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ABSTRACT

The nucleophilic ring opening of epoxides with amines is a famous path-
way for the synthesis of B-amino alcohols. In this work, the reaction of
propylene oxide with anilinein presence of LiBr as a catalyst without us-
ing solvent is reportedand the reaction products characterized by elemental
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analysis, *H, ®°C NMR, and FT-IR spectroscopy. The molecular geometry
of products and intermediates have been calculated by usingdensity func-
tional methods (B3LY P)with 6-311++G(d,p) as basis set. The variation
of dipole moments of major product, NBO charges on atoms in the gas
phase andthe thermodynamic properties of reactionwere studied.

© 2015 Trade Science Inc. - INDIA

INTRODUCTION

‘Epoxidesare important molecules because of
theirimportanceashighl yuseful precursorsforthesynthess
of organic compounds. They are able to react
withseveral nucleophiles, which there action of ep-
oxides with amines due to the formation of (-
aminoal coholsisspecifically interesting!*®. The ep-
oxidering opening by aminesisthekey step for the
preparation of new therapeutic agents, unnatural
amino acids*9, chiral auxiliaries®, and biologically
active compounds of synthetic and natural source®
%, B-amino alcohols are compounds of undisputed
interest in synthetic organic chemistry being found
as subunits in many important biologically active
synthetic and natural products. Furthermore, the
amino al cohol moietiesare essential substructuresin

asymmetric synthesis. It has been extensively rec-
ognized that enantiopure 3-amino acoholsarechiral
auxiliariesand valuableligandsin anumber of asym-
metric organic transformationg’®Y, The numerous
limitations like the necessity of elevated tempera-
ture and an excess of amines, undesired side reac-
tions such as polymerization or rearrangement with
sensitive epoxides, failure with less/poor nucleo-
philic and sterically hindered amines, deficiency of
appreciableregioselectivity, etc. associated with the
classical approach of heating the mixture of epoxide
and amine led to the development of various cata-
Iytic procedures*>2l, This paper discusses the syn-
thesis of B-amino alcohols by ring opening of pro-
pylene oxide with aniline in presence of LiBr as a
Lewis acid. Thering opening reaction catalyzed by
LiBr has been studied by means of DFT (B3LYP)
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calculations and the molecular geometry of prod-
ucts and intermediateshave been calculated by
usingdensity functional methods.

RESULTSAND DISCUSSI ON

General method

The commercially available reagents were used
as received without further purification. The reac-
tion was performed under a nitrogen atmosphere.
Nuclear magnetic resonance spectrawere recorded
on a Bruker Avance 400 (*H NMR: 400 MHz, ©*C
NMR: 100 MHz) spectrometer in CDCI, at room
temperature. Chemical shift values (d) are givenin
parts per million using residual solvent protons (1H
NMR: 6H = 7.18 for CDCI,, *C NMR: 6C = 77.0
for CDCl,) as internal standard. The FT-IR spec-
trum of the sampleswas recorded on aUnicom Gal-
axy Series FT-IR 5000 spectrophotometer inthere-
gion 4000-500 cmt using pressed KBr discs.

General procedure

Under nitrogen atmosphere461.74 gAnilineand
2.2 g lithium bromide were added to areactor. The
mixture was heated to about 80 °C and 4.44atm un-
der nitrogen atmosphere. Then 820.96 g propylene
oxide was added to reaction mixture, which was
flowed at atemperature of 125°C under a pressure
of 7.65atm for 3 h. The reaction mixture was again
stirred at 125 °C for 2.5 h. In the last process step,
excess of propylene oxide was separated by high
temperatureand low pressureat 130 °C and 0.75atm
for 1h. The mixture was purified by using a silica
gel (Merck230-400 mesh) column chromatography
with n-hexane:ethyl acetate (6:4, v/v) asthe devel-
oping solvent.

1,1-’(phenylazanediyl)bis(propan-2-ol)(AA)

Yellow oil, yield: 58 %. IR (KBr) v 695, 748,
1038, 1079, 1130, 1236, 1296, 1374, 1504, 1598,
2899, 2928, 2969, 3313cm™. *H NMR (400.1 MHz,
CDCI,)51.11 (d, J5.6 Hz, 6H, 2CH,), 2.90 (d, J6.8
Hz, 2H, CH,), 3.11 (d, J6.8 Hz, 2H, CH,), 3.97-
4.07 (m, 2H, 2CH), 6.69 (d, J8.8 Hz, 2H, Ar), 6.77-
6.80 (M, 1H, Ar), 7.10-7.14 (m, 2H, Ar).“C NMR
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(100.6 MHz, CDCl,)520.3 (2CH,), 60.0 (2CH,), 64.9
(2CH), 112.2(CH-Ar), 117.4 (CH-Ar), 129. 1 (CH-
Ar), 149.2 (C-Ar). Anal. Calcdfor C H NO,:

C68.87, H9.15, N6.69. Found: C68.92, H9.23,
NG6.64.

2-((2-hydr oxypropyl)(phenyl)amino)pr opan-1-ol
AB(=BA)

Yellow oil, yield: 27 %. IR (KBr) v 695, 748,
1001, 1038, 1078, 1128, 1240, 1375, 1504, 1597,
1628, 1654, 2925, 2968, 3247cmt. *H NMR (400.1
MHz, CDCI3)d 1.17 (2d, J6.4 Hz, 6H, 2CH,), 2.75-
2.80(m, H, CH), 2.90-2.94 (m, 2H, CH,), 3.44-3.59
(m, 2H, CH,), 3.77-3.80 (m, H, CH), 6.56-6.74 (m,
2H, Ar), 6.75 (m, 1H, Ar), 7.10-7.18 (m, 2H, Ar).
C NMR (100.6 MHz, CDCl,)¢14.2 (CH,), 19.5
(CH,), 59.8 (CH), 64.0 (CH,), 66.2 (CH,), 64.7
(CH), 112.6 (CH-Ar), 117.2 (CH-Ar), 129.3 (CH-
Ar), 151.2 (C-Ar). Anal. Calcdfor CH NO,:

12° 19

C68.87, H9.15, N6.69,Found: C68.85, H9.18,N6.76.
2,2’-(phenylazanediyl)bis(pr opan-1-ol) (BB)

Yellow ail, yield: 9 %. IR (KBr) v 696, 750,
1051, 1316, 1374, 1602, 2980, 3035, 3292cm™. H
NMR (400.1 MHz, CDCI3)¢ 1.24 (d, J 7.2 Hz, 6H,
2CH,), 2.75-2.83 (m, 2H, 2CH), 3.53-3.58 (m, 2H,
CH,), 3.76-3.80 (m, 2H, CH,), 6.64-6.79 (m, 2H,
Ar), 6.80-6.84 (2, H, Ar), 7.08-7.12 (t, J 8 Hz, 2H,
Ar).”C NMR (100.6 MHz, CDCI,)¢17.5 (2CH,),
51.7 (2CH), 66.2 (2CH,), 113.3 (CH-Ar), 117.9
(CH-Ar), 129.3 (CH-Ar), 148.2 (C-Ar). Anal.
Calcdfor C H,/NO,: C68.87,H 9.15, N 6.69.Found:

12" 19

C 68.83,H 9.19, N 6.72.
Computational details

Theoretical calculationswere accomplished us-
ing GAUSSIAN 09 package and the Gauss-View
molecular visualization program % on a personal
computer. Thegeometry optimization of thetitlecom-
pound and corresponding energy and harmonic vi-
brational frequencies were calculated at level of
theories with 6-311++G(d,p) basis set by assuming
Cspoint group symmetry. The absence of imaginary
frequency verified that optimized geometry for the
title molecul e was true minima on the potentia en-
ergy surface at their respective levels of theory. The
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natural bond orbital (NBO) techniquewas performed
ontheoptimized structuresat B3LY P/6-311++G(d,p)
levell?®, The effect of one LiBr molecule in pres-
ence of the compounds was considered at B3LY P/
6-311++G(d,p) method. As a result, the optimized
geometrical parameters, energy, fundamental vibra-
tiona frequencies, the atomic charges, dipole mo-
ments and other thermodynamical parameterswere
calculated theoretically.

Molecular geometry

Themolecular structureswere optimized by DFT
method. The results of calculated total energies
(Hartree), relative stabilities (kcal/mol) of structures
are collected in TABLE 1 and 2, respectively. The
results of calculations show that AB (=BA) is the
most stable product in order of AB>AA>BB in the
gaseous phase by 0.15 and 9.67 kcal/mol, respec-
tively (1 ca=4.184 J). The difference between AB
and BA iswith which oxygen LiBr isinteracting.It
isnotablethat based on DFT calculations, AA isthe
most stable structure in presence of one LiBr mol-
ecule and the order of stability of structures are
AA>AB>BB>BA by 0.74, 8.14 and 12.02 kcal/mol,
respectively, that is the same as the order of the
yielded obtained product. The stability of A and B
intermediates?*? wasnot affected in presence of one
LiBr molecule and A ismost stable than B. The re-
sults of calculated relative energies and dipole mo-
ments of optimized structuresat B3LY Plevelsusing

6-311++G(d, p) basis function are presented in
TABLE 3. A closelook at TABLE 3 shows that or-
der of dipole moments is AA>BB>AB in the gas
phaseand BB>AA>BA>AB in presenceof oneLiBr
molecule in the gas phase. The order of dipole mo-
ments of A and B intermediates was not changed.
Themost stablestructuresof AA andAA.. . LiBr with
numbering of the atoms is shown in Figure 1. The
optimized values of bond lengths are reported in
TABLEA4.

Chargedigtribution

The calculated values of NBO charges by natu-
ral population analysis (NPA) of optimized struc-
tureof AAinthegasphasearegivenin TABLEDS. It
can be seen that in the gas phase, the O33, C11 and
C26 positions carries most negative charge. In the
AA.. LiBr compounds when LiBr complexed to AA,
the Br36 and O33 atoms have the most negative
charge. According to the NBO results, O11 doe to
coordinated to Li has the most change in negative
charge.

Thermodynamic properties

The prognostication of reaction kineticsand the
behavior of organic compounds need a perfect
descriptionof their thermochemical properties. Ac-
cording to the second law of thermodynamics in
thermochemi calfiel d,the thermodynamic data sup-
ply helpful information to evaluate the amount of

TABLE 1 : Total energies (Hartree)and relative stabilities (kcal/mol) at DFT 6-311G++(d, p) in the gas phase

structures A B
intermediates Totd energies -480.8980749 -480.8953777
Relaive gabilities 0 1.69
structures AA AB (=BA) BB
products Totd energies -674.0993381 -674.0995768 -674.084163%
Relaive gabilities 0.15 0 9.67

TABLE 2 : Total energies (Hartree)and relative stabilities (kcal/mol) at DFT 6-311G++(d, p) in the gas phase with

one LiBr molecule

structures A B
intermediates  Totd energies -3062.70064 -3062.69797
Rdaive stabilities 0.00 1.68
structures AA AB BA BB
oroducts Totd energies -3255.89666 -3255.89390 -3255.87750 -3255.88368
Reaive stabilities 0.00 174 12.02 8.14
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TABLE 3 : Calculated dipole moments of optimized structures

structures A B
intermediates Totd energes 1.96 2.29
Relative stabilities 758 8.34
dructures AA AB BA BB
products Totd energes 4.23 278 278 3.04
Relative stabilities 11.43 9.56 11.78 13.35
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Figure 1. Synthetic route for AA, AB

energyreleased orabsorbed in a chemical
reactionand to cal cul ateother thermodynamic func-
tions, such as Gibbs energies and equilibrium con-
stants, and moreimportantly, they permit aquanti-
tative assessment of the relative stability of
amolecul €28.0n this subject, estimation methods,
ab initio quantum mechanical methods, and more
recently, density functional theory (DFT)
calcul ations,often because of lack of available ex-
perimental data, have been used as an independent
confirmation of the accuracy of the experimental
measurement. In the current study, the thermody-
namic data for the reactants and products in the
reactionat B3LY Plevelsusing 6-311++G(d, p) ba-
sis function are given in the TABLE 6. According
to the result, at standard ambient temperature and

NH
5

BA
H
HOJ\ Y/J\/O‘ -
N

O |

(=BA) and BB in presence of LiBr

— =

T LiBr

pressure, the A intermediate isthermodynamically
favorable. This result also has been obtained on
thereaction conditions (398.15K, 7.65 atm). There-
fore, inthefirst step of thereaction the A interme-
diateisthe more thermodynamically stable and will
produce extrathan B. In the second step of there-
action, the concentrations of A and B intermediates
aredeterminantswhich thefinal product would extra
produce.From A intermediate AA and AB products
were obtained as well as BA and BB from B
intermediate.lt isreasonableto assumethat AA and
AB productsfrom thermodynamically favorable A
intermediate, were the major product. At standard
ambient temperature and pressure and on thereac-
tion conditions (398.15 K, 7.65 atm), AA is more
thermodynamically favorable than AB, but the re-
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TABLE 4 : Calculated optimized parameter values of aand b.

Bond L ength (A)

Bond L ength (A)

Bond L abel @ (b) Bond Label @ (b)
C1l-H12 1.082 1.082
C2-H13 1.085 1.085 C2-C3 1392 1.391
C3-H14 1.084 1.084 C3-C4 139% 1.395
C4-H15 1.085 1.085 C4-C5 1.390 1.390
C5-H16 1.083 1.083 C5-C6 1.408 1.406
C8-H17 1.101 1101 C6-C1 1.406 1.404
C8-H18 1.092 1.092 C8-C9 1551 1549
C9-H19 1.098 1.098 C9-C10 1522 1519
C10-H20 1.092 1.092 C30-C24 1533 1533
C10-H21 1.094 1.094 C24-C25 1527 1525
C10-H22 1.094 1.094 C9011 1420 1.446
C30-H31 1.104 1.104 C24-033 1435 1.441
C30-H32 1.090 1.090 N7-C6 1411 1.418
C24-H25 1.098 1.098 N7-C8 1464 1.462
C25-H27 1.094 1.094 N7-C30 O33H23- 1452 1.455
C25-H28 1.094 1.094 Li-O11 2.256 1.997
C25-H29 1.093 1.093 Li-Br - 1.876
Cci1-C2 - 2232

* Intramolecular H bond lengths

“

(a)

9
@ .04 X ":

@
2.

(b)

Figure 2 : (a) Molecular structure of AA;(b) Molecular structure of AA...LiBralong with numbering of atoms

lation between BA and BB products are changing
with increase of temperature and pressure. At stan-
dard ambient temperature and pressure BA ismore
thermodynamically favorable than BB, whilewith
increasing temperature and pressure an inversere-
|ationship has been seen. There are two routes re-

@Wa CHEMISTRY ¢—

actionfor obtainAB (=BA) from A and B interme-
diate, so.It is reasonable to assume that this prod-
uct is obtained more than BB. By comparing the
yield of product and thetheoretical thermodynamic
data,the highly suitable agreement between theo-
retical and experimental result was appreciated.
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TABLE 5 : Calculated NBO charges on atoms of (a) and (b) structuresin the gas phase

Tautomer Tautomer
Atom @ 0) Bond L abel @ 0)
C1 -0.26 -0.25 H19 0.14 0.16
Cc2 -0.19 -0.18 H20 0.21 0.23
C3 -0.24 -0.23 H21 0.20 0.22
ca -0.19 -0.18 H22 0.20 0.21
C5 -0.25 -0.25 H23 0.49 0.52
C6 0.19 0.19 Ccz24 0.11 0.11
N7 -0.53 -0.54 H25 0.15 0.15
C8 -0.19 -0.18 C26 -0.60 -0.60
C9 011 0.12 H27 0.21 0.21
C10 -0.59 -0.60 H28 0.20 0.21
Ol1 -0.76 -0.82 H29 0.21 0.21
H12 0.20 0.20 C30 -0.17 -0.18
H13 0.20 0.20 H31 0.18 0.18
H14 0.20 0.21 H32 0.21 0.21
H15 0.20 0.21 033 -0.75 -0.76
H16 0.23 0.21 H34 0.46 047
H17 0.17 0.19 Li35 - 0.71
H18 021 0.21 Br36 - -0.78

TABLE 6 : Theoreticalthermodynamic data (K calmol-1) of reaction product in the gas phase

A B AA AB BA BB
J66.15 K. 101305 o AH 16.72 11498 7.66 1.18 7.97 143
2 P AG -12.90 -1096 -4.06 4.35 4.3 123
AH -16.89 1518 7.81 1.06 10.42 136
398.15K, 775136 pa AG -11.59 -9.57 -2.83 5.43 15,53 055
itisthemajor product in the experiment reaction.

CONCLUSION

In summary, the reaction of propyleneoxidering
opening with aniline was performed and the reac-
tion products was characterized by el emental analy-
sis, H, BC NMR, and FT-IR spectroscopy. The DFT
calculations show that AA is the most stable struc-
turein presence of one LiBr moleculeas catalyst in
the gas phase, andthat there is a suitable agreement
between theoretica and experimental result. The
charges of atomsinmgjor product (AA) and in pres-
ence of one molecule LiBr as catalyst (AA...LiBr)
were cal culated by NBO method in gas phase. Based
on the obtai ned thermodynamical data, on the reac-
tion conditions (398.15 K, 7.65 atm), AA is more
thermodynamically favorable than other products so
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