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Abstract : Nutmeg (Myristica fragrans) is a spice plant belonging to Myristicaceae family.
The main chemical components of Nutmeg are camphene, safrole, methyl eugenol and
myristicin, which provide the spice its therapeutic properties. Myristicin (6-allyl-4-methoxy-
1,3-benzodioxole) a crystalline phenolic ether C,;H;,03 is major active constituent of nutmeg
which is reported to have the anti-inflammatory, antidiabetic, antihyperlipidemic, anti-
diarrheal activity. The vibrational frequencies were calculated and compared with the
experimental data by using the spectroscopic methods and Density Functional Theory (DFT)
method with B3LYP6-311++G(d,p) basis set. Stability of the molecule arising from hyper
conjugative interactions, charge delocalization has been analyzed using natural bond orbital
(NBO) analysis. In addition, the calculated HOMO and LUMO energies and molecular
electrostatic potential shows that charge transfer occurs in the molecule.

Key words : Density Functional Theory method (DFT),Natural bond orbital analysis
(NBO),Highest Occupied Molecular Orbital (HOMO) and Lowest Unoccupied Molecular
Orbital (LUMO).

1. Introduction

The Ayurvedic system of medicine mainly uses herbs, herbal products, in the form of dried powders,
extracts, kashayas, asavas, aristas etc. These formulations usually contain more than one type of herb or herbal
products. The nutmeg tree biologically termed as Myristica fragrans is important for two spices derived from
the fruit, they are the Nutmeg and mace. Nutmeg is the seed kernel inside the fruit and mace is the red lacy
covering (aril) on the kernel. The seeds of this plant have been reported to possess analgesic and anti-
inflammatory properties’, preventing hypercholesterolemia® and atherosclerosis, Crude extract of nutmeg has
chemopreventive and anti Helicobacter pylori activities® major essential oils of nutmeg®, possess extraordinarily
potent hepatoprotective activity®.Myristicin  (6-allyl-4-methoxy-1,3-benzodioxole) is a natural organic
compound with chemical formula is C1;H1,03present in small amounts in the essential oil of nutmeg and to a
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lesser extent, in other spices such as parsley and dill showing activity against selected leukemia lines and (RD)
cancer cell lines®. Owingto the broad spectrum of biological activities of the drug, we have attempted to isolate,
characterize and confirm spectroscopically its structure. The literature survey reveals that to the best of our
knowledge, no experimental and computational spectroscopic study was performed. In this case, the aim of this
study is to present a detailed description of the 6-allyl-4-methoxy-1,3-benzodioxolemolecule by using both
computational (Gaussian 03W program -Becke’s three-parameter hybrid functional’(B3LYP)6-311++G(d,p)
basis sets)and experimental techniques (FT-IRand FT-Raman), potential energy distribution (PED),
redistribution of electron density (ED) in various bonding, antibonding orbitals and E energies® to provide
evidence of stabilization originating from the hyper conjugation and various intra-molecular interactions.
HOMO-LUMO analysis has been used to elucidate information regarding charge transfer within the molecule.

2. Experimental

Nutmeg collected from the local markets of Chennai, Tamil Nadu, India was dried ground and
powdered with the help of mortar and pestle. 20 g of sample was mixed with 100 ml of ethanol. Extracts were
made using rotary shaker soxhlet apparatus(for 6 hours at 70°C) and were cooled, filtered and evaporated using
hot air oven to near dryness at 65- 70°C.Extracts (Myristicin) were placed in dark glass bottles and stored at
4°C until further analysis. The FTIR spectrum of the freshly prepared Myristicin belonging to C; point group
symmetry was recorded in the region 4000-400 cm™ using Bruker IFS 66V Spectrometer and FT-Raman
spectrum , using Bruker RFS 27 Spectrometer and UV spectrum in the range 200-800 nm using JASCO V-660
spectrophotometer at CLRI, Chennai .

3. Results and Discussion

I. Vibrational Assignment-FTIR, FT Raman

The 6-allyl-4-methoxy-1,3-benzodioxole molecule has 26 atoms (fig 1) and 36 normal vibrational
modes, which are found to be active in both IR and Raman scattering simultaneously as shown in figs 2 and 3
and compared vibrationfrequencies are presented in Table 1.

K n
c,uw’“{ ¢

; c7
w2l
1 €172
ce ny m
I8 €14
y o
ﬂ/ cs
c20 {
Ry
L¥ S

Fig. 1 Molecular structure with atom numbering scheme of 6-allyl-4-methoxy-1,3-benzodioxole.
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Fig.2 FT-IR spectra of Myristicin (A) Experimental (B)B3LYP/6-31++G(d,p)
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Fig 3 FT-Raman spectra of Myristicin (A) Experimental (B)B3LYP/6-31++G(d,p)

Table 1 Vibrational wavenumbers obtained for Myristicin

Theoretical
Experimental vylave wave ET-IR FT-Raman .ASS|'gnment of
number cm number vibrational modes
cm® (PED %)
FT-IR |FT-Raman Scaled Relative | Absolute | Relative | Absolute
3066 3083 16 9 94 46 yCH(97)
3078 1 0 64 31 yCH(100)
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Theoretical
Experimental wave wave ET-IR FT-Raman ~Assignment of
number cm number vibrational modes
cm® (PED %)
FT-IR |FT-Raman Scaled Relative | Absolute | Relative | Absolute
3059 3 2 85 41 yCH(100)
3014 19 11 114 55 yCH(97)
3008 5 3 135 65 yCH(93)
3007 32 18 155 75 yCH(96)
3001 3000 15 9 53 26 yCH(100)
2972 2980 30 17 58 28 yCH(93)
2925 2932 12 7 72 35 yCH(99)
2911 2908 58 33 168 81 yCH(100)
2724 2898 24 14 150 73 yCH(99)
2658 2868 119 69 207 100 yCH(96)
1653 1654 1631 110 63 27 13 yCC(56)
1598 1581 97 56 22 11 yCC(58)
1529 1474 3 1 14 7 BHCH(87)
1451 1455 1459 129 74 5 3 yCC(34), HCC(26)
1440 1442 22 13 6 3 BHCH(76),tHCOC(12)
1432 1434 8 5 12 6 BHCH(68), tHCOC(14)
1425 26 15 5 2 BHCH(59)
1419 21 12 6 3 BHCH(80)
1396 70 40 21 10 BHCH(32)
1381 1392 37 21 10 5 BHCH(45)
1369 11 6 9 4 THCOC(64)
1332 1353 106 61 20 10 yCC(40)
yCC(16),HCH(1),
1270 1299 1276 2 1 29 14 BHCC(37),HCCC(12)
1262 1 0 12 6 BHCC(33),tHCCC(41)
1253 148 85 18 8 yCC(33), yYOC(12)
1207 1210 15 9 3 2 BHCC(64)
BHCO(29),
1183 10 6 9 4 BHCC(17),tHCOC(18)
1181 78 45 6 3 BHCH(12),tHCOC(46)
TtHCO(20),pHCC(29),
1176 23 13 8 4 THCOC(12)
yOC(12), pCCC(14),
1147 58 33 1 1 BHCC(13)
1124 3 2 2 1 BHCH(28),tTHCOC(69)
BHCO(24), pCOC(10),
1104 15 8 0 0 THCOC(33), tCOCC(10)
1083 1087 77 44 4 2 yOC(23), yCC(12)
yCC(15), BHCC(18),
1079 14 8 5 2 THCCC(15)
1042 1055 1053 91 52 8 4 yOC(16), BOCC(13)
1027 174 100 4 2 vOC(29), BOCC(22)
878 990 17 10 3 1 THCCC(81)
965 21 12 1 1 yOC(58)
927 13 7 3 1 yCC(26), yYOC(17)
yOC(24), BOCC(10),
918 27 16 0 0 BCOC(12)
909 35 20 6 3 THCCC(84)
894 32 18 8 4 yCC(18), tHCCC(16)
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Theoretical
Experimental wave wave ET-IR FT-Raman ~Assignment of
number cm number vibrational modes
cm® (PED %)
FT-IR |FT-Raman Scaled Relative | Absolute | Relative | Absolute
857 882 4 2 1 0 BHCC(48), tTHCCC(13)
833 834 2 1 0 0 THCCC(79)
819 30 17 2 1 THCCC(69)
yCC(11), yOC(25),
772 798 778 14 8 12 6 BCCC(14)
vCC(10), BOCC(33),
747 724 3 2 2 1 BCOC(21)
yCCCC(39),
709 696 4 2 0 0 OUTOCCC(39)
647 672 11 7 6 3 THCCC(14)
BCCC(23), pOCC(10),
622 638 1 1 2 1 BCOC(11)
THCCC(11), tCCCC(18),
OUTCCCC(24),
584 11 6 3 2 OUTOCCC(11)
571 2 1 3 1 OUTOCCC(52)
yCC(11), yOC(11),
552 541 2 1 11 5 BCCC(15)
461 485 4 2 2 1 BCCC(31), BOCC(10)

The aromatic C—H stretching, C—H in plane bending and C—H out of plane bending vibrations appear in
3000-3100 cm™ , 1100— 1500 cm™ and 800—1000 cm™ frequency ranges, respectively®. The 6-allyl-4-methoxy-
1,3-benzodioxole stretching ring vibrations are predicted at 30833000 cm™for B3LYP/6-311++G(d,p) level of
theory. These vibrations observed experimentally at 3066 and 3001 cm™inthe FT-IR spectrum were due to the
C-H symmetric stretching. The scaled theoretical values of ring C-H stretching modes coincide well with that of
experimental data as depicted in Table 1. The percentage of PED predicts that C-H modes of the title compound
are very pure, since their percentage is almost100%.The bands at 2972 cm™ and 2925 cm™in the FT-IR
spectrum and the strong bands observed at 2911,2824 and 2858 cm™in the FT-Raman spectrum were due to the
C-H asymmetric stretching and presence of a methoxy group (O—CH,) in the fourth position of the benzene
ring. The in-plane bending observed at 1529 in FT Raman with 87% PED are well matched the calculated
wavenumber. The out-of-plane bending vibrations have been calculated at 1442, 1434, 1425 and 1419 cmin
B3LYP method and correlated with FT Raman at 1440 and 1432 cm™. The absorption is sensitive for both the
carbon and oxygen atoms of the carbonyl group. Normally, the C—O stretching vibrations occur in the region
1260-1000 cm™. In the present study, the C-O stretching vibration is assigned at calculated wavenumbers
between 1147 and 1027 cmshowing good agreement with experimental FTIR spectral region at 1083cm™,
1042 cm™ and 1055 cmin FT-Raman spectral region respectively. These assignments are in agreement with
the literature values®,

ii. UV Visible Spectroscopic Analysis
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Fig. 4 UV-VIS spectrum of Myristicin
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A substituent, typically methyl, hydroxyl, alkoxyl or amino group or an atom of halogen in a benzene
ring increases absorption of a molecule, when the auxochrome is conjugated with a m-electron system, the Amax
value is shifted to a longer wavelength. A methoxy subsititution is likely to show absorption peak at 270 nm.
The CI-M-DPQ in THF solution exhibits an absorption with a Ams at 270 nm, due to @ - m* transition
contributed by the methoxy conjugated quinoline back- bone*.Myristicin UV spectrum (fig 4) shows two
significant peaks at 219 and 273 nm. The peaks are associated with vibrational effects on n—x* transitions in
the allyl group and methoxy group. The methoxy and allyl groups are sandwiched chromophores on either side
of the benzodioxole group in myristicin thus giving rise to significant transitions accounting for the UV
absorption maxima at 219 and 273 nm.

iii. NBO analysis

Natural bond orbital analysis provide an efficient method for studying intra and inter molecular bonding
and interaction among bondsin both filled and virtual orbital spaces and provides a convenient basis for
investigating charge transfer or conjugative interaction in molecular systems. The second-order Fock matrix
was carried out to evaluate the donor—acceptor interactions in NBO analysis. For each donor (i) and acceptor (j),
the stabilization energy E, associated with the delocalization i — j is estimated as

qi (Fy;)?
& — &

EZ = AEI] =

where q; is the donor orbital occupancy, €; and ¢; are diagonal elements and F;; is the off diagonal NBO Fock
matrix element.The stabilization energy E(Table 2) associated with the hyper conjugative interactions viz. ¢
(C13-C14) — o* (C13-H24) ,0* (C14-H25) are obtained at 25.22 kJ/mol and o (C14-H26) — o* (C13-
H14),6* (C13-H24), o* (C14-H25) at 60.41 kJ/mol.The other hyper conjugate interactions of LP (2) of O1— =«
*(C5-C9), LP (2) of 03 — & *(C4-C6) with stabilization energies 39.04, 43.44 kJ/mol respectively. The most
significant interaction energy, related to the resonance in the molecule, is the electrons donating from
antibonding donator n*(C4-C6), n* (C5-C9) to the antibonding acceptor n*(C7-C8), n*(C7-C8) with large
stabilization energy of 206.15,227.74kJ/mol respectively. The larger the E(2) (energy of hyper conjugative
interactions) value, the more intensive is the interaction between electron donors and electron acceptors, i.e. the
more donating tendency from electron donors to electron acceptors, the greater the extent of conjugation of the
whole system.

Table. 2 Second order perturbation theory analysis of fock matrix in NBO basis

“EY |"E®-E®| FGd
Donor Acceptor (kJ/mol) (a.u) (a.u)
(i) Tvpe ED/e i) Tvpe ED/e
C4-Co T 1.67022 C5-C9 m* 0.44259 2428 0.33 0.082
C5-C9 T 1.68688 C7-CB m* 0.395005 24.77 0.33 0.082
cC7-C8 T 1.70174 Ca-Co w* 0.453 25.61 0.29 0.08
C13-C14 o 1.98951 Cl3-H24 ao* 0.02799 25.22 3.47 0.265
Cl14-H26 (5] Cl13-H24 ao* 0.02799 28.03 3.22 0.269
Cl4a-H26 o Cl14-H25 o* 0.02739 60.41 4.75 0.479
o1 LP(2) C5-C9 e 0.44259 43.44 0.41 0.127
03 LP(2) CA-CH m* 0.453 39.04 0.4 0.121
010 LP(2) 1.86114 Cc4-Ce m* 0.453 27.07 0.35 0.095
C4-Co ™ 0.453 C7-CB * 0.39009 206.15 0.02 0.09
C5-C9 w* 0.44259 C7-C8 m* 0.39009 227.74 0.02 0.092

iv HOMO-LUMO analysis
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Fig 5 Highest Occupied and Lowest Unoccupied Molecular Orbitals

HOMO = 594247V l

Owing to the interaction between Highest Occupied and Lowest Unoccupied Molecular
Orbitals(HOMO and LUMO) orbital of a structure, transition state of n—m* type is observed with regard to the
molecular orbital theory™. The frontier orbital gap helps characterize the chemical reactivity and the kinetic
stability of the molecule. The HOMO and LUMO energy gap for 6-allyl-4-methoxy-1,3-benzodioxole (Fig 5) is
5.54627 eV. The narrow energy gap, small frontier orbital gap facilitates high chemical reactivity and low
kinetic stability and is also termed as soft molecule™,

v. Molecular electrostatic potential

Molecular electrostatic potential have been found to be a very useful tool in investigation of correlation
between molecular structures with its physiochemical property relationship, including biomolecules and
drugs™. The different electrostatic potentialvalues of the surface are represented by different colors™. The
maximum negative region, which is the preferred site for electrophilic reactivity (oxygen) is shown in red
region in the MEPS fig. 6, the maximum positiveregion (hydrogen), for nucleophilic reactivity inwhite
represent the zero potentials.

Fig 6Molecular electrostatic potential( MEP) and Contour map of title compound

4. Conclusion

In the present work, the optimized molecular structure, vibrational frequencies, intensity of vibrations
of myristicin have been calculated by DFT method. The vibrational FT-IR and FT-Raman spectra exhibit good
agreement between the calculated and experimental results. The assignments of all the fundamental vibrational
modes have been made unambiguously based on the results of the PED output obtained from normal coordinate
analysis. The MEP map contour shows that the negative potential sites are on electronegative oxygen atoms as
well as the positive potential sites are around the hydrogen atoms. The movement of m-electron cloud from
donor to acceptor i.e. intramolecular charge transfer can make the molecule more polarized and the Natural
bond orbital (NBO) calculations reveals the delocalization and hyperconjugation interaction, intramolecular
charge transfer and stabilization energy of molecule and the HOMO-LUMO energy gap is responsible for the
NLO properties of molecule. It is henceforth established that the title molecule is an attractive object for future
studies on non-linear optical properties for the application in Pharmaceutical industries and fundamental
researches in chemistry and biology.
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