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ABSTRACT: A simple protocol of manganese catalyzed selective a-
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alkenylation of ketones using primary alcohols is reported. The reactions RJ\ + REOH cen Sl RJ\/\RQ*' H0 + Hg

proceeded well with a low loading of catalyst (0.3 mol %). The overall R!
transformation operates through O—H bond activation of primary alcohols
via dearomatization—aromatization metal ligand cooperation in the catalyst
to provide the corresponding aldehydes, which further undergo con-
densation with methylene ketones to deliver @ -unsaturated ketones. This
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selective a-alkenylation proceeds with the release of water and liberation of

molecular hydrogen.

ynthesis of a,f-unsaturated ketones is one of the important
reactions in organic synthesis due to the extensive
applications of such unsaturated ketones in the synthesis of
pharmaceuticals, biologically active compounds, pesticides,
food additives, solar creams, and other functional materials." In
conventional synthesis, aldol condensation between ketones
and aldehydes is employed for the preparation of a,f-
unsaturated ketones using a stoichiometric amount of strong
base. In addition to the high cost, aldehydes are prone to air
oxidation resulting in contamination with carboxylic acids,
which creates a problem in storing these reactive compounds
and requires purification before use.” These drawbacks urged
the development of alternative methods for the synthesis of
a,f-unsaturated ketones. Rhodium-catalyzed direct a-alkeny-
lation of ketones using internal alkynes was reported recently;
however, this method suffers from the requirement of high
catalyst loading and use of bifunctional ligands in stoichio-
metric amounts (Scheme 1a).” Synthesis of a,f-unsaturated
ketones directly from the alcohols and ketones can result in
synthetic brevity and circumvent the isolation and purification
of intermediates. Thus, tandem synthetic methods are
developed combining the oxidation of alcohols to aldehydes
and condensation of aldehydes with ketones. Precious
transition metals on alkaline solid supports, such as Pd/
AlO(OH),” Pd/MgO-ALO,," Au/AIO(OH),* and Pt/
Ce0,,* containing active sites for oxidation of alcohols and
condensation reactions were developed, which also required
excess alkali additives.” Moreover, heterogeneous base metal
catalysts such as TiN, NbN, and NbCN were also developed
for the synthesis of a,f-unsaturated ketones, but the
preparation of these catalysts requires tedious and harsh
nitridation of the parent metal oxides.*” Recently, CrO; and
CeO, catalysts have been reported, while the chromium is
toxic, catalysis by cerium oxide is limited to chalcone synthesis
(Scheme 1b).%“
Alternatively, acceptorless dehydrogenative coupling of
alcohols” and ketones is one of the most prominent synthetic
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Scheme 1. Methods for the a-Alkenylation of Ketones
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method for the preparation of @,f-unsaturated ketones, which
produce water and H, as the only byproducts. Over the
decades, homogeneous organometallic complexes have been
developed as catalysts for the acceptorless dehydrogenation of
alcohols followed by condensation of in situ generated
aldehydes, with C—H acidic compounds to afford atom
economical and sustainable chemical transformations.® Often
hydrogen obtained from dehydrogenation of alcohols is
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utilized for the hydrogenation of condensation products, thus,
resulting in the term “borrowing hydrogen methods”,” which
attracted increasing attention for the C—C and C—N bond
formation reactions. The direct use of alcohols in dehydrogen-
ative coupling reactions for the synthesis of @,f-unsaturated
ketones compound is challenging, because C=C double
bonds undergo facile hydrogenation to deliver the a-alkylated
ketones or alcohols.'”"" In this direction, Yus and co-workers
reported the ruthenium-catalyzed a-olefination of ketones by
acceptorless dehydrogenative coupling alcohols. However,
poor vyields, limited substrate scope, and requirement of a
stoichiometric base necessitate the need for an alternative
protocol."”

In recent years, in order to attain sustainability in catalysis,
replacement of precious noble-metal catalysts with economical
and environmentally benign earth-abundant base-metal cata-
lysts is in high demand. Thus, atom-economical dehydrogen-
ative coupling of alcohols and ketones to a,f-unsaturated
ketones by base-metal catalysis is a desirable transformation. In
this direction, Mn is one of the most earth-abundant transition
metals, third only to Fe and Ti, and chemists have already
developed excellent catalytic transformations using manganese
complexes.'” Encouraged by our recent results in developlng
atom economical and sustainable catalytic methods,"* herein,
we report a dehydrogenative coupling of alcohols and ketones
catalyzed by Kempe’s Mn PNP pincer complexes,**" which
selectively produce the a-alkenyl ketones, H,O and H,. To our
knowledge, there is no literature report on a-olefination of
ketones catalyzed by Mn complexes.

Using 1-tetralone and benzyl alcohol as model substrates,
extensive optimization studies were carried out to determine
suitable experimental conditions for catalytic a-alkenylation of
ketones catalyzed by complexes 1 and 2 (see Table SI).
Observations revealed that 4-methyl substituted catalyst 2 is
better than catalyst 1 containing a phenyl group in the
backbone. While catalyst 1 provided lower yields and
selectivity, the catalytic reaction using 2 (0.3 mol %) and
Cs,CO; (5 mol %) with 1-tetralone (0.5 mmol) and benzyl
alcohol (0.6 mmol) provided a 97% conversion of 1-tetralone
and the alkenyl and alkylated products 3a:3a” were isolated in
80% yield with 97:3 selectivity, respectively (Scheme 2). Use

Scheme 2. Mn(I)-Catalyzed a-Alkenylation of 1-Tetralone
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of other bases produced poor results. Control experiments with
base alone (without catalyst) and without both base and
catalyst proved that the combination of catalyst and base is
essential for this transformation.

Using the optimized reaction conditions, a wide range of
primary alcohols were subjected to manganese-catalyzed a-
olefination of 1-tetralone (Scheme 3). In general, benzyl

Scheme 3. Manganese-Catalyzed Direct a-Alkenylation of 1-
Tetralone Using Primary Alcohols”
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“Reaction conditions: 1-tetralone (0.5 mmol), alcohol (0.6 mmol),
tert-amyl alcohol (1.5 mL), catalyst 2 (0.3 mol %), and Cs,CO; (5
mol %) were heated at 135 °C under open conditions with an argon
flow. Reported yields correspond to isolated pure compounds.
Conversion of 1-tetralone is given within parentheses and determined
by GC analysis using toluene as an internal standard. a-Alkylated
ketone products were observed in less than 5% yield, in all reactions.

aAlkylated ketone product was observed in 10% yield. “Reaction
time of 20 h. Usmg 0.5 mol % catalyst 2 and S mol % base.

alcohols bearing electron-donating substituents such as methyl,
methoxy afforded the corresponding a-alkenyl ketones in good
yields with excellent conversion. Electron-rich benzyl alcohols
substituted with an ortho and a meta methyl group were
converted into 3b and 3c in excellent (90% and 89%,
respectively) yields, whereas, para-methylbenzyl alcohol
provided 3d in 81% vyield. The a-alkenylation of 1-tetralone
with 4-methoxy, 4-isopropyl, and piperonyl benzyl alcohols
afforded the corresponding products 3e—3g in 88%, 77%, and
65% yields, respectively. Notably, 4-methylthiolate substituted
benzyl alcohol provided complete conversion under standard
experimental conditions, and the corresponding product 3h
was obtained in 96% yield. The presence of an electron-
withdrawing substituent such as 3-chloro and 4-bromo on the
aryl ring of benzyl alcohol required a longer reaction time (20
h) to provide good selectivity, and the a-alkenyl ketones 3i and
3j were obtained in 54% and 78% yields, respectively.
Importantly, heteroaryl methanols were tolerated in this
catalytic direct a-alkenylation of ketones. 2-Thiophenemetha-
nol and furfuryl alcohol provided a-alkenylated products 3k
and 3l in good yields with excellent conversion. Similarly, 1-
naphthalenemethanol performed well in this transformation
and delivered 3m in 78% isolated yield. When a-branched
aliphatic alcohol such as 2-ethyl-1-butanol was subjected to
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catalysis under standard experimental conditions, a-alkenylated
product 3n was isolated in poor yields (37%). Thus, the
catalyst load was increased to 0.5 mol %, which provided the
product 3n in 54% yield. In all these reactions, a-alkylated
ketone products were formed in less than 5% yield.

The scope of various aryl ketones with respect to the
catalytic a-alkenylation reaction using different alcohols was
further investigated (Scheme 4). In general, a variety of

Scheme 4. Manganese-Catalyzed Dehydrogenative a-
Alkenylation of Ketones Using Primary Alcohols”
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“Reaction conditions: ketone (0.5 mmol), alcohol (0.6 mmol), tert-
amyl alcohol (1.5 mL), catalyst 2 (0.3 mol %), and Cs,CO; (S mol
%) were heated at 135 °C under open conditions with an argon flow.
Reported yields correspond to isolated pure compounds. Conversion
of ketone is given within parentheses and determined by GC analysis
using toluene as an internal standard. "Conversion determined from
"H NMR analysis of reaction mixture using 1,2 dibromoethane as an
mternal standard. “Catalyst 2 (0.6 mol %) and base (10 mol %) were
used. “a-Alkylated ketone product was observed in 35% yield.

primary alcohols can be employed under these reaction
conditions to deliver a-alkenylated products in moderate to
good yields. Reaction of 4-methoxybenzyl alcohol with 0.3 mol
% of 2 and S mol % base resulted in quantitative conversion of
arylketone S-methoxy-1-tetralone, and a-alkenylated product
4a was isolated in 87% yield with 97% selectivity. The a-
alkenyl ketone structure of 4a is also unequivocally
corroborated using single-crystal X-ray analysis. When 6-
methoxy-1-tetralone and 7-methoxy-1-tetralone were reacted
with 3,4-dimethoxybenzyl alcohol and 4-methylbenzyl alcohol,
the corresponding a-alkenyl ketones 4b and 4c, respectively,
were isolated in good yields. Similarly, 4-(methylthio)benzyl
alcohol and 2-thiophenemethanol showed very good reac-
tivities in the @-olefination of ketones and the products 4d and
4e were obtained in 76% and 89% yields, respectively. When,
4-methyl-1-tetralone was reacted with 4-methylbenzyl alcohol
and furfural alcohol, the corresponding alkenylated products 4f
and 4g were formed in 71% and 86% yields, respectively.
Notably, unactivated aliphatic alcohols are also amenable to
this catalytic a-alkenylation of ketones. 2-Ethyl-1-butanol was
subjected to catalysis under standard experimental conditions,

which provided a-alkenylated product 4h in 59% yield. To
expand the substrate scope beyond tetralones, 6,7,8,9-
tetrahydro-SH-benzo[7]annulen-S-one was reacted with ben-
zyl alcohol, which delivered 4i in 61% isolated vyield.
Remarkably, acyclic methylene ketone such as propiophenone
was reacted with 2,3-dimethoxybenzyl alcohol and 4-
methoxybenzyl alcohol and the corresponding a-alkenylated
products 4j and 4k were obtained in 71% and 87% yields,
respectively.

A mercury-poisoning experiment was performed to examine
the involvement of any metal nanoparticles formed from
complex 2. The catalytic reaction of 1-tetralone with benzyl
alcohol was carried out in the presence of mercury (5 equiv,
relative to 1-tetralone), which provided the corresponding
alkenylated ketone 3a in 73% isolated yield (against the 80%
yield in the absence of mercury; see Scheme 2), indicating that
the reaction proceeds with involvement of molecular
intermediates (Scheme Sa). To probe whether the PN P—

Scheme 5. Mechanistic Studies for the a-Alkenylation of

Primary Alcohols

3a, 73%, (93%)
tert-amyl alcohol

135°C,12h

19/ 0,
H,0 3a, 70%, (98%)

2 (0.3 mol %)
Cs,CO3 (5 mol %)

Hg (5 equiv)
+
tert- amyl alcohol

135°C, 12 h
-H,0, -H,

H CSQCO3 (5 mol %)

e g L
° ° 80
+

+
tert- amyl alcohol “/\‘
135°C, 12 h
(o) 3a, 80%, (98%)
Ha
d)
2 (0.3 mol %) D 80%D

032003 (5 mol %)

tert- amyI alcohol
135°C, 12h

87%D  -HzO,-H

2 (0.3 mol %)
@)LH Cs,CO3 (5 mol %)

3a-D, 64%, (99%)

80

Mn complex 2 is also involved in the C—C bond formation in
the aldol reaction, reaction of benzaldehyde with 1-tetralone in
the presence and absence of the catalyst were performed,
which resulted in formation of 80% and 70% of 3a, respectively
(Scheme Sb and 5c). This enhanced formation of 3a is an
indication that the catalyst might have moderate involvement
in the key C—C bond formation process. Upon reaction of a-
deuterated benzyl alcohol-d;, product 3a-D was obtained in
which incorporation of 80% deuterium was observed at the
vinyl position (Scheme 5d).

On the basis of these experimental observations and the
prev1ous studies involving the PN P manganese pincer
catalyst,"® the plausible reaction mechanism for acceptorless
dehydrogenative coupling of alcohols and ketones is proposed
in Scheme 6. Complex 2 reacts with a catalytic amount of base
to generate the dearomatized coordinatively unsaturated
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Scheme 6. Proposed Reaction Mechanism for
Dehydrogenative a-Alkenylation of Ketones Catalyzed by
Manganese Pincer Complex 2
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intermediate I. Further this intermediate I reacts with alcohol
to provide alkoxy-ligated manganese complex II, through O—
H activation of alcohols. Similar manganese alkoxy complexes
have been isolated previously by Milstein,'® Yu,'”* and Liu.'”
p-Hydride elimination of manganese-ligated alkoxy ligand with
saturated intermediate II provides the corresponding aldehyde
and Mn-hydride complex III. The liberated aldehyde then
undergoes aldol condensation with ketone to provide the a-
alkenylated ketone and water as the byproduct. Intermediate
III liberates H, to attain dearomatized intermediate I,
completing one loop in a catalytic cycle. The aromatization
and dearomatization metal—ligand cooperation in manganese
intermediates I—III maintains the same oxidation state (+1) in
all intermediate complexes and plays an important role in this
transformation.

In conclusion, a manganese pincer complex catalyzed
selective synthesis of a-alkenyl ketones by acceptorless
dehydrogenative coupling of primary alcohol with ketones is
demonstrated. Notably, using a minimal base metal—
manganese catalyst (0.3 mol %) and a mild base Cs,CO; (S
mol %), an assortment of cyclic and acyclic benzylic ketones
can be efficiently and selectively a-alkenylated with primary
alcohols in moderate to excellent yields. Notably, under these
catalytic conditions, heteroaryl, aliphatic, and benzylic primary
alcohols containing methoxy, thiomethyl, chloro, and bromo
functionalities are well tolerated. Mechanistic studies confirm
the involvement of an aldehyde intermediate. The acceptorless
dehydrogenative coupling of alcohols and ketones proceeds via
dearomatization—aromatization metal ligand cooperation.
Overall, 1 equiv of water and molecular hydrogen are liberated
from the reaction as the only byproducts in this environ-
mentally benign transformation.

B ASSOCIATED CONTENT
© Supporting Information

The Supporting Information is available free of charge on the
ACS Publications website at DOI: 10.1021/acs.or-
glett.9b01327.

Experimental procedures, spectral data, crystal data of
compounds 3g and 4a, and copies of 'H and *C NMR
spectra of the products (PDF)

Accession Codes

CCDC 1905606—1905607 contain the supplementary crys-
tallographic data for this paper. These data can be obtained
free of charge via www.ccdc.cam.ac.uk/data_request/cif, or by
emailing data_request@ccdc.cam.ac.uk, or by contacting The
Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; fax: +44 1223 336033.

B AUTHOR INFORMATION
Corresponding Author

*E-mail: gunanathan@niser.ac.in.
ORCID

Chidambaram Gunanathan: 0000-0002-9458-5198
Notes

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

We thank SERB New Delhi (EMR/2016/002517), DAE, and
NISER for financial support. S.S.G. thanks CSIR for a research
fellowship, and B.K.P. is thankful for a NISER fellowship. We
thank Dr. Sadhika Khullar from Dr. B. R. Ambedkar National
Institute of Technology, Jalandhar for her kind help.

B REFERENCES

(1) (a) Climent, M. J.; Corma, A.; Iborra, S.; Velty, A. Activated
Hydrotalcites as Catalysts for the Synthesis of Chalcones of
Pharmaceutical Interest. J. Catal. 2004, 221, 474—482. (b) Li, R;
Kenyon, G. L.; Cohen, F. E,; Chen, X,; Gong, B.; Dominguez, J. N;
Davidson, E.; Kurzban, G.; Miller, R. E.; Nuzman, E. O. Vitro
Antimalarial Activity of Chalcones and Their Derivatives. . Med.
Chem. 1998, 38, 5031—-5037.

(2) (a) Dhar, D. N. Chemistry of Chalcones and Related Compounds;
Wiley: New York, 1981. (b) Harbone, J. B; Mabry, T. J. The
Flavonoids: Advances in Research; Chapman & Hall: New York, 1982.
(c) Micheli, F; Degiorgis, F.; Feriani, A.; Paio, A; Pozzan, A;
Zarantonello, P.; Seneci, P. A. Combinatorial Approach to [1,5]-
Benzothiazepine Derivatives as Potential Antibacterial Agents. ].
Comb. Chem. 2001, 3, 224—228. (d) Sinisterra, J. V.; Garcia-Raso, J.
V.; Cabello, J. A; Marinas, J. M. An Improved Procedure for the
Claisen-Schmidt Reaction. Synthesis 1984, 1984, 502—504.

(3) Mo, F; Lim, H. N; Dong, G. Bifunctional Ligand-Assisted
Catalytic Ketone a-Alkenylation with Internal Alkynes: Controlled
Synthesis of Enones and Mechanistic Studies. J. Am. Chem. Soc. 2018,
137, 15518—15527.

(4) (a) Kwon, M. S.; Kim, N,; Seo, S. H.; Park, L. S.; Cheedrala, R.
K,; Park, J. Recyclable Palladium Catalyst for Highly Selective a-
Alkylation of Ketones with Alcohols. Angew. Chem. 2005, 117, 7073—
7075. (b) Jana, S. K.; Kubota, Y.; Tatsumi, T. Selective a-Alkylation
of Ketones with Alcohols Catalyzed by Highly Active Mesoporous
Pd/MgO-Al,O; Type Basic Solid Derived from Pd-Supported MgAl-
Hydrotalcite Stud. Stud. Surf. Sci. Catal. 2007, 165, 701—704. (c) Kim,
S.; Bae, S. W,; Lee, J. S.; Park, J. Recyclable Gold Nanoparticle
Catalyst for the Aerobic Alcohol Oxidation and C—C Bond Forming
Reaction Between Primary Alcohols and Ketones Under Ambient

DOI: 10.1021/acs.orglett.9b01327
Org. Lett. XXXX, XXX, XXX—XXX


http://pubs.acs.org
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.9b01327
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.9b01327
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.9b01327/suppl_file/ol9b01327_si_001.pdf
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:1905606&id=doi:10.1021/acs.orglett.9b01327
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:1905607&id=doi:10.1021/acs.orglett.9b01327
http://www.ccdc.cam.ac.uk/data_request/cif
mailto:data_request@ccdc.cam.ac.uk
mailto:gunanathan@niser.ac.in
http://orcid.org/0000-0002-9458-5198
http://dx.doi.org/10.1021/acs.orglett.9b01327

Organic Letters

Conditions. Tetrahedron 2009, 6S, 1461—1466. (d) Chaudhari, C.;
Siddiki, S. M. A. H.; Kon, K.; Tomita, A.; Tai, Y.; Shimizu, K. C-3
Alkylation of Oxindole with Alcohols by Pt/CeO2 Catalyst in
Additive-Free Conditions. Catal. Sci. Technol. 2014, 4, 1064—1069.

(5) (2) Guillena, G.; Ramén, D. J.; Yus, M. Alcohols as Electrophiles
in C-C Bond-Forming Reactions: The Hydrogen Autotransfer
Process. Angew. Chem., Int. Ed. 2007, 46, 2358—2364. (b) Nixon,
T. D.; Whittlesey, M. K.; Williams, J. M. J. Transition Metal Catalysed
Reactions of Alcohols Using Borrowing Hydrogen Methodology.
Dalton Trans 2009, 753—762. (c) Chen, B. W. J.; Chng, L. L.; Yang,
J.; Wei, Y,; Yang, J.; Ying, J. Y. Palladium-Based Nanocatalyst for One-
Pot Synthesis of Polysubstituted Quinolines. ChemCatChem 2013, S,
277-283. (d) Chan, L. K. M.; Poole, D. L.; Shen, D.; Healy, M. P.;
Donohoe, T. ]J. Rhodium-Catalyzed Ketone Methylation Using
Methanol Under Mild Conditions: Formation of a-Branched
Products. Angew. Chem., Int. Ed. 2014, 53, 761-76S.

(6) (a) Fischer, A.; Makowski, P.; Miiller, J.-O.; Antonietti, M.;
Thomas, A,; Goettmann, F. High Surface Area TiO, and TiN as
Catalysts for the C—C Coupling of Alcohols and Ketones.
ChemSusChem 2008, 1, 444—449. (b) Yao, W.; Makowski, P;
Giordano, C.; Goettmann, F. Synthesis of Early-Transition-Metal
Carbide and Nitride Nanoparticles Through the Urea Route and
Their Use as Alkylation Catalysts. Chem. - Eur. J. 2009, 15, 11999—
12004. (c¢) Li, Y.; Chen, D. Novel and Efficient One Pot
Condensation Reactions between Ketones and Aromatic Alcohols
in the Presence of CrO; Producing a,f-Unsaturated Carbonyl
Compounds. Chin. J. Chem. 2011, 29, 2086—2090. (d) Zhang, Z.;
Wang, Y,; Wang, M,; Lu, J.; Zhang, C,; Li, L.; Jiang, J.; Wang, F. The
Cascade Synthesis of @,f-Unsaturated Ketones via Oxidative C—C
Coupling of Ketones and Primary Alcohols Over a Ceria Catalyst.
Catal. Sci. Technol. 2016, 6, 1693—1700.

(7) (2) Musa, S.; Shaposhnikov, I; Cohen, S.; Gelman, D. Ligand-
Metal Cooperation in PCP Pincer Complexes: Rational Design and
Catalytic Activity in Acceptorless Dehydrogenation of Alcohols.
Angew. Chem., Int. Ed. 2011, 50, 3533—3537. (b) Nixon, T. D,
Whittlesey, M. K.; Williams, J. M. J. Transition Metal Catalysed
Reactions of Alcohols Using Borrowing Hydrogen Methodology.
Dalton Trans 2009, 753—762. (c) Friedrich, A.; Schneider, S.
Acceptorless Dehydrogenation of Alcohols: Perspectives for Synthesis
and H, Storage. ChemCatChem 2009, 1, 72—73. (d) Zhang, J;
Gandelman, M.; Shimon, L. ]J. W.; Rozenberg, H.; Milstein, D.
Electron-Rich, Bulky Ruthenium PNP-Type Complexes. Acceptorless
Catalytic Alcohol Dehydrogenation. Organometallics 2004, 23, 4026—
4033.

(8) (a) Nguyen, D. H.; Trivelli, X.; Capet, F.; Paul, J.-F.; Dumeignil,
F.; Gauvin, R. M. Manganese Pincer Complexes for the Base-Free,
Acceptorless Dehydrogenative Coupling of Alcohols to Esters:
Development, Scope, and Understanding. ACS Catal. 2017, 7,
2022—-2032. (b) Kallmeier, F.; Dudziec, B.; Irrgang, T.; Kempe, R.
Manganese-Catalyzed Sustainable Synthesis of Pyrroles from Alcohols
and Amino Alcohols. Angew. Chem., Int. Ed. 2017, 56, 7261—7265.
(c) Elangovan, S.; Neumann, J.; Sortais, J.-B.; Junge, K; Darcel, C.;
Beller, M. Efficient and Selective N-Alkylation of Amines with
Alcohols Catalyzed by Manganese Pincer Complexes. Nat. Commun.
2016, 7, 12641. (d) Vicent, C.; Gusev, D. G. ESI-MS Insights into
Acceptorless Dehydrogenative Coupling of Alcohols. ACS Catal.
2016, 6, 3301—3309. (e) Gunanathan, C.; Ben-David, Y.; Milstein, D.
Direct Synthesis of Amides from Alcohols and Amines with
Liberation of H,. Science 2007, 317, 790—792.

(9) For reviews, see: (a) Corma, A.; Navas, J.; Sabater, M. J.
Advances in One-Pot Synthesis Through Borrowing Hydrogen
Catalysis. Chem. Rev. 2018, 118, 1410—1459. (b) Faisca Phillips, A.
M,; Pombeiro, A. J. L; Kopylovich, M. N. Recent Advances in
Cascade Reactions Initiated by Alcohol Oxidation. ChemCatChem
2017, 9, 217—246. (c) Crabtree, R. H. Homogeneous Transition
Metal Catalysis of Acceptorless Dehydrogenative Alcohol Oxidation:
Applications in Hydrogen Storage and to Heterocycle Synthesis.
Chem. Rev. 2017, 117, 9228—9246. (d) Khusnutdinova, J. R;
Milstein, D. Metal-Ligand Cooperation. Angew. Chem., Int. Ed.

2015, 54, 12236—12273. (e) Gunanathan, C.; Milstein, D. Bond
Activation and Catalysis by Ruthenium Pincer Complexes. Chem. Rev.
2014, 114, 12024—12087. (f) Gunanathan, C.; Milstein, D.
Applications of Acceptorless Dehydrogenation and Related Trans-
formations in Chemical Synthesis. Science 2013, 341, 1229712.
(g) Huang, F; Liu, Z.; Yu, Z. C-Alkylation of Ketones and Related
Compounds by Alcohols: Transition-Metal-Catalyzed Dehydrogen-
ation. Angew. Chem., Int. Ed. 2016, SS, 862—875. (h) Vispute, T. P.;
Zhang, H.; Sanna, A.; Xiao, R.; Huber, G. W. Renewable Chemical
Commodity Feedstocks from Integrated Catalytic Processing of
Pyrolysis Oils. Science 2010, 330, 1222—1227.

(10) (a) Pefa-Lopez, M.; Piehl, P.; Elangovan, S.; Neumann, H,;
Beller, M. Manganese-Catalyzed Hydrogen-Autotransfer C-C Bond
Formation: a-Alkylation of Ketones with Primary Alcohols. Angew.
Chem., Int. Ed. 2016, 55, 14967—14971. (b) Chakraborty, S.; Daw, P.;
Ben-David, Y.,; Milstein, D. Manganese-Catalyzed a-Alkylation of
Ketones, Esters, and Amides Using Alcohols. ACS Catal. 2018, 8,
10300—10305. (c) Tan, D. - W.,; Li, H-X; Zhu, D.-L.; Li, H.-Y;
Young, D. J.; Yao, J.-L,; Lang, J.-P. Ligand-Controlled Copper(I)-
Catalyzed Cross-Coupling of Secondary and Primary Alcohols to a-
Alkylated Ketones, Pyridines, and Quinolines. Org. Lett. 2018, 20,
608—611. (d) Sahoo, A. R.; Lalitha, G.; Murugesh, V.; Bruneau, C.;
Sharma, G. V. M.; Suresh, S.; Achard, M. Ruthenium Phosphine-
Pyridone Catalyzed Cross-Coupling of Alcohols To form a-Alkylated
Ketones. J. Org. Chem. 2017, 82, 10727—10731.

(11) Thiyagarajan, S.; Gunanathan, C. Catalytic Cross-Coupling of
Secondary Alcohols. J. Am. Chem. Soc. 2019, 141, 3822—3827.

(12) Martinez, R; Ramén, D. J; Yus, M. Easy a-Alkylation of
Ketones with Alcohols Through a Hydrogen Autotransfer Process
Catalyzed by RuClL,(DMSO),. Tetrahedron 2006, 62, 8988—9001.

(13) Reviews on catalysis by Fe, Ni, and Co complexes: (a) Irrgang,
T.; Kempe, R. 3d-Metal Catalyzed N- and C-Alkylation Reactions via
Borrowing Hydrogen or Hydrogen Autotransfer. Chem. Rev. 2019,
119, 2524—-2549. (b) Kallmeier, F.; Kempe, R. Manganese Complexes
for (De)Hydrogenation Catalysis: A Comparison to Cobalt and Iron
Catalysts Angew. Angew. Chem., Int. Ed. 2018, 57, 46—60.
(c) Mukherjee, A.; Milstein, D. Homogeneous Catalysis by Cobalt
and Manganese Pincer Complexes. ACS Catal. 2018, 8, 11435—
11469. (d) Filonenko, G. A.; van Putten, R. V.,; Hensen, E. J. M,;
Pidko, E. A. Catalytic (De)hydrogenation Promoted by Non-precious
Metals — Co, Fe and Mn: Recent Advances in an Emerging Field.
Chem. Soc. Rev. 2018, 47, 1459—1483. (e) Bauer, L; Knoelker, H.-J.
Iron Catalysis in Organic Synthesis. Chem. Rev. 2015, 115, 3170—
3387. (f) Morris, R. H. Exploiting Metal—Ligand Bifunctional
Reactions in the Design of Iron Asymmetric Hydrogenation Catalysts.
Acc. Chem. Res. 2015, 48, 1494—1502. (g) Chirik, P. J. Iron- and
Cobalt-Catalyzed Alkene Hydrogenation: Catalysis with Both Redox-
Active and Strong Field Ligands. Acc. Chem. Res. 2015, 48, 1687—
169S. (h) Chakraborty, S.; Bhattacharya, P.; Dai, H.; Guan, H. Nickel
and Iron Pincer Complexes as Catalysts for the Reduction of
Carbonyl Compounds. Acc. Chem. Res. 201S, 48, 1995—2003.
(i) Benito-Garagorri, D.; Kirchner, K. Modularly Designed Transition
Metal PNP and PCP Pincer Complexes based on Aminophosphines:
Synthesis and Catalytic Applications. Acc. Chem. Res. 2008, 41, 201—
213. (j) Zell, T; Milstein, D. Hydrogenation and Dehydrogenation
Iron Pincer Catalysts Capable of Metal—Ligand Cooperation by
Aromatization/Dearomatization. Acc. Chem. Res. 2015, 48, 1979—
1994.

(14) (a) Thiyagarajan, S.; Gunanathan, C. Facile Ruthenium(II)-
Catalyzed a-Alkylation of Arylmethyl Nitriles Using Alcohols Enabled
by Metal-Ligand Cooperation. ACS Catal. 2017, 7, 5483—5490.
(b) Thiyagarajan, S.; Gunanathan, C. Ruthenium-Catalyzed a-
Olefination of Nitriles Using Secondary Alcohols. ACS Catal. 2018,
8, 2473—2478. (c) Sahoo, P. K.; Gawali, S. S.; Gunanathan, C. Iron-
Catalyzed Selective Etherification and Transetherification Reactions
Using Alcohols. ACS Omega 2018, 3, 124—136.

(15) (a) Zhang, G; Irrgang, T.; Dietel, T.; Kallmeier, F.; Kempe, R.
Manganese-Catalyzed Dehydrogenative Alkylation or a-Olefination of
Alkyl-Substituted N-Heteroarenes with Alcohols. Angew. Chem., Int.

DOI: 10.1021/acs.orglett.9b01327
Org. Lett. XXXX, XXX, XXX—XXX


http://dx.doi.org/10.1021/acs.orglett.9b01327

Organic Letters

Ed. 2018, 57, 9131-913S. (b) Deibl, N.; Kempe, R. Manganese-
Catalyzed Multicomponent Synthesis of Pyrimidines from Alcohols
and Amidines. Angew. Chem., Int. Ed. 2017, 56, 1663—1666.
(c) Kallmeier, F.; Irrgang, T.; Dietel, T.; Kempe, R. Highly Active
and Selective Manganese C=0 Bond Hydrogenation Catalysts: The
Importance of the Multidentate Ligand, the Ancillary Ligands, and the
Oxidation State. Angew. Chem., Int. Ed. 2016, 55, 11806—11809.

(16) Das, U. K; Ben-David, Y.; Diskin-Posner, Y.; Milstein, D. N-
Substituted Hydrazones by Manganese-Catalyzed Coupling of
Alcohols with Hydrazine: Borrowing Hydrogen and Acceptorless
Dehydrogenation in One System. Angew. Chem., Int. Ed. 2018, 57,
2179-2182.

(17) (a) Liu, T.; Wang, L.; Wy, K; Yu, Z. Manganese-Catalyzed /-
Alkylation of Secondary Alcohols with Primary Alcohols under
Phosphine-Free Conditions. ACS Catal. 2018, 8, 7201—7207. (b) Fu,
S.; Shao, Z,; Wang, Y.; Liu, Q. Manganese-Catalyzed Upgrading of
Ethanol into 1-Butanol. J. Am. Chem. Soc. 2017, 139, 11941—11948.

DOI: 10.1021/acs.orglett.9b01327
Org. Lett. XXXX, XXX, XXX—XXX


http://dx.doi.org/10.1021/acs.orglett.9b01327

