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ABSTRACT

Practical and simple techniques are described for using no modified domestic microwave ovens as safe and
convenient laboratory devices to obtain numerous esters. In this work, an optimization of the solvent-free
acetylation of natural product (diterpenoids) with acetic anhydride under microwave heating with iodine as a
catalyst was performed in an eco-friendly process. The reactions were carried out under solvent-free conditions and
the acetates were obtained in nearly quantitative yields with dramatic reduction of reaction time compared to
standard oil-bath heating at room temperature. A complete theoretical study of the reaction has also been carried
out using density functional methods (B3LYP/6-31G*)
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INTRODUCTION

Acetylation of alcohols is an important and roulynetilized transformation in organic chemistry 41.- Among the
various protecting groups used for the hydroxylugrcacetyl is one of the most common groups, bsiafgle in the
acid reaction conditions and eases of removal by alkaline hydrolysis. For this purpose, acetitiaride is
commonly employed [5-7] with an acid or base caftalsuch as zinc chloride, concentrated sulphucid, a
anhydrous sodium acetate or, most often, pyrid#gd]. Ketones (totarolone 1, hinikione 2) and ab® (totarol 3,
ferruginol 4) were isolated frofetraclinis articulata plant. The structures of these compounds werdifaghby
the spectral dattH, **C NMR and mass spectroscopy [13-15]. The diterminisiolated from this plant have good
pharmacological activities [16-20]. To improve ttfeemical and pharmacological properties of compeund?, 3,
and 4, we have isolated already quoted fistnaclinis articulata plant and then underwent an acetylation to give
esters. The molecular structures of these compoarelsllustrated in Scheme 1. Then, the secondainterns
theoretical studies using DFT methods, trying ttaobsome information about the factors affectiagativity and
selectivity of these reactions.

RESULTS AND DISCUSSION
In order to optimize acetylation reaction of natutiterpenoids: totarolone 1, hinikione 2, totaBohnd ferruginol 4,

we have chosen as model substrates (Scheme 1)reBlatons were conducted firstly using acetic aniad
(AC,0) in pyridine at room temperature (RT) and inuefin different reaction times (Table 1).
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> acetic anhydride <
in pyridine

Scheme 1: Acetylation reactions of the diterpenesofarolone, hinikione, totarol and ferruginol). AC,O/Pyr/RT
To confirm the role of acetic anhydride, a blank r@ction was carried out under similar reaction condiions with totarolone 1, hinikione 2,
totarol 3 and ferruginol 4 as a substrate pyriding(Table 1)

Table 1: The yield of the diterpenes obtained afteacetylation reaction(AC,O/pyr)

Diterpenes| Acetic anhydride Timejh  Yield %oYield % (reflux)
(RT)
1 0.5 3h (1a) 30 (1a) 50
2 1 6h (22) 60 (22) 95
3 15 9h (3a) 80 (3a) 100
4 2 12 h (4a) 95 (4a) 100

As it can be seen in Table 1, the stoichiometryhef reaction is also a key point. Using 0.5 eqeinbbf acetic
anhydride with diterpene 1, product 1a was obtaseldctively in 30% yield after 3h at room temperatand in
50% yield at reflux. The replacement of 0.5 by eqeivalent of acetic anhydride under similar reactonditions
gives the product 2a in only 60% vyield after 6lvaatm temperature and in 95% vyield at reflux. Whewas used
more than 1 equiv. of acetic anhydride, both aeetatarolone and acetate hinikione compounds 3adandere
obtained with a 100% yield at reflux.

When totarolone 1, hinikione 2, totarol 3 and fginal 4 were heated with a mixture of acetic anideland iodine
under microwave irradiation, the acetylation reattoccurred easily. [21-29] (We use non-modifiedndstic
microwave ovens as processes).

As shown in Table 2, the times and yield of thedpigis increased with the increasing quantitie®dine, which is
resulted by the fact that in the condition of aagrexcess of acetic anhydride, more acetic anhgdodine
intermediates have been produced while increatie@inounts of iodine, and thus diterpenoids (B, &d_4) were
more easily acetylated. With an increment in theoamb of iodine from 2 to 10 mol%, the yield of prmts
increased up to 100%.

Table 2: The yield of the acetylated diterpenes obined with different concentrations of iodine as &atalyst and different times

Products| % in mol. of Time (min) | Yield % at microwave
(iodine b)
la 2 4 40
2a 5 8 80
3a 8 12 100
4a 10 16 100

MATERIALS AND METHODS

NMR studies were performed on a Bruker Avance 3frsometer in CDGJ chemical shifts are given in ppm
relative to external TMS (tetramethylsilane) andigling constantJ) in Hz. All the spectroscopic data of the
known products were compared with those reportdéhdditerature.
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Synthesis of esters

» A solution of the diterpenoids 1, 2, 3 and 4 (60, @@ mmol) in acetic anhydride 0.5, 1, 1.5 and ah
respectively and pyridine (25 ml) was heated unééux (or room temperature). After cooling the toibe was
acidified with a solution of HCI (1N) and then eadted with CHCI, (3 x 20 ml). The organic layer was washed
with water, dried on anhydrous PO, and then evaporated under reduced pressure. Théet residue was
chromatographied on silica gel column using hexartethyl acetate (95/5) as eluent.

Author methods for synthesis of esters

A series of different concentrations of iodine $28, and 10 mol%) was added to a mixture whichaioad 0.05 g
of 1, 2, 3 and 4 and 15 mL of acetic anhydride 50anL of three-necked flask fitted with a mechahgtirrer from
sample_1 to sample 4. The mixtures were treate@miigd optimum conditions in which the diterpenadsnples
were acetylated at 120 °C for different times (4nfi@min) under 400 W microwave powers. The mixtus
washed with a solution of N@O; (1N) then extracted with Ci&l, (3 x 20 ml). The organic layer was washed with
water, dried on anhydrous p&O, and then evaporated under reduced pressure. Ttaned residue was
chromatographied on silica gel column using hexartethyl acetate (95/5) as eluent.

(4bS,8a9)-1-isopropyl-4b,8,8-trimethyl-7-oxo-4b,5,6,7,8,8a,9,10-octahydro-phenanthren-2-yl  acetate (1a). Yield:
50%."H NMR (300 MHz, CDG) & (ppm): 1.16 (s, 3H); 1.18 (s, 3H); 2.1 (s, 3HR 8&n, 1H); 6.52 (d, J = 7 Hz,
1H); 6.95 (d, J = 7 Hz, 1H*C NMR (75 MHz, CDG) & (ppm): 17.2, 19.1, 25 (4CH3); 170 (CQ{ 141.1 (C1);
147.9 (C2); 118.1 (C3); 123.0 (C4); 143.1 (C4a}.53C10a); 218.5 (C7).

(4bS,8a9)-2-isopropyl-4b,8,8-trimethyl-7-oxo-4b,5,6,7,8,8a,9,10-octahydro-phenanthren-3-yl acetate. (2a). Yield:
95%.'H NMR (300 MHz, CDC}) & (ppm): 1.48 (s, 3H); 2.1 (s, 3H); 3.1 (m, 1H); €s71H); 6.9 (s, 1H)*C NMR
(75 MHz, CDC}) 8 (ppm): 17.0, 19.0, 25.1 (4CH3); 168 (COCH3); 12€°1); 138.1 (C2); 147.7 (C3); 117.3 (C4);
144.7 (C4a); 132.8 (C10a); 215.7 (C7).

(4bS,8a9)-1-1sopropyl-4b,8,8-trimethyl-4b,5,6,7,8,8a,9,10-octahydrophenanthren-2-yl-acetate (3a). Yield: 100%.
H NMR (300 MHz, CDC}) & (ppm): 1.11 (s, 3H); 1.5 (s, 3H); 2.12 (s, 3H)} 8n, 1H); 6.66 (d, J = 7.1 Hz, 1H);
6.9 (d, J =7.1Hz, 1H)*C NMR (75 MHz, CDCJ) & (ppm): 25.1, 25.3, 16.2 (4CH3); 169 (COCH3); 14(C1);
147.6 (C2); 118.0 (C3); 124.1 (C4); 141.1 (C4ap.83C10a).

(4bS,8aS)-2-1 sopropyl-4b,8,8-trimethyl-4b,5,6,7,8,8a,9,10-octahydr ophenanthren-3-yl-acetate (4a). Yield: 100%*H
NMR (300 MHz, CDCJ) & (ppm): 1.11 (s, 3H); 1.44 (s, 3H); 2.08 (s, 3HLB(m, 1H); 6.85 (s, 1H); 6.75 (s, 1H).
¥3C NMR (75 MHz, CDC)) 5 (ppm): 17.0, 25.2, 25.4 (4CH3); 168.8 (COCH3); .226(C1); 138.6 (C2); 147.8
(C3); 119.1 (C4); 142.1 (C4a); 134.1 (C10a).

DFT calculations.

An analysis of the DFT reactivity indices of theagents is performed to understand the participatibthese
reagents in esterification reaction or aromaticsstibn [30], as well as in chemioselectivity [3T]he global DFT
reactivity indices, namely electronic chemical poiE, p, chemical hardness), electrophilicity », and
nucleophilicity N indices of diterperis 2, 3, 4 and AGO are given in table 3.

Table 3: Electronic chemical potential, p, chemicahardness, electrophilicity o, and nucleophilicity N values, in eV, of diterpend, 2, 3,
4 and AC,0O

n p o N

Totarolone| 5.11] -3.1§ 0.99 3.78
Hinikione | 5.65| -2.72| 0.6 3.9y
Totarane 579 -292 0.78 3.10
Hinihane 5.78| -2.91 0.7 3.7p
AC,0O 6.80| -4.28| 1.34 1.8%

*The index of the electrophilicity of ALD (1.34 eV) is higher than that four of diterpdng, 3, 4. Therefore, in this
reaction will behave as electrophilic when the piaigl, 2, 3, 4 will behave as a nucleophiles.

*Aw < 1 eV. This shows that these reactions have tar pbaracter.

* The electronic potential chemical of diterpeh2, 3, 4 (-3.18, -2.72, -2.92, -2.91) is higher than thiathe AGO
-4.28 eV), which implies that the transfer of etens will take place of diterpens towards the,&C

Analysis of the local descriptors.
Along a polar reaction involving the participatiohasymmetric reagents, the most favorable reactinanel is the
one involving the initial two-centre interactiontiveen the most electrophilic centre of the elediilepand the most
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nucleophilic centre of the nucleophile. Recenthe proposed the electrophiligf and nucleophilicP, Parr
functions derived from the excess of spin electtensity reached via the global electron densitystier (GEDT)
process from the nucleophile to the electrophileictv are powerful tools in the study of the loadctivity in polar
processes.

Accordingly, the nucleophili@, Parr functions for diterpene are analyzed (see@elB3).

The oxygen atom of the hydroxyl of diterpenes ig tmost nucleophilic centre of these molecules. The
corresponding nucleophili€, Parr functions are 0.14, 0.16, 0.14 and 0.09. No& the aromatics carbons for
diterpenes present low nucleophilic activation.t@aother hand, the C1, C4 carbons atom of bothiderol are the
most electrophilic centre of these molecules. Tnsalysis is in complete agreement with the cherfécteity
observed in the reactions of these diterpenes

e} e}
O\ o\
?\\ 00 0\;
0. L) 4
N OH
0"

N,=0.52 N,=0.59 N,=0.55 No= 0.33
N5=0.20 N3=0.03 N5=0.04 Ni=-0.44
Ne=0.04 N,=0.29 Ng=0.19 Ny=-0.44
Totarolone Totarol Hinikione Ferruginol

Scheme 3: values of the local nucleophilic Parr fugtions of the reagents
Computational methods

DFT computations were carried out using the B3LBRP-83] exchange-correlation functional, togethethwhe
standard 6-31G(d) basis set [34]. The optimizatievexe carried out using the Berny analytical gradie
optimization method [35-36RAIl computations were carried out with the Gausgl8rsuite of programs [37].

2
The global electrophilicity indexy, is given by the expressiom, = ‘2'—" in terms of the electronic chemical potential
p and the chemical hardneg438]. Both quantities may be approached in terms obtieelectron energies of the

frontier molecular orbital HOMO and LUMO, a%uomo andeymo, u=(w) and

n = (€Lumo—Enomo), respectively [39-40]. Recently, we introducedeanpirical (relative) nucleophilicity index, N,
based on the HOMO energies obtained within the K&mam scheme and defined Ns= (Eyomonu) —
Eyomorcr)) [41]. The nucleophilicity is referred to tetracyanodeéme (TCE), because it presents the lowest
HOMO energy in a large series of molecules alréadgstigated in the context of polar cycloadditiofikis choice
allows us to handle conveniently a nucleophiligitale of positive values.

The P electrophilic andP; nucleophilic Parr functions [42-49], which allowrfthe characterization of the
electrophilic and nucleophilic centers of a molegulere obtained through the analysis of the Meiilatomic spin
density of the radical anion and the radical catibthe studied molecules, respectively.

CONCLUSION

The chemioselectivity of the reactions between saditerpenes with acetic anhydride was studied using
DFT/B3LYP/6-31(d). Analysis of the global electraldity and nucleophilicity indices showed that elipenes
behave as a nucleophile, while acetic anhydrideateh as an electrophile. The chemioselectivity doun
experimentally was confirmed by local indices o€lewphilicity.
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