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Abstract: New reactions that convert alcohols into
important classes of compounds are becoming
increasingly important as their development contrib-
utes to the conservation of our fossil carbon feedstock
and the reduction of CO, emissions. Two key catalytic
alcohol conversion concepts are borrowing hydrogen
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pyridines that we describe in this paper have been
synthesized for the first time, emphasizing the degree
of innovation of this method and the problems
associated with the synthesis of such meta-functional-
ized pyridines.

The development of novel reactions that convert alcohols
into important organic compounds can be viewed as a con-
tribution to a new approach to sustainable chemistry in which
finite fossil resources are saved for future generations and
CO, emissions are reduced.! Such novel reactions are
especially appealing if existing synthetic methods are signifi-
cantly extended. An elegant concept is the borrowing hydro-
gen (BH) or hydrogen autotransfer (HA) approach (Sche-
me 1 A), which permits the conversion of alcohols into amines
and has been intensively studied.* Related to this is the
combination of catalytic dehydrogenation and condensation
in acceptorless dehydrogenative condensation (ADC), which
enables the synthesis of aromatic N-heterocyclic compounds
from alcohols.[*!

We have contributed to the development of both con-
cepts!"*°l and herein report on the synthesis of 3-amino-
pyridines by combining BH/HA and ADC. Diols are catalyti-
cally reacted with amines to form B-amino alcohols, which
then underwent a highly selective dehydrogenative hetero-
condensation with y-amino alcohols. The key to success is the
selective heterocondensation to avoid the homocoupling of
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Scheme 1. Top: A) Borrowing hydrogen (BH/HA) concept and B) acceptorless
dehydrogenative condensation (ADC). X=CH, N; [M]=transition-metal catalyst.
Bottom: Synthesis of meta-functionalized pyridines described in this work.

the two amino alcohol building blocks. Iridium catalysts
stabilized by PN;P pincer ligands that were developed in our
laboratory mediate this reaction selectively and most effi-
ciently.”! The problems associated with the synthesis of 3-
aminopyridines”! and the degree of novelty of the catalytic
synthesis discussed here are also expressed by the fact that all
examples that we have catalytically synthesized are novel
compounds. The privileged pyridine motif is found in many
natural products, bioactive molecules, agrochemicals, phar-
maceuticals, and functional materials.® Consequently, the
synthesis of pyridine derivatives is of high interest.”)

First, we were interested in the synthesis of different f3-
amino alcohols by alkylation of amines with 1,2-diols
(Scheme 1, BH/HA step). The selective alkylation of amines
with 1,2-diols is a challenging reaction itself, and only a few
methods have been described thus far."!% To optimize the
reaction conditions, we investigated the reaction of aniline
with butane-1,2-diol (Table 1). Solvent screening revealed
that diglyme is the optimal solvent. Adjusting the aniline/
butane-1,2-diol ratio to 1:3 led to the best yield of the desired
amino alcohol 1a. Furthermore, we observed that a reaction
temperature of at least 130°C was required. A catalyst
screening with 0.2 mol % of the complexes shown in Table 1
in the presence of KOBu (2 equiv) was carried out next.
Complexes D (93 % yield) and E (86 % yield) were found to
be the most active precatalysts in the test reaction. With
optimized reaction conditions for the amino alcohol synthesis
in hand, we used this method to synthesize seven [-amino
alcohols (see the Supporting Information, Table S8, 1a—g).
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Table 1: Model reactions and precatalyst screening for the synthesis of 3-
amino alcohols® and 3-aminopyridines.®!

HO NH,

OH
HO + 2a

OH H
[Irl/ KOBu [Ir]/ NaO'Bu

H
+ —_— N\)\/4> N X
©\ -H,0 ©/ -2H,0,-3 Hy |N/
NH, 1a 3a

Precat. Yield Ta [%]1 Yield 3a [%]1
1 A 78 61
2 B 85 58
3 C 78 47
4 D 93 76
5 E 86 90

[a] Reaction conditions: Aniline (100.0 mmol, 1.0 equiv), butane-1,2-diol
(3.0 equiv), KO'Bu (2.0 equiv), [Ir] (0.2 mol %), diglyme (3 mL), 20 h,
130°C. [b] Reaction conditions: 1a (4.0 equiv), 2a (3.0 mmol, 1.0 equiv),
NaO'Bu (1.0 equiv), [Ir] (3.0 mol %), THF (15.0 mL), 24 h/90°C, 24 h/
130°C. [c] Yield determined by GC analysis with dodecane as the internal
standard.

R
x*x
A A: X=CH, R=H
AN N “,‘A B: X=CH, R=CHj
PR C: X=N, R=CH,
% D: X=N, R=CqHs
E: X=N, R=CgHy-p-CF3

Next, we investigated the reaction of the resultant N-
substituted f-amino alcohols 1 with y-amino alcohols
(Scheme 1, ADC step). The synthesis of 3-aminopyridine 3a
from 1-(phenylamino)butan-2-ol (1a) and 3-amino-3-phenyl-
propan-1-ol (2a) was chosen as the model reaction (Table 1).
Screening tridentate PN, ;P ligand stabilized iridium com-
plexes (Table 1) as precatalysts indicated good conversions
for D, the complex that was identified as the most efficient
precatalyst in the BH/HA step for the synthesis of -amino
alcohols. However, the highest yield of 3a was achieved using
precatalyst E (Table 1, entry 5). Both precatalysts are based
on a triazine motif and an aryl substituent at the triazine. In
the case of E, the additional electron-withdrawing group
(-CF;) in para position seems to be beneficial. The optimal
precatalyst loading was found to be 3.0 mol % .Adjusting the
1a/2a ratio to 4:1, the nature and the amount of the base
(NaO'Bu, 1.0 equiv), the solvent (THF), and the reaction
temperature (24 h at 90°C followed by an additional 24 h at
130°C) gave rise to nearly quantitative formation of 3-
aminopyridine 3a. The two-step procedure is needed to
complete the dehydrogenation. A noticed side reaction was
the deamination of the products, which takes place at higher
base loadings. An increase in the amount of base can thus lead
to complete deamination, giving rise to the corresponding
pyridine motif (2-ethyl-6-phenylpyridine) and aniline (see
Figure S6).Finally, we examined the scope of our new 3-
aminopyridine synthesis. Varying the substituents in 2- and 3-
position of the y-amino alcohol led to compounds 3a-g
(Table 2, entries 1-7). Phenyl, chlorophenyl, and dimethox-
yphenyl substituents were well tolerated. Compounds 3a,c,d,
and g were isolated in very good yields, and 3b (entry 2) was
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Table 2: Synthesis of 3-aminopyridines 3 a—g through variation of the y-
amino alcohol !

OH NH. A
H 2 4 H =y
NJ\/ s E /NaO'Bu N~ ~RY
. R OH ————— ‘
4 -2 Hy0, -
R -3H, N TR%
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H
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H
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|
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“ N 32
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NH,
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o
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[a] Reaction conditions: 1a (4.0 equiv), y-amino alcohol (3.0 mmol,

1.0 equiv), NaO*Bu (1.0 equiv), E (3.0 mol %), THF (15 mL), 24 h/90°C,
24 h/130°C. [b] Yield of isolated product. [c] Yield determined by GC
analysis with dodecane as the internal standard. [d] E (5.0 mol %).

wv

isolated in slightly lower yield owing to dehalogenation.
Commercially available  3-aminopropan-1-ol  reacted
smoothly to the corresponding 3-aminopyridine 3d
(entry 4). Furthermore, unsaturated 3-alkyl-substituted vy-
amino alcohols are suitable substrates (entry 5), but provide
the corresponding products in only moderate yields. When
a 2-substituted y-amino alcohol (entry 7) is used, 2,5-substi-
tuted 3-aminopyridines can be obtained, as exemplarily
demonstrated for 3g, which was isolated in almost quantita-
tive yield. For this reaction, 5 mol % of E were required.After
variation of the y-amino alcohol, we turned our attention to
the reaction of 3-amino-3-(para-tolyl)propan-1-ol with a vari-
ety of differently N-substituted f}-amino alcohols under the
same reaction conditions. As shown in Table 3, different aryl
and alkyl groups can be introduced, giving rise to the 3-
aminopyridines 4a-i in good to very good yields. We prepared
3-aminopyridines with heteroaromatic substituents (4c,d)
and a chlorophenyl moiety (4e€). Only the yields of 4f (84 %)
and 4b (78 %) were slightly lower, which might be due to the
bulky biphenyl substituent next to the amino group (4 f) and
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the electron-withdrawing effect of the fluorine atom (4b).
When comparing the yields of products 4a-i, and especially
those of 4a and 4i, no dependence of the yield on the length
of the alkyl chain in the 2-position of the 3-aminopyridine was
observed. It was necessary to decrease the amount of base
(NaO'Bu) to 0.9 equiv for reactions with N-alkyl/cycloalkyl-
substituted 3-amino alcohols (4g,h), otherwise the yield was
reduced by deamination. X-ray crystal-structure analysis of
4cM was performed to determine the molecular structure of

Table 3: Synthesis of 3-aminopyridines 4a—i through variation of 8-
amino alcohol 1.1

’ H

\/KM/ E / NaO'Bu r'é;rN
T 2hmo0, |

“3H, (o,

Product

4a-i
Yield [96]"!
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one of the novel 3-aminopyridines (Table 3, entry 3). The
amino hydrogen atoms form strong intermolecular hydrogen
bonds to adjacent pyridine N atoms (d(N3H--N6,idin.) =
2.248 A; d(N2H-N1,4n.) =2.077 A). These similar inter-
molecular hydrogen bonds lead to the formation of a dimeric
structure in the solid state.Finally, we varied both amino
alcohol components (Table 4). All products were isolated in
very good to excellent yields. Interestingly, with piperidin-3-ol
as a building block, a polycyclic product, 6-phenyl-1,2,3,4-
tetrahydro-1,5-naphthyridine (5e), was obtained in very good
yield (isolated in 78 %).

In summary, we have described a new catalytic method for
the synthesis of 3-aminopyridines. y-Amino alcohols and [3-
amino alcohols can be selectively linked in dehydrogenation
and condensation steps. In combination with the selective
alkylation of amines with diols according to the BH/HA
concept, the final products are formed in a consecutive three-
component reaction from a diol, an amine, and a y-amino
alcohol. A strength of this method is the introduction of aryl
and alkyl substituents at various positions of the 3-amino-
pyridine moiety. One third of the compounds synthesized
could be isolated in yields greater than 90%. Functional
groups such as olefins are tolerated despite the liberation of
H, (3equiv per pyridine unit) during the reaction. The
liberated hydrogen can be collected. All of the 20 3-amino-

Table 4: Synthesis of 3-aminopyridines 5a-d and 1,2,3,4-tetrahydro-1,5-
naphthyridine 5e through variation of 3-amino alcohol 1 and y-amino
alcohol 2.7

H NH, H
,R2 E /NaOBu ioaN
; R 1 . R3J\/\OH _ = TReVPE ’,,._R? X
R OH -2 H,0, s
-3H,
1 2
1 2 Product Yield
[%)"

H
H N
N
BN \)\/ s | _N | P
1 |l N R’=Ph N 90
5a
H
AN X
%Owa 91l
3 n\/CC/ R'=34- >r 94l
X (MeO),CsH;
X r\(\/'\© 88[c]

OH R =3,4-
(MeO),CeH;

. XUL

R'=Ph
N N B
3_ Pz
5 Q R}=Ph N 78
OH
5e

[a] Reaction conditions: -amino alcohol (4.0 equiv), 3-amino-3-para-
tolylpropan-1-ol (3.0 mmol, 1.0 equiv), NaO*Bu (1.0 equiv), E

(3.0 mol %), THF (15 mL), 24 h/90°C, 24 h/130°C. [b] Yield of isolated
product. [c] NaO'Bu (0.9 equiv).
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[a] Reaction conditions: B-amino alcohol (4.0 equiv), y-amino alcohol
(3.0 mmol, 1.0 equiv), NaO’Bu (1.0 equiv), E (3.0 mol %), THF (15 mL),
24 h/90°C, 24 h/130°C. [b] Yield of isolated product. [c] NaO'Bu

(0.9 equiv).
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pyridines and the 1,5-naphthyridine reported in this paper
have been synthesized for the first time, emphasizing the
degree of innovation of this approach and the problems
associated with the synthesis of such meta-functionalized
pyridines.

Acknowledgements

This work was supported by the Deutsche Forschungsge-
meinschaft (KE 756/23-2). We thank Dr. A. Noor for solving
the structure of 3-aminopyridine 4c. We also thank K. Zaus
for the synthesis of some f-amino alcohols.

Keywords: amino alcohols -
dehydrogenative heterocondensation - iridium - PNP ligands -
pyridines

[1] S. Michlik, R. Kempe, Nat. Chem. 2013, 5, 140 -144.

[2] For selected reviews, see: a) F. Huang, Z. Liu, Z. Yu, Angew.
Chem. Int. Ed. 2016, 55, 862 -875; Angew. Chem. 2016, 128, 872 —
885; b) A. Quintard, J. Rodriguez, ChemSusChem 2016, 9, 28—
30; ¢) Q. Yang, Q. Wang, Z. Yu, Chem. Soc. Rev. 2015, 44,2305 -
2329; d) S. Pan, T. Shibata, ACS Catal. 2013, 3, 704-712; ¢) S.
Bihn, S. Imm, L. Neubert, M. Zhang, H. Neumann, M. Beller,
ChemCatChem 2011, 3, 1853 -1864; f) R. H. Crabtree, Organo-
metallics 2011, 30, 17-19; g) A.J. A. Watson, J. M. J. Williams,
Science 2010, 329, 635-636; h) G. Guillena, D.J. Ramyn, M.
Yus, Chem. Rev. 2010, 110, 1611-1641; i) G. E. Dobereiner,
R. H. Crabtree, Chem. Rev. 2010, 110, 681-703; j) T. D. Nixon,
M. K. Whittlesey, J. M. J. Williams, Dalton Trans. 2009, 753 -762;
k) G. W. Lamb, J. M. J. Williams, Chim. Oggi 2008, 26, 17-19;
1) M. H.S. A. Hamid, P. A. Slatford, J. M.J. Williams, Adv.
Synth. Catal. 2007, 349, 1555-1575; m) G. Guillena, D.J.
Ramoén, M. Yus, Angew. Chem. Int. Ed. 2007, 46, 2358 —2364;
Angew. Chem. 2007, 119, 2410-2416.

[3] C. Gunanathan, D. Milstein, Science 2013, 341, 249 -260.

[4] a) N. Deibl, K. Ament, R. Kempe, J. Am. Chem. Soc. 2015, 137,

12804 -12807; b) S. Ruch, T. Irrgang, R. Kempe, Chem. Eur. J.

2014, 20, 13279-13285; ¢) T. Hille, T. Irrgang, R. Kempe, Chem.

Eur. J. 2014, 20, 5569-5572; d) D. Forberg, J. Obenauf, M.

Friedrich, S. M. Hithne, W. Mader, G. Motz, R. Kempe, Catal.

Sci. Technol. 2014, 4, 4188-4192; e) S. Michlik, R. Kempe,

Angew. Chem. Int. Ed. 2013, 52, 6326-6329; Angew. Chem.

2013, 125, 6450 -6454; f) D. Forberg, T. Schwob, M. Zaheer, M.

Friedrich, N. Miyajima, R. Kempe, Nat. Commun. 2016, 7, 13201.

a) B. Pan, B. Liu, E. Yue, Q. Liu, X. Yang, Z. Wang, W. H. Sun,

ACS Catal. 2016, 6, 1247-1253; b) S. K. Moromi, A. S. Touchy,

S. M. A. H. Siddiki, M. A. Ali, K.-i. Shimizu, RSC Adv. 2015, 5,

1059-1062; c) M. Peiia-Lopez, H. Neumann, M. Beller, Chem.

Eur. J. 2014, 20,1818-1824; d) M. Zhang, X. Fang, H. Neumann,

M. Beller, J. Am. Chem. Soc. 2013, 135, 11384-11388; e) M.

Zhang, H. Neumann, M. Beller, Angew. Chem. Int. Ed. 2013, 52,

597-601; Angew. Chem. 2013, 125, 625-629; f) D. Srimani, Y.

Ben-David, D. Milstein, Angew. Chem. Int. Ed. 2013, 52, 4012 -

4015; Angew. Chem. 2013, 125, 4104-4107; g) D. Srimani, Y.

[5

—_

[6

[7

—_

[

(8]

[9

—

[10]

[11

—_—

Angewandte

Communications e S Chemic

Ben-David, D. Milstein, Chem. Commun. 2013, 49, 6632 -6634;
h) B. Gnanaprakasam, E. Balaraman, Y. Ben-David, D. Milstein,
Angew. Chem. Int. Ed. 2011, 50, 12240-12244; Angew. Chem.
2011, 123, 12448 -12452; i) N. D. Schley, G. E. Dobereiner, R. H.
Crabtree, Organometallics 2011, 30, 4174—-4179; j) K. Taguchi, S.
Sakaguchi, Y. Ishii, Tetrahedron Lett. 2005, 46, 4539 —4542.

a) N. Deibl, R. Kempe, J. Am. Chem. Soc. 2016, 138, 10786 -
10789; b) S. Rosler, M. Ertl, T. Irrgang, R. Kempe, Angew.
Chem. Int. Ed. 2015, 54, 15046 -15050; Angew. Chem. 2015, 127,
15260-15264; c) S. Michlik, T. Hille, R. Kempe, Adv. Synth.
Catal. 2012, 354, 847-862; d) B. Blank, R. Kempe, J. Am. Chem.
Soc. 2010, 132, 924 -925; e) S. Michlik, R. Kempe, Chem. Eur. J.
2010, 76, 13193-13198; f) B. Blank, S. Michlik, R. Kempe,
Chem. Eur. J. 2009, 15, 3790-3799; g) B. Blank, S. Michlik, R.
Kempe, Adv. Synth. Catal. 2009, 351,2903 -2911; h) B. Blank, M.
Madalska, R. Kempe, Adv. Synth. Catal. 2008, 350, 749-758.
For selected reviews on the synthesis of pyridines, see: a) A. A.
Altaf, A. Shahzad, Z. Gul, N. Rasool, A. Badshah, B. Lal, E.
Khan, J. Drug Des. Med. Chem. 2015, 1,1-12;b) C. Allais, J.-M.
Grassot, J. Rodriguez, T. Constantieux, Chem. Rev. 2014, 114,
10829-10868; c) E. M. P. Silva, P. A. M. M. Varandas, A. M. S.
Silva, Synthesis 2013, 45, 3053-3089; d) M. Baumann, L. R.
Baxendale, Beilstein J. Org. Chem. 2013, 9, 2265-2319; ¢) J. A.
Bull, J. J. Mousseau, G. Pelletier, A. B. Charette, Chem. Rev.
2012, 712, 2642-2713; f) Y. Nakao, Synthesis 2011, 20, 3209—
3219.

a) R. D. Taylor, M. MacCoss, A. D. G. Lawson, J. Med. Chem.
2014, 57, 5845-5859; b) S. D. Roughley, A. M. Jordan, J. Med.
Chem. 2011, 54,3451 -3479; c) V. C. Gibson, C. Redshaw, G. A.
Solan, Chem. Rev. 2007, 107, 1745-1776; d)J. S. Carey, D.
Laffan, C. Thomson, M. T. Williams, Org. Biomol. Chem. 2006,
4, 2337-2347; e) J. P. Michael, Nat. Prod. Rep. 2005, 22, 627 —
646; f) M. R. Redinbo, L. Stewart, P. Kuhn, J.J. Champoux,
W. G. J. Hol, Science 1998, 279, 1504 —-1513.

For selected, recently published articles on the synthesis of
pyridines, see: a) Y.-L. Cheng, P. Sharma, R.-S. Liu, Chem.
Commun. 2016, 52, 3187-3190; b) M.-N. Zhao, Z.-H. Ren, L.
Yu, Y.-Y. Wang, Z.-H. Guan, Org. Lett. 2016, 18, 1194-1197,
¢) S. Rieckhoff, T. Hellmuth, R. Peters, J. Org. Chem. 2015, 80,
6822-6830; d) J. Wu, W. Xu, Z.-X. Yu, J. Wang, J. Am. Chem.
Soc. 2015, 137, 9489-9496; e) H. Jiang, X. An, K. Tong, T.
Zheng, Y. Zhang, S. Yu, Angew. Chem. Int. Ed. 2015, 54, 4055 -
4059; Angew. Chem. 2015, 127, 4127-4131; f) C. R. Reddy, S. A.
Panda, M. D. Reddy, Org. Lett. 2015, 17,896-899; g) R. Yan, X.
Zhou, M. Li, X. Li, X. Kang, X. Liu, X. Huo, G. Huang, RSC
Adv. 2014, 4, 50369-50372; h) J. M. Neely, T. Rovis, J. Am.
Chem. Soc. 2014, 136, 2735-2738; i) M.-N. Zhao, R.-R. Hui, Z.-
H. Ren, Y.-Y. Wang, Z.-H. Guan, Org. Lett. 2014, 16,3082 —3085.
a) M. N. S. Rad, F. Soleimani, Tetrahedron 2016, 72, 4947 — 4953,
b) T. Yan, B. L. Feringa, K. Barta, Nat. Commun. 2014, 5, 5602 —
5609; c)L. Wang, W. He, K. Wu, S. He, C. Sun, Z. Yu,
Tetrahedron Lett. 2011, 52, 7103-7107; d) M. S. H. A. Hamid,
C. L. Allen, G. W. Lamb, A. C. Maxwell, H. C. Maytum, A. J. A.
Watson, J. M. J. Williams, J. Am. Chem. Soc. 2009, 131, 1766 —
1774.

CCDC 1514538 (4¢) contains the supplementary crystallo-
graphic data for this paper. These data are provided free of
charge by The Cambridge Crystallographic Data Centre.

Manuscript received: October 14, 2016
Final Article published: HIll HE. EEENR

www.angewandte.org © 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

&These are not the final page numbers!

Angew. Chem. Int. Ed. 2016, 55, 1—5


http://dx.doi.org/10.1038/nchem.1547
http://dx.doi.org/10.1002/anie.201507521
http://dx.doi.org/10.1002/anie.201507521
http://dx.doi.org/10.1002/ange.201507521
http://dx.doi.org/10.1002/ange.201507521
http://dx.doi.org/10.1002/cssc.201501460
http://dx.doi.org/10.1002/cssc.201501460
http://dx.doi.org/10.1039/C4CS00496E
http://dx.doi.org/10.1039/C4CS00496E
http://dx.doi.org/10.1021/cs400066q
http://dx.doi.org/10.1002/cctc.201100255
http://dx.doi.org/10.1021/om1009439
http://dx.doi.org/10.1021/om1009439
http://dx.doi.org/10.1126/science.1191843
http://dx.doi.org/10.1021/cr9002159
http://dx.doi.org/10.1021/cr900202j
http://dx.doi.org/10.1039/B813383B
http://dx.doi.org/10.1002/adsc.200600638
http://dx.doi.org/10.1002/adsc.200600638
http://dx.doi.org/10.1002/anie.200603794
http://dx.doi.org/10.1002/ange.200603794
http://dx.doi.org/10.1021/jacs.5b09510
http://dx.doi.org/10.1021/jacs.5b09510
http://dx.doi.org/10.1002/chem.201402952
http://dx.doi.org/10.1002/chem.201402952
http://dx.doi.org/10.1002/chem.201400400
http://dx.doi.org/10.1002/chem.201400400
http://dx.doi.org/10.1039/C4CY01018C
http://dx.doi.org/10.1039/C4CY01018C
http://dx.doi.org/10.1002/anie.201301919
http://dx.doi.org/10.1002/ange.201301919
http://dx.doi.org/10.1002/ange.201301919
http://dx.doi.org/10.1038/ncomms13201
http://dx.doi.org/10.1021/acscatal.5b02638
http://dx.doi.org/10.1039/C4RA11893F
http://dx.doi.org/10.1039/C4RA11893F
http://dx.doi.org/10.1002/chem.201304432
http://dx.doi.org/10.1002/chem.201304432
http://dx.doi.org/10.1021/ja406666r
http://dx.doi.org/10.1002/anie.201206082
http://dx.doi.org/10.1002/anie.201206082
http://dx.doi.org/10.1002/ange.201206082
http://dx.doi.org/10.1002/anie.201300574
http://dx.doi.org/10.1002/anie.201300574
http://dx.doi.org/10.1002/ange.201300574
http://dx.doi.org/10.1039/c3cc43227k
http://dx.doi.org/10.1002/anie.201105876
http://dx.doi.org/10.1002/ange.201105876
http://dx.doi.org/10.1002/ange.201105876
http://dx.doi.org/10.1021/om2004755
http://dx.doi.org/10.1016/j.tetlet.2005.05.013
http://dx.doi.org/10.1021/jacs.6b06448
http://dx.doi.org/10.1021/jacs.6b06448
http://dx.doi.org/10.1002/anie.201507955
http://dx.doi.org/10.1002/anie.201507955
http://dx.doi.org/10.1002/ange.201507955
http://dx.doi.org/10.1002/ange.201507955
http://dx.doi.org/10.1002/adsc.201100554
http://dx.doi.org/10.1002/adsc.201100554
http://dx.doi.org/10.1021/ja9095413
http://dx.doi.org/10.1021/ja9095413
http://dx.doi.org/10.1002/chem.201001871
http://dx.doi.org/10.1002/chem.201001871
http://dx.doi.org/10.1002/chem.200802318
http://dx.doi.org/10.1002/adsc.200900548
http://dx.doi.org/10.1002/adsc.200700596
http://dx.doi.org/10.1021/cr500099b
http://dx.doi.org/10.1021/cr500099b
http://dx.doi.org/10.3762/bjoc.9.265
http://dx.doi.org/10.1021/cr200251d
http://dx.doi.org/10.1021/cr200251d
http://dx.doi.org/10.1021/jm4017625
http://dx.doi.org/10.1021/jm4017625
http://dx.doi.org/10.1021/jm200187y
http://dx.doi.org/10.1021/jm200187y
http://dx.doi.org/10.1021/cr068437y
http://dx.doi.org/10.1039/b602413k
http://dx.doi.org/10.1039/b602413k
http://dx.doi.org/10.1039/b413750g
http://dx.doi.org/10.1039/b413750g
http://dx.doi.org/10.1126/science.279.5356.1504
http://dx.doi.org/10.1039/C5CC09688J
http://dx.doi.org/10.1039/C5CC09688J
http://dx.doi.org/10.1021/acs.orglett.6b00326
http://dx.doi.org/10.1021/acs.joc.5b01065
http://dx.doi.org/10.1021/acs.joc.5b01065
http://dx.doi.org/10.1021/jacs.5b06400
http://dx.doi.org/10.1021/jacs.5b06400
http://dx.doi.org/10.1002/anie.201411342
http://dx.doi.org/10.1002/anie.201411342
http://dx.doi.org/10.1002/ange.201411342
http://dx.doi.org/10.1039/C4RA10880A
http://dx.doi.org/10.1039/C4RA10880A
http://dx.doi.org/10.1021/ja412444d
http://dx.doi.org/10.1021/ja412444d
http://dx.doi.org/10.1021/ol501183z
http://dx.doi.org/10.1038/ncomms6602
http://dx.doi.org/10.1038/ncomms6602
http://dx.doi.org/10.1016/j.tetlet.2011.10.100
http://dx.doi.org/10.1021/ja807323a
http://dx.doi.org/10.1021/ja807323a
https://summary.ccdc.cam.ac.uk/structure-summary?doi=10.1002/anie.201610071
http://www.ccdc.cam.ac.uk/
http://www.angewandte.org

GDCh
~~—

Communications

Catalytic Alcohol Conversion

T. Hille, T. Irrgang,
R. Kempe* m-nn
Synthesis of meta-Functionalized
Pyridines by Selective Dehydrogenative
Heterocondensation of 3- and y-Amino
Alcohols

Angew. Chem. Int. Ed. 2016, 55, 1-5

Communications

Angewandte

intemationalEdition’y Chemie

~--BH / HA concept -

R

5 ADC concept —

: 3 .

{R2-NH, u ' HO R y R

: + _N o+ N R4
! HO [Ir-PNsP] | R? l ! H,NTR® [IFPNgP]  R?T | X

| Mr-PNsPT| .

RJ\OH -H0 RI7DOH | -2H;0,-3Hyt R17ONT RS

21 new examples
yields up to 97 %

Diols and amines were linked to $-amino
alcohols according to the borrowing
hydrogen (BH) or hydrogen autotransfer
(HA) concept, which then underwent

a selective dehydrogenative heterocon-
densation with y-amino alcohols in an Ir/
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PNsP complex catalyzed synthesis of 3-
aminopyridines (ADC = acceptorless
dehydrogenative condensation). With
this method, aryl and alkyl substituents
can be introduced at various positions of
the 3-aminopyridine moiety.
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