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ABSTRACT

A novel green and rapid approach for the direct reductive amination of
aldehydes using molecular iodine as catalyst under neutral conditions is
described. The mild, acid- and metal-free process can be effected using
even homeopathic level (aslow as 100 ppm) of molecular iodine as catalyst
and utilizes the Hantzsch dihydropyridine (DHP) ester for transfer
hydrogenation. The method allows the efficient synthesis of structurally
diverse secondary amines and turnover number of up to 3000 has been
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achieved with activated substrates. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Reductive amination of adehydesand ketones, in
which amixtureof acarbonyl compound and anamine
istreated with areductant ina‘““one-pot” fashion, is one
of themost useful methodsfor the preparation of sec-
ondary or tertiary amines and related functional
compounds¥. Theaminesarestructura dementinamul-
titude of biologicdly active naturd productsand phar-
maceuti calsand thereforetheir synthesishas become
an objective of high priority from the perspective of
medicina chemistry and organic synthesis?. Themost
commonly employed procedures for reductive
aminationsof carbonylsutilises boranesor meta hy-
dridessuchasNaBH, CN NaBH, asreducing agents®
andrely on Bronsted or Lewisacidsfor selective acti-
vation of imineinthe presence of carbonyls. However
these methods suffer from the limitationssuch asin-
compatibility withacid [abilefunctiondities, useof haz-
ardous and/or expensive catal ysts, inconvenience of
handling and excessuse of amines.

To circumvent these drawbacks, one of the best
aternativesisto apply organo reductantsthat possess
excdllent reproducibility.

Inrecent years, the natura product enzyme cofac-
tor NAD(P) and NAD(P) H have been astimulusfor
investigating the use of Hantzsch ester 1 and other 1,4-
dihydropyridinederivativesasattractivebiomimeticre-
ducing agent for the gpplicationsin synthetic and phys-
ca organic chemistry!d. Thisconceptua blueprint of bio-
chemical hydride reduction, wherein an enzyme and
cofactor arereplaced by catalystsand dihydropyridine
and oguesrespectivey, hasbeen employedin chemicd
reduction of many doublebond contai ning compounds
such asimines, a,B-unsaturated carbonyl compounds
etcd>8, Though, Hantzsch ester a oneisnot suitablefor
reductive amination, many Lewis acids such as
Mg(l1)e, SO, ALO,M, and Sc(OTf) [* have been
reported to be effective catal ystsfor the direct reduc-
tion amination of aledhyde or ketonesusing Hantzsch
ester asbiomimitic hydridetransfer agent. Theasym-
metric variants of this concept has also been recently
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reported independently by Reupingetd 2, List et d [
and MacMillan et al.* using Bronsted acid catalys.
For instance, theefficient effenantioselective synthesis
of chiral secondary amines has been reported using
BINOL based chird phosphoricacid catalyst. Recently,
Mencheet al. reported anovel biomimitic hydrogen
bond catd ysed approach for direct reductiveamination
of adehyde™ and ketones*® invoving Hatzsch ester
ashiomimitic hydridetransfer agent and thioureaashy-
drogen bond doner.
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Though dl thesemethodsprovidesan efficient syn-
thesisof structuraly diverseamines, many of thesepro-
ceduresthey suffer from thelimitations such asuse of
expendveor hazardouscatdysts, longer reactiontimes
(up to 24 h), use of excess reagents and low yields.
Thus, still thereisafurther scopeto develop anim-
proved protocol for reductive amination process.

Inrecent years, mol ecul ar iodine hasattracted con-
siderabl e attention asan inexpensive, non-toxic, non-
metallic and readily available catdyst for effecting vari-
ousorganic transformationg*”18. However, despite of
severd obviousadvantagesof molecular iodineascata
lyst, to our knowledge, it has been not hitherto tested
ascatalyst for direct reductive amination of carbonyl
compounds, particularly, using DHPester asareduc-
ing agent. In continuation of our interest inthedevel op-
ment environmentally benign synthetic protocol ¥,
herein, wereport first timethat direct reductiveamination
of ddehydescould beachieved even usinghomeopathic
level of moleculariodineascatdyst ingoodtohighyidds
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under extremely mild and essentialy neutra conditions.
Thismildand rapid protocol requiresextremely small
amount of catalyst (aslow as100ppm), utilizesHatzsch
ester ashydridesourceand eiminatestheneed for strong
acid or metal catalyst.

RESULTSAND DISCUSSION

Thelnitia optimisation study (catalyst / reductant
(DHP)loading, solvent, reactiontimeetc.) wascarried
out usingamode reaction involving benzal dehyde (1)
and p-anisidine (2) and Hantzsch dihydropyridienees-
ter (3) at room temperatureto givethe product amine
(4) scheme 1.Theresultsof thisstudy are collectedin
TABLE 1. Asshowninour results, thereaction hardly
proceeded inthe absence of catalyst (TABLE 1, entry
1), however, using 10, 5.0, 2.5and 1.0 mol % of cata-
lyst in methylene chloride the reaction smoothly pro-
ceeded within very short reactiontimeranging fromfew
minutesto lessthan an hour inaexcellent yield. The
effect of solvent onthepresent reactionwasadsoinves-
tigated and the sol vents such as THF, acetonitrileand
Toluene were a so found to be effective but the best
resultswere obtained with CH.CI , and henceit was
chosenfor further study. In order to find out wheather
theamount of DHP ester used hase any relavence on
the outcomeof thereaction, thereaction wasanaysed
using different amount of DHPetser (TABLE 2). Itwas
observed that theamount of DHP ester found to have
crucid roleontheyieldsand best result ware obtained
using 1.2 equivanent of reductant. Thusthebest reac-
tion conditionswereddehydes(1.0equiv.), anine(1.0
equiv.) Hantzsch DHPester (1.2equiv.) inthe presence
of iodine1 mol %inDCM at room temperaturefor 55
minutes. We have chosen thesereaction conditionsto
explorethe scope and generdity of thereaction.

| Etozcj\/j/\coza
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TABLE 1 : Synthesis of diverse secondary amines via
reductive amination of different aldehydes catalyzed by
molecular iodine?

Products Yield

Entry R- R’- (4a-n) (%)
1 Ph 4-CH;-Ph- 4a 94
2 Ph- 4-OMe-Ph- 4b 96
3 Ph- Ph- 4c 89
4 Ph 4-Cl-Ph- 4d 85
5 Ph- 4-Ac-Ph- 4e 72
6 Ph- 2-pyridyl af 90
7 4-Br-Ph- Ph- 49 81
8 4-Br-Ph 3,4-Cl-Ph- 4h 80
9 4-NO,-Ph-  4-OMe-Ph- 4i 94

10  4-Cl-Ph- Ph- 4 87
11  4Cl-Ph- 1-Napthyl- 4k 68
12 4-Cl-Ph- 4-Cl-Ph- 4 95
13 Ph- 2-Thiophenyl- am 75
14  Isobutyl-  4-OMe-Ph- 4n 91

3Reaction conditions: 1.0 equiv. of aldehyde, 1.0 equiv of amine
and 1.1 equiv. of Hantzsch ester in the presence of 1 mol % of
I, at room temperature for 55 minutes; ®lsolated yields; ‘The
reduction of double bond was observed.

Thusthestructurally diverse amines such asaro-
matic, heteroaromatic and aliphatic amineswereal-
lowed to react with benzal dehydesunder the optimized
reaction conditionsscheme 2. Theresultsare collected
iINTABLE 2. Itisclear from our resultsthat thereaction
isgeneral asthereductive amiantion of e ectronrich,
neutral and el ectron deficient anilines proceeded rap-
idly and almost with equal efficiency to afford god to
high yieldsof the products. Even sterically congested
anilinessuch aso-chloroanilines(TABLE 1, entry- 8)
reacted efficiently to givehighyield of the correspond-
ing product amine using present reaction conditions.

Having good resultsbeing obtained inthereactions
involving diverseamines, next the scopeof the present
reaction for different al dehyde was explored scheme-
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3. Theresultsare summarized in TABLE 2. From our
results(TABLE 1, entries 9-20), it isfurther clear that
wide variety of aldehydes underwent reductive
amination smoothly under present reaction conditions.
Thearomatic, heteroaromatic, aswell asaliphatic al-
dehydesreacted efficiently under the present reaction
condition givingagain highto excellent yield of thesec-
ondary amines®.

TABLE 2: Effect of DHP ester on reductive amination of
benzaldehyde

Entry DHP ester (equiv.) Time(min) Yield (%)°

1 05 55 52
2 10 55 83
3 12 55 94

aReaction conditions. 1.0 equiv. of benzaldehyde, 1.0 equiv. of
p-anisidine in the presence of 1.0 mol % iodine in DCM at
room temperature; ° Isolated yields.

Theextremely high efficiency of the present cata-
lyst (12 1 mol %; time 55 miutes; 99> % yield) asob-
servedinmodd reaction (TABLE 1, entry-3) prompted
usto check whether the reaction could be performed
with sameefficiency using even further low amount of
|, catalyst. Weset out totest thisnotion using same set
of reaction conditionsasaboveexcept using (very low)
ppmlevel of |, concentration. Theresults of thisstudy
arepresented in TABLE 3. As can be seen from our
results(TABLE 3), dmost smilar yieldswereobtained
using 1000, 500 and 100 ppm of |, within thereaction
times 2.5, 4.5and 24 h. It isto be noted that use of as
low as 100 ppm of |, catalyst issufficient to proceeded
thereactionin highyield within reasonabletime?!. No-
tably, the highest reaction timerequired (24 h) inthis
caseisstill comparabl ethe existing methodsinvolving
DHPester asreducing agents. Remarkably, theturn-
over number of 3,500 (TABLE 1, entry-3) was
achieved usngthiscaidys andwebdievethat thiscould
be highest turnover number ever achieved for reductive

Scheme 2
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amination of a dehydes employing such an approach (DHP-cata yst asareducing system).
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TABLE 3: Useof “Homeopathic” | for reductiveamination
of aldehyde?

Entry 1, (ppm) Time (h) Yield (%)°
1 1000 2.5 87
2 500 4.0 86
3 100 24 87

@Reaction conditions. 1.0 equiv. of benzaldehyde, 1.0 equiv. of
p-anisidine and 1.2 equiv. of Hantzsch ester in the presence of
iodine at room temperature; " Isolated yields.

Weusetheterm “homeopathic” molecular iodine,
originally coined by Beletskaya for those reactions
wherevery low loadings of palladium can be used?.

TheHatzsch ester can bereadily synthesized on
multigram scal e by simple approach. Molecular io-
dineischeap, non toxic and environmentally benign
catalyst that isavailableto any common laboratory.
Thereactionisconvenient, general, and provide high
to quantitativeyields of the amine productswith ex-
cdlent functiona group compatibility within very short
time. A most remarkabl e feature of the present proto-
col isthat the even homeopathic level of iodine con-
centration ((as low as 100ppm =0.004 mol % of I,
catalyst) iseffectiveasacatayst for smooth proceed-
ing of thereaction and thereductioniscompletely se-
lectivetowardsimine.

General procedure

Toamixtureof ddehyde (1 mmal), amine(1 mmol)
and Hantzsch Dihydropyridineester (DHP), (1.1 equiv.)
inDCM 10ml, wasadded I, (0.01 mmol) and reaction
mixturewas stirred at room temperaturefor 55 min-
utes. After completion of reaction, (after thistimeTLC
shown compl ete disappearance of DHP ester), there-
action mixture was quenched with 10 % solution of
Na,S20, (20 ml) to destroy the iodine catalyst and
organic layer was separated. The aqueous |layer was

@Wuc CHEMISTRY —

further extractedwithDCM (2X 15ml). Thecombined
organic extracted was washeswater, dried over anhy.
MgSO, and solvent evaporated. The residue on col-
umn chromatographic purification gaveandyticaly pure
product inhightoexcdlent yields.

Procedurefor reductiveamination using “Homeo-
pathic” iodine

To aflask charged with Benzal dehyde (1 mmol),
p-anisidine (1 mmol) and Hantzsch Dihydropyridine
ester (DHP), (1.1 equiv.) was added the 1000, 500 or
100 ppm solution of |, in DCM and reaction mixture
was stirred at room temperaturefor thetimeindicated
inTABLE 2. (Note: thel,, solution of desired concen-
tration (ppm) wasmade by stepwisedilutionwithDCM
of theappropriate volumeof 1000 ppm stock solution
inDCM). After completion of reaction, (TLC shown
compl ete disappearance of DHP estser after theindi-
cated time.), the reaction mixture was quenched with
10 % solution of Na,S20, (10 ml) to destroy theio-
dinecatayst and organiclayer wasseparated. Theague-
ouslayer wasfurther extracted withDCM (2 X 15ml).
The combined organic extracted was washed water,
dried over anhy. MgSO, and sol vent evaporated. The
residue on column chromatographic purification gave
andyticaly pureproductinhighyield.

Selected spectrel data

N-(4-nitrobenzyl)-P- anisidine (4k)

'"H NMR (400 MHz, CDCL,) A = 3.74 (s, 3H),
4.41 (s, 2H), 6.56(p, 2H, J- 9.0 Hz), 6.75 (p, 2H, J=
9.0,HZ,) 7.54 (p, 2H,J=8.8 Hz),8.20 (d, 2H, J =
8.8Hz).

MS (M + H): calcd for C H-
Found: 259.2

N,O, 259. 27;

14 7273
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N-(4-chlorobenzyl) aniline(4!)

'H NMR (400 MHz, CDCl,): 6 4.08 (broad s,
1H); 4.34 (s, 2H); 6.63-6.65 (s, d, 2H); 6.74-6.78
(ddd, 1H); 7.19-7.23 (m, 2H); 7.27-7.33 (m, 4H).

MS (M+H): calcd for C ,H- ,NCI 218.5 found
218.1.

N-(4-chlor obenzyl)-1-naphthylamine (40)

'HNMR (400MHz, CDCL,): 6 4.49 (s, 2H); 4.74
(broad s, 1H); 6.55-6.57 (dd 1H); 7.26-7.34 (m, 4H);
7.37-7.39(d, 2H); 7.42-7.53 (m, 3H); 7.79-7.84 (dtd,
2H).

MS (M+H)*: calcd for C H-
229, 252 (M+ Na).
N-[4’-chlor obenzyl]-4 —chlor caniline (4p)

'H NMR (400 MHz, CDCl,): 6 3.96 (broad s,
1H), 4.27 (s, 2H), 6.50-6.56 (m, 2H), 6.84-6.91 (m,
2H), 7.26-7.32 (m, 4H).

MS (M+H)*: caled for C H-,, NCI, 253, Found
253.

N.O. 229; found

128 272

CONCLUSION

In conclusion, we have shown that extremely low
(“homeopathic”) loadings of I, can be used to effect
thereductiveamination of a dehydes|eading to the effi-
cient and rgpid synthesisof structuraly diverse second-
ary aminesunder mild and essentidly neutral conditions
in an environmentally benign and cost effectiveway.
The adaptation of present reducing system (I,/DHP)
for reductive amination of ketonesiscurrently under-
way inour laboratory.
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