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ABSTRACT

Phenylboronic acid was found to be an efficient catalyst for direct reduc-
tive amination of aldehydes using Hantzsch dihydropyridine ester as
biomemitic hydrogen source under mild conditions. The green and eco-
nomical process reguires only catalytic amount of phenylboronic acid and
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provides rapid access to the structurally diverse aminesin high yields.
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INTRODUCTION

Reductive amination of aldehydesand ketones, in
which amixtureof acarbonyl compound and anamine
istreated with areductant in a“one-pot” fashion, is
one of themost useful methodsfor the preparati on of
secondary or tertiary amines and related functional
compounds®. Theaminesare structural elementina
multitude of biologically active natural productsand
pharmaceuticalsand thereforetheir synthesishasbe-
come an objective of high priority from the perspec-
tiveof medicina chemistry and organic synthess2. The
most commonly employed proceduresfor reductive
aminationsof carbonyls utilizesboranes or meta hy-
dridessuch asNaBH,CN NaBH, asreducing agents?
and rely on Bronsted or Lewisacidsfor selective ac-
tivation of iminein the presence of carbonyls. How-
ever these methods suffer from thelimitationssuch as
incompatibility with acid labilefunctionalities, use of

hazardous and/or expensive cata ysts, inconvenience
of handling and excess use of amines. To circumvent
these drawbacks, oneof thebest alternativesisto apply
organo reductantsthat possess excellent reproducibil-
ity. Inrecent years, the natural product enzyme cofac-
tor NAD(P) and NAD(P)H have been astimulusfor
theinvestigation of useof Hantzsch ester (1) and other
1,4-dihydropyridine derivatives as attractive
biomimetic reducing agent for the applicationsin syn-
thetic and physical organic chemistry!®. Thisconcep-
tua blueprint of biochemica hydridereduction, wherein
an enzyme and cofactor arereplaced by catalystsand
dihydropyridine ana ogues respectively, hasbeen em-
ployedin chemica reduction of many doublebond con-
tai ning compounds®®. The Hantzsch esters (1) has
been reported to be efficient biomimetic reducing agent
for thereductive amination of al dehydesand ketones
in the presence of Lewis acids such as Mg (11)®
Al,O,9 and Sc(OTf) 14, '
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In addition, Bronsted acids'?* haveal so reported
to beeffective catayst for thistransformation. Very re-
cently, Mencheet al. reported the use of Hantzsch es-
ter and thioureaasnovel reagent—catalyst combination
for amild and sel ective reductive amination of alde-
hyde™ and ketones*®. Although these methods pro-
videan easy accessto thestructurally diverse amines
under mild conditions but some of these methodsin-
volvetheuse of expensive metd triflate or hazardous
Lewisor protic acid catd ystsand other requireexces-
Sveuseof oneor morereagentsand heating for longer
time. Thusdtill thereissufficient scopeto develop fur-
ther milder, efficient, and environmental ly benign pro-
tocol for thereductiveamination of adehydes. Our pre-
Vious successon utilizing boronic acidsas green and
mild organo catalysts*” has prompted usto explorethe
possibility of exploiting boronic acid as catalyst in
bi omimetic approach for reductive amination of alde-
hydes. Herein, wereport that phenylboronic acid cata-
lyzed efficiently reductiveamination of structurdly di-
verse adehydesusing DHP ester asabiomimetic re-
ducing agent in highyieldsand under mild conditions.

In the present paper our results concerning con-
comitance useof organo catalyst and organo reagentin
reductive amination of adehydesaredisclosed. Our ini-
tid investigation started with thereductiveamination of
benzd dehyde and p-anisidineasamodd reaction. The
reaction was carrying out using equimol ecul ar amount
of ddehyde, anineand Hantzsch ester (1) inthe pres-
enceof different boronic acid cataystsin THF at room
temperature. Theresultsaresummarized inTABLE 1.
Inthe absence of catalyst thereaction hardly preceded
which clearly justifiesthe need for the catalyst for the
success of thereaction. Among the different boronic
acids screened, 2-bromophenylboronic acid wasfound
to be best catalyst followed by 3-nitrophenylboronic
acid. Thesmplephenylboronicacidisadsofoundtobe
effective catalyst and provided high yield of the prod-

TABLE 1 : Reductive amination of benzaldehyde and p-
anisidine catalysed by boronicacids®

Entry Catalyst Time(h) Yied (%)
1 - 10 trace
2 Phenylboronic acid 10 94%
3 3-Nitophenylboronic acid 6 98
4 2-Bromophenylboronic acid 4 >99
5 Phenylboronic acid 7 78°

aReaction conditions: Benzaldehyde (1.0mmol ), p-anisidine
(2.0mmol ) and Hantzsch ester ( 1.0mmol ) in the presence of 5
mol % of boronic acid in THF at room temperature. I solated
yields. *4-Phenyl-1,4-dihydropyridine ester was used as a re-
ducing agent.

uct within 10 h. Asan alternate reducing system, an-
other dihydropyridine ester, 4-phenyll, 1,4-
dihydropyridine (TABLE 1, entry 6) wasinvestigated
but it wasfound to beless effective and provided the
product in considerably lower yield than with parent
estesr 1.

Though 2-bromo- and 3-nitrophenylboronic acids
werefound to be better catalyststhan phenylboronic
acid, the high cost of these boronic acids over
phenylboronicacid limitstheir applicability. Inview of
our research objectiveto devel op inexpensiveand en-
vironmentaly benign protocol for theorganic synthes's,
we consi dered the phenylboronic acid asacatayst of
choicefor further study. Thusthe present study reveded
that the best reaction conditionswere 1 equiv. of alde-
hyde, 1 equiv. of amineand 1 equiv. of Hantzsch ester
in the presence of 5 mol% of phenylboronic acidin
THF at room temperaturefor 10 h. In order to gauge
the scopeand generdlity of the present reaction condi-
tions, structuraly diversealdehydesand amineswere
subjected to reductive amination using our optimized
reaction conditions, Scheme 1.

TheresultsaresummarizedinTABLE 2and 3. In
the entire exampl e studied, the desired amineswere
obtainedinhighto excellent yid dsin short reactiontimes.
Aromatic aldehydes bearing both el ectron releasing
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TABLE 2: Scopeof variousaldehydesin reductiveamination catalysed by phenyl boronic acid®

Entry Aldehyde Product Yield(%)P
i 7
NH
1 H 94
©)\H
. 7
HN
2 H 92
H
MeO
MeO
. zr
HN
3 /©)LH 95
H
Cl
Cl
. zr
HN
4 H 98
H
O,N
O,N
i r
HN
5 H 98
H
NC
NC
. zr
HN
6 H 94
H
HO

HO

aReaction conditions: 1.0mmol of aldehyde, 1.0mmol of p-anisidine and 1.0mmol of DHP ester 1 in the presence of 5 mol %
phenylboronic acid in THF at room temperature for 10 h. I solated yields

(TABLE 2, entry 2) aswell aselectron withdrawing
group (TABLE 2 entry 4 and 5) participated success-
fully inthereductive amination. Inadditionto aromatic
adehydes, diphatic a dehydeswered so smoothly ami-
nated under present reaction conditionsto give high
yields of the corresponding amines. Next structurally
diversearomatic amineswereinvestigated under present

reaction conditions. The results are summariesd in
TABLE 3.AsshowninTABLE 3, dectronrich aswell
as electron deficient aminesreacted efficiently under
present reaction conditionsto givewdl to highyie dsof
the products. It isto be noted that sterically hindered
amines such asortho substituted amines (TABLE 3,
entry 4) aso provided good yield of the corresponding
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TABLE 3: Scopeof variousaminesin reductiveamination catalysed by Phenylbor onic acid®

Entry Amine Product Yield (%)°

| 96
>909
H
O,N

/©/NH2
MeO
NH,
o :
@H
4 @ 84
Cl
/©/\NH2

HN/\©\
H 98
HN/©/ 95

NH, /©/
TS > ol

Ph&)\H

aReaction conditions: 1.0 mmol. of aldehyde, 1.0 mmol. of amine and 1.0 mmol. of Hantzsch DHP ester in the presnce of 5 mol %
of phenylboronic caid in THF at room temperature for 10 h. ® Colum purified yields. ¢ Concommitant reduction of conjugated
double bond was obser ved.[*?

aminated product under present reaction conditions.  asnitro, cyano, and carbonyl, halides, hydroxyl and
Thus the present procedure has broad scope and di-  dkoxy group both on adehydesaswel | asamineswere
vergty amplification through structurd variationcanbe  well tolerated. Itisimportant to notethat phenylboronic
achievedin one-pot fashion. acidisreadily available, green and cheap catayst and

Themild reaction conditionsdescribed hereinare  requires in very low catalytic amount™®. The 1,4-
evident by thefact that acid sensitivefunctionditiessuch  Dihydropyridineesters(1), canbesynthesized & agreat
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ease onlarge scal e by Hantzsch condensation reaction.
Thusthe present protocol representstherare example
of concomitanceuse of organo catayst and organo re-
agent for theimportant reductive amination process.

In conclusion, we have developed a mild, high
yielding and green protocol for the direct reductive
amination of ddehydesusing readily availableHantzsch
ester asabiomimetic reducing agent in the presence of
catalytic amount of phenylboronic acid. Though cur-
rently wehaveinvestigated the reductiveamination of
adehydesonly, thedetail investigation asregard to ap-
plicability of thereaction conditionsfor ketoneswould
be undertaken soon.

EXPERIMENTAL

The Phenylboronic acid was purchased from
Sigma-Aldrich Company. Theother chemicalssuchas
adehydes, aminesand solvents such as THF, acetoni-
trile, ethanol etc. were purchased from S.D.Fine Chemi-
cas, Indiaand Calligens. TheHantzsch DHP ester was
synthesized in laboratory by reported methods. The
progress of the reaction was monitored by thin layer
chromatography usingsilicagel coated plates. Thepe-
troleum ether used refersto the fraction 60-80. The
productswere purified by column chromatography or
wherever possibleby recrystd lization with appropriate
solvent.

General procedurefor reductiveamination of al-
dehydes

To amixture of aldehyde (1.0 mmol), amine (1.0
mmol) and Hantzsch dihydropyridineester (1) (1L.Ommol)
in THF (10 ml) wasadded phenylboronicacid (6 mg, 5
mol %) and resulting mixturewas stirred at room tem-
peraturefor 10 h. After completion of reaction (TLC),
the mixture was washed with NaHCO, and brine and
finaly withwater. After drying over anhydrousMgSO,,
solvent was evaporated under reduced pressure. The
residue was chromatographed on silica gel (60-120
mesh) using petroleum ether ethyl acetateaseluent to
giveanalyticaly pureproductsin 84-96%yid ds.

Selected spectral data

N-(p-Nitrobenzyl)-p-anisidine
'H NMR (400 MHz, CDCl,) & = 3.74 (s, 3H),

—= Pyl Peper

4.41 (s, 2H), 6.56(d, 2H, J- 9.0Hz), 6.75(d, 2H, J=
9.0, Hz,) 7.54 (d, 2H, J=8.8 Hz), 8.20 (d, 2H, J =
8.8Hz).

MS (ESI) n/zcacd for C
226.123. Found: 226.123.

N,O, [M+H]*:

14|_| 14
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