desired compoubd. We were
interested in the possible catalytic amination of pyridyl
triflates, since these compounds can be easily prepared from
the hydroxypyridine® and aryl triflates have been shown
to be effective substrates for Pd-catalyzed amination with
anilines and alkylamine8:46 The direct coupling of pyridyl
triflates with amines is knowf’4® however, we observed
no direct reaction betweehand4e after heating a toluene
solution at 100°C for 24 h. The pyridyl triflatede was
converted to the hydrazorga by the Pd/BINAP catalyst.
The yield of5a from the triflate4e was lower than that of
the halogenated substrates but comparable to the amination
of aryl triflates catalyzed by Pd(OAZBINAP.* The 2-
pyridyl triflates were stable under the basic reaction condi-
tions, no competing cleavage to hydroxypyridine was
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observed, and excess starting material was recovered at th

end of the reaction. The presence of an ethyl ester substituent . 5 Coupling of 2-Pyridyl Systems witB2

in the 5-postiordf resulted in a mild activation and improved
the yield of the hydrazone produd&d. The proposed
mechanistic model for N-arylation involves oxidative addi-
tion as the rate-determining st&Coordination of pyridine
has been shown to inhibit the Pd(0)/P(o-topdpatalyzed
amination of aryl bromides but does not displace bisphos-
phines?* The electron-withdrawing ester substituent de-
creases the ligating ability of the pyridine further to enhance
the rate of oxidative addition and also is expected to facilitate
the subsequent reductive elimination that produces this C
bond.

Scheme 1. Coupling of 2-Bromopyridinetb with 2
1. 2,Pdy(dba)s, DPPF

| X Cs,CO;3, Toluene | x
N”“Br  2.20% HCI-EtOH N” NH
45% (Overall) " 'L
ab 6 °

Electron-deficient aryl bromides and 4-nitro-2-bromo-
pyridine have been shown to undergo Pd/DPPF amination
with the protected hydrazine derivativert-butylcarbazate
241 We observed that 2-bromopyridine was coupled With
using 8 mol % Pgldba), 12 mol % DPPF, and GEO; in
toluene. The N-pyridyl products underwent decomposition
during attempted purification by silica gel chromatography.
2-Hydrazinopyridines was obtained in an overall yield of
45% from 2-bromopyridinetb by hydrolysis of the crude
reaction mixture using 20% HCI/EtOH, followed by neu-
tralization and extraction with ether. No reaction2vith

2-bromopyridine was observed using the catalytic system Pd-

(OAC)/BINAP/NaOBuU that was effective with the hydra-
zonel, and no reaction occurred using Ni catalysts with
various chelating ligand®.37

The limited success we observed for coupling pyridyl
substrates witl2 led us to investigate the possibility of Pd-
catalyzed amination using the symmetrical hydrazine deriva-
tive di-tert-butyl hydrazodiformat&, Table 2.

Catalytic N-arylations with protected amines such as
carbamates have generally been diffiééfand no examples
of catalytic C-N bond formation usin@ have been reported.
Using 2 mol % Pd(dba)/3 mol % DPPF/C£0; in toluene,
the reaction of 2-chloropyridine was very slow (entry 1).

Increasing the catalyst to 8% decreased the reaction time

and improved the yield significantly (entry 2). The more
reactive 2-bromopyridine gave good yields using42mol

% Pd; however, the optimum results were obtained using 8
mol % of Pd (entry 5). 2,5-Dibromopyridingc underwent
selective coupling at the 2-position to produde in high
yield. The Pd/BINAP catalyst used for the synthesis of
hydrazoneba—d was not successful wit.
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Cs,C0;4, Toluene | O-C(CHgls
YO C(CHg)3
7a-d o

Pd/DPPF  time yieldP¢

entry R X (mol %) (h) (%)
1 H Cl, 4a 2/3 16 7a, 30
2 H Cl, 4a 8/12 16 7a,70
3 H Br, 4b 2/3 16 7a, 61
4 H Br, 4b 4/6 8 7a, 61
5 H Br,4b 8/12 8 7a, 85
6 Br Br, 4c 2/3 10 7b, 73
7 Br Br, 4c 8/12 6 7b, 85
8 CO,C4Cls Cl, 4d 8/12 14 7c, 45

9 H OTf, 4e 8/12 16 7a,0
10 CO,C,Hs OTf, 4f 8/12 16 7d, 57

a All reactions were run with specified mol % Pd/DPPF, 0.8 equi@,of
1 equiv of CgCO;, and 1 equiv of pyridine derivative at 10€ with 2 mL
of toluene for 1 mM substraté.All products were characterized B
and 13C NMR and HRMS spectroscopy method¥ields of isolated
product.

The pentachlorophenyl ester derivative of 2-chloropyridine
4d was coupled with3 by Pd/DPPF to producé&c in
moderate yield. The unactivated pyridyl triflade did not
react under these conditions. Efforts to couple this substrate
using the catalyst ligand combination Pd(OA@:-biphenyl)-
PCy, which is effective for aryl triflated? were also
unsuccessful. The introduction of an ethyl ester improved
the reactivity of the pyridyl triflated4f, such that7d was
formed in moderate yield using Pd/DPPF.

Scheme 2. Hydrolysis of the'BOC-Protected Hydrazinéb

Br Br

P >
20% HCI-EtOH
o
N "N 70-C(CHy), ——— N
- Cl
HN\H/O ClCHa)s HaN  2HCI
7b © 8

These results demonstrate that Pd-catalyzed aminations
with 1 and 3 are efficient methods for the preparation of
protected hydrazone artdrt-butyl carbamate'8OC) pro-
tected hydrazine derivatives. To determine the relative ease
of deprotection, we treatésh and7b with 20% HCI/EtOH.
Under these conditions, tHBOC protecting groups ofb
were completely hydrolyzed to furnish hydrazine dihydro-
chloride salt8 in 75% yield. In contrast, the hydrazosé
was stable under these conditions.
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variety of hydrazines via catalytic amination. The hydrolysis
of the'BOC protecting groups ifia—d is considerably easier
0 than for the hydrazone derivativésa—d. The catalytic

Br | X 0 oj\(j 0 amination of pyridyl electrophiles witB provides a direct
| . . . . g .
N NJJ\O_C(CHG)S CeClg 7 '?‘J\O' C(CHy): route to prptected blfunctlonal hydra;mopyndme link&ls
HN__O-C(CHa)s HN. _O-C(CHa)s and7c, which are suitable for metal-bioconjugate syntheses.
7b \fg 7e 701/ Efforts to further utilize these derivatives for the synthesis

of radiopharmaceuticals are currently in progress.
Figure 1. Protected bifunctional hydrazinopyridines.
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