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Separation of Acid Diterpenes oCopaifera cearensigluber ex Ducke by Flash

Chromatography Using Potassium Hydroxide Impregnated Silica Gel
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Jr., Lothar Bergter, Maria Lucia Paitucci and Octavio A. C. Antunes
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O uso de cromatografia sob pressao (“flash chromatography”) utilizando-se coluna de gel de
silica impregnada com hidroxido de potassio levou ao fracionamento dos constituintes quimicos de
Copaifera cearensisiuber ex Ducke. A fragdo acida, ap0s esterificagdo com diazometano, foi
analisada por cromatografia gasosa de alta resolucao acoplada a espectrometria de massas ou a
espectrometria no infravermelho, possibilitando a identificagdo de onze diterpenos acidos.
Fracionamentos adicionais da fragdo acida por cromatografia liquida de alta eficiéncia em fase
reversa levaram ao isolamento de diversos acidos diterpénicos e de um sesquitprpéoiam
identificados através de seus dados espectroscopicos. A andlise da silica impregnada com hidroxido
de potassio mostrou que, além da deposicao do hidroxido na superficie da silica, ocorreu troca ibnica
com formagao de residuos Si-OK.

Various acid diterpenes @opaifera cearensisluber ex Duckevere isolated from the crude
extract by flash Silica Gel/Potassium Hydroxide Chromatography. The main components were
identified by GC-MS analyses. Further fractionation by reversed phase (RP) semi-preparative
HPLC allowed isolation and identification of minor components and provided additional spectral
data of those compounds. It was possible to detect the presence of eleven acid diterpenes in addition
to a sesquiterpene acid. In addition to potassium hydroxide deposition on the silica surface, the
presence of Si-OK residues, resulting from a cation exchange process, was established.

Keywords: Copaifera cearensjacidic diterpene fraction, GC-MS analysis, silica gel/potas-
sium hydroxide chromatography

Introduction the pharmacological activities ascribed to the oils. Several
Copaifera sppare known, includingCopaifera cearensis

Copaiba oils are exuded from the trunks of trees beHuber ex Duck& whose acid composition is described in

longing to theCopaiferagenus and can be found in many the present work. We also report the characterization of

drugstores in Brazil as a phytotherapeutical-®ilThese =~ KOH-impregnated silica g€l12by IR spectroscopy.

trees are found in northern and northeastern Brazil, as well

as in Venezuela, Colombia, Guyana, French Guiana a”ExperimentaI

Surinamé#4. The copaiba oils are known from folk medi-

cine due to their antiseptic, antiinflammatory; and paterials and methods

antiblenorrhagic propertiesThese oils were first described

by Gabriel Soares de Souza in 168fd were included in Crude oil fromCopaifera cearensiwas obtained as an

“The British Pharmacopoeia” in 1677 and “The United exudate from direct perforation of the trunk of the tree.

States Pharmacopoeia” in 182@ellegrinoet al.have  Melting points were determined on a Kofler block and are

studied the use of these oils against infectionSblyisto-  uncorrected. Infrared (IR) spectra were recorded as KBr

soma mansofi Basileet al have shown the analgesic and pellets or fluorolube mull on a Perkin EImer 1760X FT

antiinflammatory properties of these jlgonfirmed by  or Nicolet Magma 760 FT (for silica characterization)

Ferandegt all0. All these studies were carried out with spectrophotometers from 6000 to 400%r®ne- and two-

the crude oils, therefore showing the need of a better undedimensional (1D and 2D) nuclear magnetic resonance

standing of which component(s) would be responsible fofNMR) experiments were carried out on a Bruker 300 AC-P
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spectrometer (300.13 MHz féH NMR and 75.25 MHz

for 13C NMR) using CDCJ as solvent!3C NMR were
obtained under Composite Pulse Decouplingg29@® 4.4
ms). Distortionless Enhancement by Polarization Transfer
(DEPT) 13C NMR spectra were obtained considering
J (CH) 145 Hz. Shift Correlated Spectroscopy (COSY)
IH NMR spectra were obtained using standard Bruker
software COSY.AUR program (512 points F2; 256 points
F1). Heteronuclear Shift Correlation (HETCORE NMR
spectra were obtained using XHCOORD.AUR program
(2048 points F213C; 256 points F11H; J (CH) 10 Hz

for pulse interals). A Hevlett-Packard HP 5890A Gas
Chromatograph equipped with capillary columns, on-
column or split/splitless injectors and a flame ionization
detector (FID), was used. A Hewlett-Packard HP 5890A
Gas Chromatograph equipped with a capillary column

Pintoet al.

J. Braz. Chem. Soc.

Cativic acid methyl este2)!® (GC) EIMS m/z 320
(M*, 20%), 305 (40), 289 (14), 264 (10), 196 (27), 191
(80), 124 (20), 122 (100); (GC) CIMB/z 321 (M+1,
100%); (GC) IF\‘\)maX/CrTTl 2992, 2858, 1757, 1160, 833.

Copalic acid methyl esteB)8: (GC) EIMSm/z318
(M*, 18%), 303 (70), 286 (3), 271 (10), 244 (20), 229 (13),
205 (18), 192 (2), 177 (20); (GC) CIMB/z319 (M+1,
100%); (GC)Vax /el 3087, 2940, 2854, 1738, 1648,
1221, 1190, 893.

Kolavenic acid methyl ested)l”: (GC) EIMSm/z318
(M*, 14%), 303 (18), 275 (10), 271 (8), 243 (20), 191 (32),
189 (100), 175 (20): (GC) CIMB/z319 (M+1, 100%);
(GC) Vax fenT! 2953, 1738, 1648, 1221, 1150, 862.

Crolechinic acid methyl esteB)t8: (GC) EIMS m/z
332 (MF, 4%), 317 (3), 273 (6), 237 (75), 95 (36), 81 (100);

(BP5-SGE, 12 m, 0.33 mm, 1.0 mm, He as the carrier gas:10 (GC) CIMSM/z333 (M'+1, 100%); (GCYpyqy /cnT! 2943,

psi) and on-column injector (SGE 021) coupled to a FTI
HP 5965A (4000 - 750 ¢, was used. Transfer line and
IR cell were kept at 25€. GC conditions: 40 to 16C at
50°C mirrl, 16(°C (1 min) to 270C at ®C minl A
Hewlett-Packard GC-MS system HP 5988, electron impact
(El), at 70 eV, 208C ion source temperature, or chemical
ionization (Cl), 230 eV, Clfas the reagent gas, Pion
source temperature, equipped with a capillary column (He
as carrier gas), on-column (SGE 021) or split/splitless

R 2881, 1747, 1559, 1166, 8753C NMR & 14.8 (C-19),

16.0 (C-17), 18.0 (C-20), 18.1 (C-12), 21.0 (C-1), 24.9 (C-
3), 26.2 (C-2), 27.2 (C-7), 36.6 (C-8), 37.3 (C-5), 38.4 (C-
11), 38.9 (C-9), 39.9 (C-6), 49.3 (C-10), 50.9 (MeO), 57.6
(C-4),111.0 (C-14), 125.6 (C-13), 138.4 (C-16), 142.7 (C-
15), 174.9 (C-18).
Hardwickiic acid methyl este6)18.1% (GC) EIMSm/

2330 (MF, 12%), 315 (5), 299 (10), 283 (12), 235 (45), 203
(65), 175 (20), 139 (100), 96 (60), 95 (42), 81 (80); (GC)

injectors, was used. Flash chromatography using potassium CIMSm/z331 (M+1, 100%); (GCY,,/cnT 2962, 2884,

hydroxide modified silica was carried out with the material
produced as follows: 200 g of silica gel 60 (230-400 mesh)
in iPrOH (1 L) were stirred with 400 mL of a saturated
solution of KOH (50 g) for a period of 10 ml2 This
mixture was then transferred into a glass column and

1733, 1638, 1560, 1232, 1166, 938C NMR 5 15.9 (C-

17), 17.5 (C-1), 18.2 (C-20), 18.6 (C-12), 20.7 (C-19), 27.1
(C-7), 27.3 (C-2), 35.9 (C-6), 36.3 (C-8), 37.3 (C-5), 38.6
(C-11), 38.8 (C-9), 46.6 (C-10), 51.1 (MeO), 111.0 (C-14),
125.6 (C-13), 136.8 (C-3), 138.4 (C-16), 142.5 (C-4), 142.7

washed with 800 mL of hexane, under air pressure (less than (C-15), 167.9 (C-18).

1 atm}3 Crude oil (5.0 g) was then applied to the top of this

3-Methyl-5(2',2',6'-trimethyl-6’-hydroxycyclohexyl)-

column and eluted successively, under air pressure, with pentanoic acid methyl estef&)20 (GC) EIMS m/z 270

400 mL of hexane, C}Cl, and MeOH respectively. The
MeOH fraction was concentrated to a quarter of the initial
volume, acidified to pH 4 and extracted with £, which

was then evaporated. The gNj solution used to produce
methyl esters was obtained as follows: a solution of 45 g of
Diazald” in 450 mL of E§O was slowly added to a mixture
of 45 g of KOH, 90 mL of HO and 72 mL of EtOH, so
producing a very gentle distillation of GN,/ Et,0O, which

was collected on an ice bath and used whenever needed.

Spectral data

Eperuic acid methyl estet)t* (GC) EIMSm/z320
(M*, 35%), 305 (90), 289 (7), 192 (10), 191 (20), 177 (60),
137 (100); (GC) CIMSn/z321 (M+1, 100 %); (GC) IR
Ve /CNTL 3087, 2940, 2881, 1757, 1642, 1162, 892.

(M*, 2%), 252 (7), 238 (5), 196 (8), 195 (10), 177 (10), 153
(20), 112 (75), 109 (75), 43 (100); (GC) CIM&/z 253
(M*+1-18, 100%), 271 (W1, 2); (GCVpax/CNTL 2941,
2880, 1757, 1165.

3-Methyl-5(2',2',6'-trimethyl-6’-hydroxycyclohexyl)-
pentanoic acid7)2% 1H NMR & 0.77 (s, 3H), 0.89 (s,
3H), 0.95 (d,J 6.5 Hz, 3H), 1.07 (4.5 Hz, 1H), 1.14 (s,
3H), 1.2-1.7 (m, 10H), 1.74 (m, 1H), 1.87-2.00 (m, 1H),
2.10 (ddJ 15 and 7.5 Hz, 1H), 2.34 (d#i15 and 6.5 Hz,
1H); 13C NMR 519.8 (C-6), 20.4 (C-4"), 21.3 (C-8), 23.0
(C-9), 23.1 (C-5), 30.8 (C-3), 32.8 (C-7), 35.5(C-6"), 39.6
(C-4),41.3(C-2),41.4(C-5"),43.1(C-2"),57.0(C-1"),74.9
(C-27),178.4 (C-1).

Clerodan-15,18-dioic acid dimethyl est&):((GC)
EIMS m/z335 (M™-31, 2%), 307 (3), 251 (4), 237 (100),
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205 (55), 177 (70); (GC) CIM&/z395 (M+29, 15%),
335 (M*+1-32, 18), 307 (M+1-60, 100); (GCY,pax/CNTE
2058, 2882, 1749, 11684 NMR & 0.68 (s, 3H), 0.75 (d,

J 6.0 Hz, 3H), 0.93 (d] 6.8 Hz, 3H), 0.99 (s, 3H), 1.0-1.5
(m, 16H), 1.5-2.0(m, 3H), 2.1 (d#i7.0 and 3.0 Hz, 1H), 2.2
(d,J 7.0 Hz, 1H), 2.3 (dd] 12 and 6 Hz, 1HB.70 (s, 3H),
3.76 (s, 3H)}3C NMR614.8 (C-19), 15.9 (C-17), 18.2 (C-
20), 19.8 (C-16), 21.0 (C-1), 24.9 (C-3), 26.2 (C-2), 27.1
(C-7), 29.3 (C-12), 31.0 (C-13), 35.1 (C-11), 36.4 (C-8),
37.3 (C-5), 38.7 (C-9), 39.8 (C-6), 41.5 (C-14), 49.2 (C-
10), 50.8 (MeO-C-19), 51.3 (MeO-C-15), 57.5 (C-4), 173.6
(C-15), 175.0 (C-18).

Clerod-3-en-15,18-dioic acid dimethyl est@)2{:
(GC) EIMS m/z333 (M*-31, 28%), 332 (100), 235 (18),
203 (29), 175 (20), 139 (53); (GC) CIMS2393 (M"+29,
10%), 333 (M+1-32, 100).

Labdanolic acid methyl estei)22 (GC) EIMSm/z338
(M*, 29%), 323 (2), 320 (5), 305 (10), 267 (10), 235 (10), 191
(12), 177 (30), 144 (85), 125 (85), 101 (85), 69 (100); (GC)
CIMSm/z339 (M"+1, 5%), 321 (M+1-18, 100); (GO) yax
el 3632, 2936, 2880, 1757, 1161, 10B3;NMR & 0.78
(s, 6H), 0.88 (s, 3H), 0.95 (#6.50 Hz, 3H), 1.01 (,3.10 Hz,
1H), 1.15 (s, 3H), 1.2-1.3 (M, 2H), 1.3-1.5 (m, 6H), 1.5-1.7 (m,
6H),1.7-2.4 (m, 6H), 2.35 (ddi15.0 and 6.5 Hz, 1H3,68 (s,
3H); 13C NMR & 15.5 (C-20), 18.5 (C-2), 20.0 (C-16), 20.6
(C-6),21.5 (C-18), 22.4 (C-11), 24.0 (C-17), 31.1 (C-13), 33.3
(C-4), 33.4 (C-19), 39.2 (C-10), 39.7 (C-12), 40.3 (C-1), 41.3
(C-3), 42.0 (C-14), 44.5 (C-7), 51.4 (MeO-C-15), 56.2 (C-5),
62.1 (C-9), 74.3 (C-8), 174.0 (C-15).

Patagonic acid methyl estdr1}23.24 (GC) EIMSm/z
315 (20%), 314 (100), 299 (7), 271 (10), 203 (8), 175 (30),
139 (18), 105 (25); (GCY,qa /cNTL 2957, 2885, 1787,
1733, 1639, 1232, 1166, 1063, 82 NMR & 0.76 (s,
3H), 0.83 (dJ 6.5 Hz, 3H), 1.29 (s, 3H), 3.74 (s, 3H), 4.85
(dd,J 2 Hz, 2H), 6.66 (1) 4 Hz, 1H), 7.14 (t 3 Hz, 1H);
13C NMR 8 15.4 (C-17), 17.5 (C-1), 18.1 (C-20), 19.0 (C-
12), 20.7 (C-19), 27.1 (C-7), 27.2 (C-2), 36.0 (C-11), 36.3
(C-6), 36.3 (C-8), 37.6 (C-5), 38.7 (C-9), 46.6 (C-10), 51.1
(MeO-C-19), 70.1 (C-15), 135.0 (C-13), 136.9 (C-3), 142.3
(C-4), 143.4 (C-14), 167.7 (C-18), 174.2 (C-16).

Clerod-3-en-15,16-olide-18-o0ic acid methyl ester
(12)25: (GC) EIMSM/z348 (MF, 3%), 316 (6), 289 (8), 237
(100), 205 (25), 177 (40); (GG /crT! 2943, 2884,
1787, 1750, 1146, 1063 NMR & 0.72 (s, 3H), 0.80 (d,
J6.5 Hz, 3H), 1.04 (s, 3H), 3.63 (s, 3fJC NMR 514.8
(C-19), 15.9 (C-17), 18.0 (C-20), 18.9 (C-12), 21.0 (C-1),
24.9 (C-3), 26.1 (C-2), 27.1 (C-7), 35.6 (C-11), 36.6 (C-8),
37.3(C-5), 38.8 (C-9), 39.8 (C-6), 49.2 (C-10), 50.9 (MeO-
C-19), 57.4 (C-4), 70.1 (C-15), 134.9 (C-13), 142.3 (C-14),
174.3 (C-16), 174.9 (C-18).

Results and Discussion

Characterization of the modified silica

Useful information on the silica surface and $iO
network can be obtained by IR spectroscopy which is
therefore a good method to study silica modifications.
Detailed interpretation of the IR of various forms of silica
has been published in the literat#tfél

The IR spectra of silica gel 60 (silica-1) and of the sample
treated with a solution of KOH (5%) iRrOH (silica-2) are
shown inTable 1. The IR spectra of these samples are very
similar in the siloxane bulk region (1500 to 400-&mn
which suggests no or only minor changes in the bulk of
the SiG, particles. However, the position of the absorption
assigned to the Si-OX stretching vibration (a surface mode
of Si-OX groups) is shifted from 977 chin the pure
silica to 963 cri, which can be attributed to the exchange
of H* by K* on the surface of the silica particles. In the
silanol and water regions (6000 to 16009rahanges in
the bands shapes and positions are observed and the
absorption due to the combination of stretching and
deformation modes of the Si-OH groups is not observed
in the silica-2 spectrum. These results correlate with a large
decrease in the number of -SiOH surface groups and
indicate a significant modification on the silica surface.
When 0.50 g of silica-2 is washed with 50 mL of water, the
pH of the resulting solution is equal to 9.5 and after 20
washings (1L of water) the pH stabilizes at 6.0. The washings
of silica-1 with 50 mL of water result in a solution of pH 5.5
and this pH is the same after 20 washings. The IR spectrum
of silica-3 (prepared by washing silica-2 with 1 L of water)
is very similar to that of silica-2, in the 1500 to 400°&m
region (see Table 1). The ahsiiwn assigned to the Si-OX
stretching vibration is observed at 966 mhich indicates
that the washing procedure removes very fewdfs from
the silica surface. In the 6000 to 1600-tnegion only
minor modifications of bands, shapes and positions could
be observed. An additional important observation is the
absence of any intense band that could be attributed to
silicate stretching modes in the residue from the washings.
These results can be explained by the presence of adsorbed
KOH on the silica-2 surface that is eliminated by washing.
The decrease in the surface area (BET method) from
246 gl (silica-1) to 68 gl (silica-2) is another evi-
dence of KOH deposition on the silica surface.

The modifications of the silica surface can also be
analyzed by the changes in the stretching frequency of the
surface adsorbed water. The absorptions at 1628, cm
1639 cm! and 1631 cm, v,, were assigned to silica-1,
silica-2 and silica-3, respectively suggesting that in the
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Table 1. Assignments of the observed absorption bandsl/cm

ASSIGNMENT SILICA-1 SILICA-2 SILICA-3 t
(V5 + Vg H,0 5274 5250 5263 t
(v +9) Si-OH 4532 - 4533
4490 44768
(v) OH 3665 3598 3630
3405 3417 3395
3248 3272 3296
SiO, network overtones
or combinations 1984 - 1988
1872 1870 1870
vy, H,0 1628 1639 1631
SiO, asymmetric stretching 1170 1170 1170
1105 1101 1102
8 Si-OX 977 963 966
SiQ, symmetric stretching 801 800 800
8 Si-O-Si 471 472 472

a\/ery weak absorpsion.

J. Braz. Chem. Soc.

extract led to a significant improvement of this profile,

herefore confirming the presence of carboxylic acids in
he extract.
In order to verify the effect of the injection mode, GC

analysis of the crude oil was then carried out by using the
cold on-column injection mode. The chromatogram
obtained showed no difference from the previous one,
under split injection mode,e,, no artifact formation was
observed due to the injection mode.

Flash chromatography of 5 g of the crude oil on silica

gel/potassium hydroxide was then successively eluted with
400 mL portions of hexane (fraction 1, 2.60 g), L
(fraction 2, 0.50 g) and MeOH (fraction 3, 1.70 g), 96%
of the original mass was recovered. The combination of
the GC chromatograms of fractions 1, 2 and 3 (after
methylation) reproduced qualitatively and quantitatively

the chromatogram of the crude oil after methylation.

three samples the water molecules are proton ddndtais,

the basicity of the silica surface can be characterized by an
analysis of the shapes and positions of the bands associatec
with the surface adsorbed water vibrational méte4 The
greater the wavenumber of thig absorption, the higher

the basicity of the silica surfage32and therefore the
increasing order of basicity is silica-1 < silica-3 < silica-2.
As expected, a decrease in the wavenumber of the band due
to the combinatiorv, + v, of the hydrogen-bonded,B
molecules is observed and follows the trend silica-1 > silica-
3 > silica-2. An increase in their width is also noted in the
order silica-1 < silica-3 < silica-2. So, the order of basicity
also agrees with the variation in the position and shape
of this band. These results agree with the hypothesis of
deposition of KOH on the surface of silica-2, with the
elimination of this KOH by washing in the silica-3, and
with the presence of —SiR* groups on the surface of
silica-3.

Separation and characterization of the acid diterpenes of
Copaifera cearensis Huber ex Ducke

The IR spectrum of the crude copaiba oil showed an
absorption at 1740 ch(v-o) and a broad, medium, band
between 3500 and 2600 cinattributed to carboxylic
acids. After methylation of the crude oil with gé,, the
IR spectrum showed a strong absorption at 3306 cm
(hydroxyl band), and absorptions at 1160%cw._o), and
1740 cmt (Vc=0), thus showing the presence of carboxy-
lic acids in the crude extract which confirmed previously
published results.

GC analysis of the crude oil showed broad tailing peaks
between 6 and 20 min, which were related to the presence
of free carboxylic acids. GC analysis of the methylated
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Figure 1. A) Chromatogram of th&opaifera cearensi®il (esterified).

B) Chromatogram of the acid fraction separated by the KOH-modified
silica gel column. (after esterification - fraction 3).

The identified methyl esters of the acids ateeperuic;2 cativic; 3
copalic; 4 kolavenic; 5 clorechinic; 6 hardwickiic; 7a 3-methyl-
5(2',2',6’-trimethyl-6’-hydroxycyclohexyl)-pentanoi clerodan-
15,18-dioic; 9 3-cleroden-15,18-dioic10 labdanolic.
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The IR spectrum of fraction 3 showed a carboxylic o 1COOR
acid absorption between 3500 and 2500 lcwhich
disappeared after methylation, in addition tw@ o at
1750 cmt.

GC-MS analyses of methylated fraction 3 were under- L
taken and based on comparisons with the Wiley-HP 59943P 7b R=H
database and other published data, it was possible to identify
the methyl esters of eperuic acld, cativic acid 2), copalic
acid (3), kolavenic acid 4), crolechinic acid §) and
hardwickiic acid (15,16-epoxy-3,13(16),14-clerodatrien-
18-oic acid) 6) (Scheme 1).

Scheme 2.

In order to investigate the two additional constituents
of LC-4, this fraction was submited to further fractionation
by HPLC (300 mm, 4.6 mm ID, 5 mm;bondapak C-18)
by using 90% CHCN/ H,0O at 1.0 mL min-. Fraction
LC-4a, after methylation, upon GC-MS analysis, contained
hardwickiic acid (methyl este6) and crolechinic acid
(methyl ester5), and LC-4b, after methylation, upon
GC-MS analysis, contained patagonic acid (methyl é4jer
and its A3 saturated formderod-13-en-15,16-olide-
18-oic acid (methyl estdr2) (Scheme 3).

COOMe

Scheme 1.
cooMe
. . . . 11
Further fractionation of the free carboxylic acids present
in fraction 3 was carried out by semipreparative HPLC (300 Scheme 3.
mm, 7.8 mm ID, 5 mmy-bondapak C-18). Elution of
fraction 3 with 85% MeOH/KO (acidified to pH 5 with Fractionation by semipreparative HPLC opened the

H4PO,), at 2.0 mL min® under RI detection, allowed  possibility of obtaining GC-IR data for fractions LC-2,
collection of 5 fractions (LC-1 to LC-5). These fractions LC-3 and LC-4b and provided amounts of fractions LC-1,
were then methylated and analyzed by GC-MS. LC-1 was LC-2, LC-3, LC-4a and LC-4b large enough to be ana-
found to be a single compound, a sesquiterpene acid lyzed by NMR {H, 13C, COSY, and HETCOR) whiaton-
(methyl estera), LC-2, two diterpene acids (methyl esters  firmed the above findings.

8 and9), and LC-3 contained a diterpene acid (methyl ester

10) as the a main constituent. LC-4 was composed of Conclusions

hardwickiic acid (methyl este6) and crolechinic acid

(methyl ester5), in addition to two other components. A fraction containing acid terpenes was conveniently
Finally, LC-5 was a complex mixture in which eperuic acid  isolated from the crude extract 6bpaifera cearensiby
(methyl estet) and copalic acid (methyl esBywere present  silica gel/potassium hydroxide flash chromatography. The
(Scheme 2). main components of this fraction were identified by
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GC-MS. Further fractionation of this extract by reversed
phase semipreparative HPLC made it possible, not only to
identify some minor constituents, but also to provide
additional analytical data on the components of this acidic
fraction. The stereochemistry of the compounds showed in
the present paper are in agreement with those published in the
literature and therefore, must be regarded as relative. The pro-
cedure described in the present paper was reproducible quali-
tatively and quantitatively. The use of this methodology will
make possible the necessary quality control of copaiba oils
which are commercially available at several drugstores. Based
on IR analyses it was shown that the overall effect of washing
silica with KOH was to decrease surface area, with deposition
of KOH on the silica surface, in addition to formation

of Si-OK due to a cation exchange process. In addition, as
far as we know, this is the first time that the KOH-modified
silica gel, commonly used in chromatograph$3:34 is
characterized by IR spectroscopy.
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