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ABSTRACT

The molybdate sulfuric acid (MSA) was found to efficiently catalyze for
the synthesisof a-amino nitriles from aldehydes, amines and trimethylsilyl
cyanide under a solvent-free condition in high yield with short reaction

times. © 2015 TradeSciencelnc. - INDIA

INTRODUCTION

Three-component Strecker-type reaction from
carbonyl compounds, amines, andtrimethylsilyl cyanide
(TMSCN) isanimportant reactionin organic synthesis
becausethe products, a-aminonitrile derivatives, are
versdtileintermediates, which can betransformedinto
variousbuilding blocks, including aamino acids, 1,2-
diamines, and nitrogen-containing heterocycles™.
Various Lewisacidssuch as Y b(OTf),,[@ Pr(OTf),,*
Cu(OTf),, LiClO,® BiCl_® NiCL," RuCl®
CeCl,,!! Inl, RhL,,™ La(NO,),.6H,O or
GdCl..6H.0,!* iodine,** and (bromodimethyl)
sulfonium bromide,*¥ homogeneously catalyzethe

CHO NH; MSA
* + TMSCN ——mm>
solvent free, r.t

CN

(39)
Scheme1: Synthesisof a-amino nitriles using M SA
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Strecker-typereaction. However, thereaction usually
demands high catalyst loadings (>10 mol%), long
reactiontimesranging from severa hourstoseverd days
insomecases, strong acidic conditions, expensiveand
hazardousreagents.

RESULTSAND DISCUSSION

In continuation with the search for simple non-
hazardous methodsfor thetransformationsin organic
synthesisusing various reagents?>24, wewish, herein,
to report on the use of MSA as a more robust and
efficient catdys for the synthes sof a-amino nitriles (3a-
}) from adehydes, aminesand trimethylsilyl cyanide
under asolvent-freecondition.

At first, we studied the reaction of benzaldehyde
(2) withaniline (2) andtrimethylsilyl cyanideinorder to
optimize the reaction conditions with respect to
temperature and molar ratio of M SA to the substrate.
Wefoundthat 5 mol % of M SA wassufficient to produce
the desired 2-(N-anilino)-2-phenylacetonitrile(3a) in
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95% yield within 5 min in solvent free at room
temperature (Scheme 1).

Molybdate sulfuricacid isan easily prepared and
moisture tolerant solid acid which has been used as
catalyst in the oxidation of thiolsand nitrosation of
amines?Z1, Thereusability of catalyst isanimportant
factor for commercid uses. Therefore, therecovery and
reusability of M SA wasinvestigated. Hence, M SA was
successfully regenerated from the model reaction by
washing with EtOAcand drying at 120 °C. Attemptsto
thereusability of M SA showed that reactivity of the
recovered catalyst was efficiently depending on the
solvent applied for regeneration of catalyst. However,
washing thefiltered catalyst from thefirst run by warm
protic solvents such aswater and a coholsresultedin
the obviousdecreasing of reactionyield. Inthecontradt,
therecycled catayst by EtOA c wasreused threetimes
with gradual loss of activity in the model reaction.
(Scheme?2)

(e}

NaO-Mo—ONa + HSOCl [-Hhxane v
1]

0°c
MSA
Scheme?2: Preparation of M SA Catalyst

After optimizing these conditions using
benza dehyde asamode a dehyde, thereactionswere
performed with variousother aryl ddehydes, andit was
noti ced that thereaction proceedswell with al typesof
aryl ddehydesandtheresultsof thisstudy are presented
inTABLE 1.

EXPERIMENTAL

Chemica swere obtained from Merck and Fluka
chemical companies. ThelR spectrawererecorded on
a Shimadzu 435-U-04 spectrophotometer (KBr
pellets) and NM R spectrawere obtainedin CDCl,, using
a400MHz JEOL FT NMR spectrometer. All melting
pointswere determined on an Electro Thermal 9100
melting point apparatus.

Prepar ation of catalyst

M SA was prepared viaamodified version of the
previously reported procedures (Scheme 2). Thus,
anhydrous sodium molybdate (20 mmol, 4.118 g) was
added to dry n-hexane (25 mL) in a 100 mL round
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bottom flask equipped with ice bath and overhead
gtirrer. Chlorosulfonicacid (0.266 mL, 40 mmol) was
then added dropwise to the flask during 30 min and
stirred for 1.5 h. Thereaction mixturewas gradually
pouredinto 25 mL of chilled digtilled water with agitation.
Themolybdate sulfuric acid was separated asabluish
solid by filtration, washed with cold ditilled water five
timesuntil thenegativetest for chlorideionfor filtrate,
anddriedat 120°Cfor 5 h. Theyield of the obtained
bluish acid catalyst was 90%.

Characterization of catalyst

The prepared catalyst was characterized by
determination of decomposition point, FT-IR spectrum,
and neutralization titration with standard sol ution of
NaOH. Asaresult, the prepared molybdate sulfuric
acid which showed good thermal stability decomposed
at 354 °C. The overlaid FT-IR spectra of sodium
molybdate and molybdate sulfuric acid (MSA) are
shown in Figure 1. As the spectrum of MSA
demonstrates, the characteristic bands of both
anhydrous sodium molybdate and -OSO, group are
shifted evidently to the higher wavenumbers. Thewel |
defined bands at 3600-3000 is related to OH
stretching, theband at 1635 cm isthe H-O-H bending
mode of the lattice water, and the bands at 1300
1100 cnr! might be the asymmetric and sym-metric
stretching modes of S=0. A strong band at 827 cm'?
inthe FT-IR spectrum of sodium molybdateisassigned
to the stretching mode of Mo-O. Thisband isshifted
to ~1100 cm? and appeared as an overlapped band
with S=0O stretching bands in spectrum of MSA.
Broadening of the absorbance band positioned at
3600-3000 cm™ isdueto therapid exchangesof acidic
hydrogens viaH-bonding and revealstheformation
of MSA. In order to investigate the acid capacity of
MSA, asolutionof it (0.0805g) indigtilled water (100
mL ) wastitrated with standard solution of NaOH (0.1
N) inthe presence of phenol phthaein asindicator. At
theendpoint of titration 5 mL of titrant was consumed.
The capacity of M SA was determined according the
following equation as2. (MMW) x n=N_V,, (0.0805/
322) x n=0.1x0.005, thus n =2. Therefore, MSA
can be consdered asasolid heterogeneous dternative
tosulfuricacid.

General procedurefor the synthesis of a-amino

A Judian Jowrual



OCAlJ, 11(11) 2015 Hassan Ghasemnejad-Bosra and Reza Arta 401

—=  Fyl] Peper

TABLE 1: Synthesisof a-amino nitriles using M SA under solvent freeconditions

R2
‘I\\
=
.~ CHO - NH3 M SA NH
O/ ' O/ " TMSCN I f ”
= solvent free, r.t
/ R/ | N CN
Ry
Entry Product R R, Time (min) Yelde (%) M.P (°c)
1 3a CeHs aniline 7 95 83-84
2 3b 4-CICgH,4 aniline 5 90 105-107
3 3c 4-BrCgH, aniline 6 96 99-101
4 3d 4-MeCgH, aniline 9 90 90-92
5 3e 4-OMeCgHs aniline 11 96 95-97
6 3f CgHs 4-methylaniline 15 94 88-90
7 30 4-CIC¢H4 4-methylaniline 12 92 100-102
8 3h 4-BrCgH, 4-methylaniline 12 94 97-99
9 3i CgHs 4-methoxyaniline 14 97 81-83
10 3 4-BrCgH, 4-methoxyaniline 11 91 89-91

a) All theproductsareknown, characterized by IR, NM R spectral analysisand compar ed with theauthentic sampleshb)
I solated yields. ¢) M élting pointsof compoundsar econsistent with repor ted values®,

g nitrilesin solid-state catalyzed by M SA
90 ' A mixtureof aldehydes (1.0 mmol), amines (1.0
80 = mmol) and MSA (5 mol %) were added to amortar
——— - /"\[ \ [ and the mixture was pulverized with a pestle. A
60 Z 1 spontaneousreactiontook place[7-15min, TABLE 1,
- - / - \ )J/” monitored by TLC (4:1, hexane/ acetone)]. After
) — e ,m ¢ completion of thereaction, CH,CI,, (10 mL) was added,
o . V\ | )/:' andinsolublereagentswereremoved by filtration. The
20 ' 1 filtratewasevaporated under reduced pressureand the
I _ | _ \x J \ / i' _ resulting crude materia waspurified by recrystallization
. \J from ethanol to afford pure products.
0 200 2000 L CONCLUSION

Wavenumber [cm-1]

Figure 1 : Overlaid FT-IR spectra of Na,MoO, and )
H,0SO(M00,)OSOH (M SA) In conclusion, anew strategy has been devel oped
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for the synthesisof a-amino nitriles from aldehydes,
aminesandtrimethylslyl cyanideusngM SA asahighly
efficient catalyst. The notable advantages of this
methodol ogy aremild conditions, short reactiontimes,
high yields, and the absence of side products. This
method offersone of theimportant motifsfor synthesis
of a-amino nitriles, asnatural products, biologically
active compounds, and pharmaceutical agents.
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