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2, 4, 6-trichloro-1, 3, 5-triazine (TCT) catalysed direct reductive
amination of aldehydes using hantzsch dihydropyridine ester
as a reducing agent
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ABSTRACT KEYWORDS
An efficient, rapid and environmentally benign approach for direct reduc- Reductive amination;
tive amination of aldehydes and ketonesisreported. The mild and economi- Amines;
cal processrequiresonly catalytic amount of 2, 4, 6-trichloro-1, 3, 5-triazine Hantzsch DHP;

(TCT) and utilizes Hantzsch ester for transfer hydrogenation and provides
rapid access to the structurally diverse aminesin high yields.
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Hydrogenation of double bond containing com-
pounds such as carbonyls, olefinsand iminesarecru-
cid for livingorganism aswell asfor theindustria pro-
duction of thechemicals. If thedoublebond isimine,
theresulting products are amineswhich arekey struc-
turd ementinamultitudeof biologicdly activenaturd
productsand pharmaceuti calsand therefore their syn-
thesishasbecomean objectiveof high priority fromthe
perspectiveof medicina chemistry and organic synthe-
sis.Y One-pot multicomponent reactions have an obvi-
ous advantage of atom economy over their linear coun-
terparts.!? Reductive amination of aldehydesand ke-
tones, inwhich amixtureof acarbonyl compound and
an amineistreated with areductantina“‘one-pot” fash-
ion, isoneof themost useful methodsfor the prepara:
tion of secondary or tertiary aminesand related func-
tional compounds. Consequently, anumber of meth-
ods have been devel oped to carry out thisdirect pro-
cess.B1 Most of these procedures employ boranesor
metal hydridesasreducing agentsand rely on Brensted

Cyanuric chloride;
One-pot reaction.

and Lewisacidsto facilitate formation of theintermedi-
ateiminesand their subsequent activation for aprefer-
ential reductionin the presence of the carbonyl com-
pound. However, many of these protocol ssuffer from
thelimitation such asincompatibility with acid |abile
functiondities, excessve useof amines, and production
of toxic wasteto theenvironment and i nconvenience of
handling. To circumvent these drawbacks, one of the
best alternativesisto apply organo reductantsthat pos-
sessexcd lent reproducibility.®

Inrecent years, the natural product enzyme cofac-
tor NAD(P) and NAD(P) H>? havebeen astimulus
for theinvestigation of useof Hantzsch ester 1 and other
1,4dihydropyridinederivativesasattractivebiomimetic
reducing agent for the gppli cationsin synthetic and phys-
cd organic chemistry.*22 Thisconceptua blueprint of
biochemicd hydridereduction, wherein an enzymeand
cofactor arereplaced by catalystsand dihydropyridine
ana oguesrespectively, hasbeen employedin chemica
reduction of many double bond containing com-
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pounds.Z2 | n recent years, synthetic chemists have
made many effortsto develop DHP asawidely used
reducing agent and have obtained good to excellent
results. However, therearefew reportsonit’s use for
thedirect reductive amination of imines?® The Lewis
acids such as Mg ("2 SiO,,1% Al,O,* and
Sc(OTf), ! have been reported to promote such re-
ductive amination of adehydesand ketones. Recently,
the group of Rueping,™ ListY and McMilllan®? have
independently reported the reduction of imines by
Hantzsch ester using phosphoricacid asacatdys. Very
recently, Mencheet a. reported the use of Hantzsch
ester asamild and selectivereducing agent inthethio-
ureacataysed direct reductive amination of adehyde™
and ketones.*¥ Although thesemethodsprovidean essy
accessto the structurally diverse aminesunder mild
conditionsbut they suffer from thelimitation such as
use of expensive and hazardous Lewisor protic acid
caaysts, excessuseof amines, longer reaction time34
and low yieldsof theproducts.

2,4,6-Trichlorol, 3, 5-Triazine (TCT) hasbeen
knownfor along period of time. Itiscommercidly avail-
able, inexpengive, rdaivey environmentaly benignre-
agent. Intheolder literature, one can find examples of
applicationsof 2, 4, 6-trichloro-1, 3, 5-triazinein syn-
thesis* Recently there hasbeen aconsiderablegrowth
of interest intheuseof cyanuric chlorideand itsderiva
tivesfor functional group transformations* However,
to our knowledge, TCT hasnot hitherto tested ascata-
lyst for thereductive amination of ddehydeswith DHP
ester asreducing agent. We envisaged that the use of
cyanuric chloridein combination with Hantzsch ester
for direct reductive amination of ddehydesand ketones
could providetheenvironmentaly benign and inexpen-
sveprotocol for the synthesisof diverseaminesunder
mild conditions. Herein, wereport that cyanuric chlo-
ridewasfoundto bean efficient catalyst for direct re-
ductiveamination of adehydesand ketonesinhighyields
and under mild conditionsusing Hantzsch ester asa
biomimetic hydridesource.

When the reacti on between benza dehyde, aniline
and Hantzsch ester in equimol ar proportioninthepres-
ence of 10 mol % cyanuric chloridein THF at room
temperature was performed, the corresponding amine
was obtained in quantitativeyieldswithin 3.5h. Inthe
absenceof catalyst thereaction hardly proceeded. To
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check theefficacy of the present catdyst, thecompara
tive study using other Lewisand protic acid catalysts
wereperformed and resultsaresummarizedin TABLE
1. Asshownin TABLE 1, amongst al the catalysts
screened, cyanuric chloride wasfound to be the best
catalyst for the present reaction. Bismuth nitrateal so
proved to beeffective catalyst but theyield werelittle
lower than with TCT. Boronic acids have been previ-
ously reported by oursel ves®231 gnd otherg>cd as
anefficient and “green” Lewis acid catalysts in organic
synthesisand they also proved to be effective catalysts
for the present reaction. However, relatively high cost
of theseboronic acidslimitstheir applications. Obvi-
ously, TCT becomes the catalyst of choice for the
present reaction. Thus, the present study reveal ed that
thebest reaction conditionswere 1, equiv. of ddehyde,
1 equiv. of amineand 1 equiv of Hantzsch ester inthe
presence of 0.1 equiv of TCT in THF at room tem-
peraturefor 5h.

TABLE 1: One-pot reductiveamination of benzaldehydeus
ing different catalysts.?

Entry Catalyst Yield (%)°
1 e Trace
2 cyanuric chloride 96
3 pTSA 84
4 Bi(NOs); 94
5 CF3SOsH 41
6 Ph-B(OH), trace
7 3-NO,CgH,B(OH), 45
8 cyanuric chloride 98°

aReaction condition: 1 equiv. of benzaldehyde, 1 equiv. of aniline
and 1 equiv of Hantzsch ester in the presence of 10 mol % of
catalyst in THF at room temperature for 3.5 h.

b |odlated yields

¢ 500 mg of freshly activated 4 A molecular sieves were used.
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With good result being obtained in the reaction be-
tween benzal dehydeand aniline, next to gauge scope
and applicability of thisprotocol, structuraly diverse
aldehydes and amines were subjected to reductive
amination using our optimized reaction conditions,
Scheme 1.

TABLE 2: Scopeof variousaldehydein one-pot reductive
amination catalysed by TCT?

Yield
Product % )b

Entry Aldehyde

'_\
% o
T

al
% O
T

NC

98

H

NC
o}
HN

6 H 95

H

HO

@ Reaction conditions: 1.0 mmoal. of aldehyde, 1.0 mmoal. of amine
and 1.0 mmol. of hantzsch in the presence of 10 mol % of TCT

in THF at room temperature for 3.5h.
5 Colum purified yields.

TABLE 3: Scope of various amines in one-pot reductive
amination catalysed by TCT?

. Yield
Entry Amine Product (%)"
NH HN :
7 96
@“
HN/©/
8 /©/ >99
MeO H

NH OH HN
9 90

@*
o
Lo .

10

NH
11 /©/\ 2

13

H N/© 82c

Ph&)\H

aReaction conditions: 1.0 mmol. of aldehyde, 1.0 mmol. of amine
and 1.0 mmol. of hantzsch DHP ester in the presence of 10 mol
% of TCT in THF at room temperature for 3.5 h.

b Colum purified yields.

¢ Concommitant reduction of conjugated double bond was
observed.'2

In all the example studied, the desired amines
wereobtained in high, and in somecasesin quantita-
tiveyieldsin short reaction times. Aromatic and alde-
hydes bearing both el ectron releasing aswell aselec-
tron withdrawing group participated successfully in
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thereductive amination. In addition to aromatic alde-
hydes, aliphatic a dehydeswere al so readily aminated
under present reaction conditionsto givehighyields
of the corresponding amines. Not only aldehydes but
structurally diverse aromatic aminesincluding ortho
substituted anilines reacted efficiently under present
reaction conditionsto give highyieldsof theamination
products. The mild reaction conditions described
herein are evident by the fact that acid sensitive
functionalitiessuch asnitro, cyano, halides, hydroxyl
and alkoxy group both on aldehydes aswell asamines
werewell tolerated.

Having successfully applied the present reaction
condition for the reductive amination of aldehydes,
next, we decided to explorethe possibility of apply-
ing the present reaction conditionsto thereductive
amination of ketone. Accordingly, thereaction of ac-
etophenone and anilinewas carried out under above
reaction conditions. Though reaction proceeded un-
der these conditions, but relatively lower yield of the
product was obtained within samereactiontime. How-
ever, when the reaction timewasincreased from 3.5
to 7h., the high yield of the corresponding aminated
product was obtained. Thisclearly indicatesthat the
reductive amination of aldehydeisfaster that that of
ketone under present reducing system. Thisfinding
prompted usto explorethe possibility of selectivere-
duction of aldiminein the presence of ketimine. Thus
when the reaction of benzaldehyde, acetophenone,
anilinein equimolar proportion was carried out under
our optimized reaction conditions, to our pleasure,
reductive amination of benzal dehydewasfoundto be
selective as the acetophenone was recovered un-
changed d most quantitatively, Scheme 2.

S
X A

TCT (10 mol %),
96 % 100%

THF, rt., 3.5 h
Scheme 2
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Thus, Hantzsch ester 1 inthepresenceof TCT was
found to be sdectivereducing agent for the one-pot re-
ductiveamination of ddehydeinthepresenceof ketone.

TheHantzsch 1, 4-Dihydropyridine can be synthe-
sized at agreat ease on large scal e by Hantzsch con-
densation reaction.® Itisto be noted that TCT reacts
with ‘incipient’ moisture and produces anhydrous HCI
inreactionmedial® TheHCI generated in situ actsas
aprotic acid which make the present protocol much
convenient and practical than thedirect HCI catalysed
reductiveamination protocol.

Thecatdyst, TCT employed hereinisinexpensive
and an environmental ly benign compound andisused
in catalytic amount. Thereactionswere carried out at
room temperature and reach to completioninshort time
togivehighyiddsof the secondary and tertiary amines
without the need for excessamines.

In conclusion, we have developed amild, high
yielding and selective protocol for thedirect reductive
amination of ddehydesusingreadily availableHantzsch
ester asabiomemitic reducing agent inthe presence of
catayticamount of TCT. Though currently wehavein-
vestigated thereductiveamination of acetophenoneonly,
thedetail investigation asregard to applicability of the
reaction conditionsfor other ketoneswould be under-
taken soon.

GENERAL PROCEDURE

For reductiveamination of aldimines

To amixture of aldehyde, amine and Hantzsch
dihydropyridineester Linthemolar ratioof 1:1:1in
THFwas added cyanuric chloride 0.1 mmol and re-
sulting mixturewas stirred at room temperaturefor 3.5
h. After completion of rection (TLC), themixturewas
washed washed with NaHCO, and brine and finally
with water. After drying over anhydrousMgSO,, sol-
vent wasevaporated under reduced pressure. Theres-
duewaschromatographed on silicagel (60-120 mesh,
CH_CI./ Ethylacetate = 20) to give analytically pure
productsin 84 ->99 %yields.

For reductiveamination of ketimine

Same as for aexcept that reaction mixture was
stirred for 10 h and chromatographed with e uent,
Ethylacetag/hexanne=2)
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