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ABSTRACT

The polyhydroxy compounds, glycerol, mannitol, glucose, quinic acid and lactic
acid were identified from the ethyl acetate and alcoholic extracts of the plant
Ficus itteophylla. These compounds were analysed by 3-part TLC with authentic
samples, 1D and 2D-NMR. Their acetates were also investigated.

INTRODUCTION

The Ficus -species belong to the family
Moracea which consists of trees, shrubs
and a few woody herbs found
predominantly in the tropics. Some species
of Ficus show a remarkable development of
acrial roots, and they may start life as
. epiphytes. Epiphytic Ficus has an initial
saprophytic mode of life.

Plants in the Ficus family have a lot of
medicinal, food and other uses. Such
include uses as fodder' , cure for
diarrthoea®, pile and haemorrhoids®*,
treatment - of diabetes’®, treatment of
bacterial, microbial, fungal and viral
infections™. Their use in the treatment of
asthma and snake bites has also been
reported’. The fig is an article of food in
Southern Nigeria'®

Many researchers have investigated and
isolated wvarious types of chemical
compounds from different species of the
genus Ficus , which may account for
pharmacological actions, medicinal and
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other uses of these¢ plants. Examples of
such compounds are acids''™"”. terpencs'.
steroids'*"”, flavones and coumarins'™"".
sugars and their derivatives™™  and
alkaloids™'. The isolation and identifica-
tion_of hordenine and catcchol from /-
itieophylla have been reported™. In the
search for more of the constitucnts of this
plant, we identified thc polvhyvdroxyl
compounds glycerol, mannitol. glucosc.
quinic acid and lactic acid from the
alcoholic extracts.

EXPERIMENTAL

- Equipment

All solvents used were rcdistilled on a
vertical still"and all NMR data were
obtained from a 400 MHz Bruker NMR
Spectrophotometer model ADVANCE
DPX40. IR spectra were obtained from
Perkin-Elmer IR Spectrophotometer 1600
Series FT IR, with Hewlett Packard Color
Pro Printer while GC-MS and UV spectra
were respectively obtained from Hewlctt
Packard Gas Chromatographic Machine
GC 5890 + TRIO-1 Mass Spectrometer by
VG Lab Ltd, and CE660 Multimude
Computing UV Spectrophotometer 6000
Series.” TLC was carried out on 0.2 mm



layer of silica (Merck, Kieselgel 60F,s4) on
aluminium sheets while column
chromatography was carried out on silica
gel (60-120 mesh size).

Ixtraction

Powdcred bark of the plant Ficus
itteophylla (600 g) was packed into a
Soxhlct apparatus and cxtracted with water
(35 L) for 7 days. The extract was
concentrated on the rotary cvaporator and
dricd under high vacuum to give a solid
extract (yield 97.16 g, 16.2%). The extract
(85.0 g) was packed into'a thimble of a 500

cm’ capacity Soxhlet cxtractor and
extraction carried out using increasingly
polar solvents; petrolecum  spirit, ethyl

acctate, chloroform, acctone, cthanol and
methanol (600 cm” cach). Table 1 gives the
results obtained.

Table 1:Solvents, percentage extraction
and extract weight per 85 ¢ of
crude aqueous extract.

Solvent % Lxtract weivht
Lxtraction (o &Yy

Pctrolcum 0.05 0.04
spirit

Ethvl acctate .24 BN
Chloroform 0.02 (.42
Acctonc 1.62 .38
Ethanol 14,15 [2.03
Mcthanol 14.80 [2.38

Analysis of ethyl acetate extract

Ethvi acctatc cxtract (1.20 g) was purified
by column chromatography on silica using
petrofcum spirit. cthyl acetate, chloroform,
acctone and methanol as mobile phasc thus
increasing solvent polarity stepwisely. Five
fractions were  collected as  follows:
Fraction 1 (10 mg, R, 0.90), Fraction 2
(150 mg, R; 0.70), Fraction 3 (150 mg, R¢
0.65), Fraction 4 (150 mg, Ry 0.50) and
Fraction 5 (440 mg, R, 0.44, 0.30 and
0.20). Mobile phasc for TLC was
CHCl;:acetone (80:20).
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Fraction 5 was re-chromatographed and’
the main component on analysis gave gy
(D;0) 0.7-1.1 (m), 1.20 (d, J 6.9 Hz), 1.3-
2.2 (m), 2.3 (m) 3.45 (dd J 11.8, 6.5 Hz),
3.5-3.95 (m), 4.08 (quartct J 6.9 Hz), 4.04
-4.5 (m), and 6.25-7.25 (m). 3-part TLC
with  authentic  lactic acid, eluent
CHClz:acetone (80:20), Ry 0.36 and 'H-
NMR spectra 6y (D,0) 121 (3H, d, J
6.9Hz), 4.01 (1H, quartct, .J 6.9 Hz) Sy
(CDs0OD) 1.36 (3H, d, /6.7 Hz), 4.18 (1H,
quartet, J 6.6 Hz). Identical shifts and
coupling constants werc measured when
fraction 5 was rerun in CD;OD oy
(CD;0D) 0.8-1.1 (m), 1.28 (d. .J 6.8 Hz).
1.7-3.0 (m), 3.2-4.0 (m), 4.05 (quartet. ./
6.8 Hz), and 6.2-7.6 (m).

Analysis of EtOH extract

TLC of EtOH extract was carried out in a
varicty of solvent mixtures but there was
no appreciable separation. The 'H-NMR
spectrum of the extract is dy (D-0) 2.1
(d), 2.25 (d), 3-4 (m, a-hydroxyl protons),
7.25 (d, J 7.5Hz, p-substituted aromatic),
and 755 (d, J 8.1 Hz, p-substituted
aromatic). Action of Fehling's solution on
an aqueous solution of this cxtract gave a
brick-red precipitate of Cu,O.

Acetylation

EtOH extract (5.0 g, 0.027 mol, based on
hexose monosaccharide, 180 Daltons) was
dissolved in pyridine (0.81 moles, 30
equiv., 64 g) and acetic anhydride (0.27
moles, 10 cquiv.,, 27.5 g) was added
dropwise into the stirred mixture over a
period of lhr. at 0 °C. The reaction was
monitored by TLC until 3-part TLC with
starting material indicated the completion
of acetylation..

The reaction mixture was worked up and
concentration gave a crude semi-solid (2.80
g, 56%). 8y 2.08 (m. acctoxy protons).

222 (d), 240 (d), 3.1 (m). 3.75-4.8 (m).



4.9 (m), 5.1-5.3 (m), 5.4-5.6 (m), 5.7 (d)
733 (m), and 862 (s). Column
chromatography of the sample was done on
silica. Elution commenced with neat
petroleum spirit with the polarity increased
at a fast rate (25% increments) to
chloroform, then at a slow rate (5%
increments) to acetone and finally MeOH.
Five fractions were collected as follows:
Fraction 1 (10 mg, Ry = 0.80 and 0.76),
Fraction 2 (20 mg, Ry 0.76 and 0.74),
Fraction 3 (1530 mg, R; 0.75 and 0.65).
Fraction 4 {40 mg, R; 0.56 (streaking)}

‘and Fraction 5 (600 mg, R 0.45, 0.30, &
(‘0.20). Mobile phase was CHCl;:.acetone
(80:20). Two of these fractions are
reported below.

Fraction 2: Spectra analysis gave Sy 2.08
(m, acetoxy methyl groups), 2.20 (m), 385
(m, H-5 proton of B-glucose pentaacetate),
4.12 (m), 428 (m + d, J 2.7Hz), 5.12 (m),
524 (t), 55 (d, J 23 Hz), 572 d, J
83Hz, H-1 proton of P-glucose
pentaacetate), 5.84 (d), 6.35 (d, J 3.7 Hg,
H-1 proton of a-glucose pentaacetate). 5-
part TLC with B-glucose pentaacetate and
a-glucose pentaacetate, Ry 022 m
petroleum  spiritEt,0  (1:1).  This
integration ratio together with TLC result
shows the presence of a 1:1 mixture of B-
and a-glucose pentaacetate.
Fraction 3: Spectra analysis gave 5y 2.00
(m, 9H, 3CH;C =-0) 2.24 (5), 3.64 (m),
3.75 (m), 4.18 (2H, dd, J 12.0, 6.0Hz, H-
1& H-3 triacetin), 4.32 (2H, dd, J 12.0,
4.3 Hz, H-1'& H-3' triacetin), 5.18 (1H, tt,
J 5.8, 4.4 Hz, H-2 triacetin), and 7.1-7.2
(m). The 2D-'H-'H J correlated NMR of
. this fraction indicates the correlation
between the major peaks in the 1D-NMR
plot which suggests the presence of
propane-1, 2, 3-triacetate.(triacetin) GC-
MS DB 17 [49 °C (4min.) x 15 °C /min,
325 °C (10 min)] RT 13.18 (propane-1, 2,
3-triacetate) 158 (3%), 145 (55%),
115(35%), 103 (65%), 43 (100%). 3-part
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TLC with an authentic sample of triacetin
in 20% acetone in CHCI; gave a singlc spot
atR;0.35.

Analysis of MeOH extract

TLC of this extract was done in a varicty
of solvent systems including n-BuOH:
acetic acid: water (4:1:5) but no scparation
was achieved. The 'H-NMR analysis of
this fraction gave 8y (D.0)1.20 (dd, J-
13.5, 10.9Hz), 1.70 {dd. J 13.5, 10.9 Hz,),
1.85 (dd, J 3.7, 2.9 Hz), 1.95 (m), 2.4 (s),
275 (s), 3.42 (dd, J 9.3.3.1 Hz), 3.3-3.8

(m), .7 ‘quartet, J 3.4 Hz). 45(d. J 79
Hz), 5.12 (d, J 3.5 Hz), 6.75 (d. .J 8.4 Hz),
6.85 (d, J2.6Hz, d, J 8.0 Hz). 7.1 (d). and
7.3 (d). When a solution of the cxtract in
water was treated with Fchling's solution
and heated for 15 munutes in a water bath.
a brick-red precipitate of Cu.0O was
formed.

Acetylation

MeOH extract (2.0 g, 0.011 mol. based on
hexosg monosaccharide, 180 Daltons) was

dissolved in pyridine (26.33 g. 0.33 mol.
30 equiv.) and acetic anhydride (12.2 g.
0.12 mol, 10 equiv:) werc mixed at room
temperature. The mixturc was stirred at
room temperature, followed by 3-part TLC
which ascertained thc completion of
acetylation after 3 days. The rcaction
mixture was worked up to give the product
(0.60 g, 30% based on extract weight). The

'H-NMR gave &gy 1.20 (m). 2.0 (acetoxy

methyl protons), 2.20 (m), 248 (d). 2.6
(d), 3.0 (m), 3.35-4.35 (m). 4.8 (m), 5.1
(m), 5.4 (m), and 5.6 (d). 2D-NMR of thc
sample shows a lot of correlations between
the groups. The sample was purified by
flash column chromatography in a silica-
gel column. Elution started with neat petrol
and the polarity was increased stepwiscly
by addition of Et,0, then CHCI; and finally
acetone. Five main fractions were collected
as follows: Fraction 1 (< 0.01 g, R; 0.82),
Fraction 2 (0.01 g, Ry 0.80 and 0.60),



Fraction 3 (< 0.01 g, R 0.42 and 0.30),
Fraction 4 (0.01 g, R¢ 0.30) and Fraction 5
(0.48 g, Ry 0.05). Mobile phase was
petroleum spirit: CHCl; (1:1). Fractions 4
and 5 were analysed.

" Fraction 4: 3y 20 (m, acetoxy methyl

protons), 2.02-2.28 (m), 2.30 (s), 3.6-4.0
(m), 4.08 (dd), 4.20 (dd), 5.02 (m), 5.12
(s), 5.6 (d), 6.57 (m), 6.85 (dd). 6.95 (dd),
and 7.07 (m). 3-part TLC was carried out
with authentic mannitol hcxaacetate in
EtOAc:petroleum spirit (6:4). a single spot
was obtained at R¢ 0.38.

Fraction 5: This is the main fraction from
this column (480 mg). 6yy 1.2 (m), 2.05 (m

for acetoxy groups), 2.27 (d), 2.55 (d),
2.78 (d), 3.1 (m), 3.7 (m), 4.02-4.37 (m),
488 (m), 5.12 (m), and 5.5 (m). TLC
indicated that sample was a mixture,
therefore it was run through a silica-gel
column using n-hexane, acetone and MeOH
as mobile phase incrcasing the polarity
stepwisely from n-hexanc to MeOH. Five
fractions were obtained from this column.
Thev were labelled as Fraction F5.1 (<
0.01 g, R; 0.80), Fraction F5.2 (0.12 g, R¢
0.6), Fraction F33 (0.13 g R, 0.50),
Fraction F5.4 (0.13 g, Ry 0.29, and 0.22)
and Fraction F5.5 (0.08 g, Ry 0.01) in
hexane:CHCI; (1:1) mobile phase.

Fraction 5.2 was analvsed as follows: TLC
of this fraction in a varicty of solvents
indicated the presence of one main
component. 8y 2.0 (I5H, 5 x CH3CO),

22 (2H, d, J 9.6Hz, f), 25 (I1H, d, J

- 11.6Hz, e), 3.05 (1H, dd, J 11.5Hz, 5.6

Hz, d), 4.8 (1H, dd, J 6.2, 5.8 Hz, c), 5.12
(2H, complex separations, J 4.5-5.0 Hz,
2b), and 5:43 (1H, t,J 4.7 Hz, a); a - f are
explained under  “Discussion”.  All
assignments were for quinic acid. 2D-NMR
of this sample was run and it gave the
correlations between the hydrogen atoms.
GC-MS DB-17 [49 °C (4 min), x 13
°C/min, 325 °C (10 min)|, RT (min) 18.68
m/z (EI+) 301 (43, M-59, M- CH3COO
7, 242 (5), 199 (3), 110 (35, PhCOOH),
94 (100, PhOH).
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RESULTS AND DISCUSSION

Aqueous extract of the bark of the plant F.
itteophylla is used in Northern Nigeria in
the treatment of pile, dysentery and
heamorrhoids'.  Five fractions were
collected. Fraction 5 obtained from the
column of the ethyl acetate portion on
analysis was found to be lactic acid. The
presence of lactic acid in this extract was
confirmed by both 3-part TLC and from
comparison of the 'H-NMR of the

Table 2: Chemical shift comparisons for
lactic acid standards and
unknowns

DO CD:OD

Standard Unknown Standard Unknown

4.10 415 405

2-H 40!

3-H 121 1.20 1.36 1.28
Ad 2.80 2.80 2.79 2.77
AADS 0 0.02

unknown and standard lactic acid in D-O
and CD;OD. A comparison of the chemical

shifts is shown in Table 2. The 3J 1.2

coupling constant in D,O was 6.9 Hz for
both the standard and the unknown,
whereas in CD;0D, the value was 6.7 Hz
for the standard and 6.8Hz for the
unknown. The experimental uncertainty is
+ 0375 Hz. The 'H-NMR in D-O
spectrum contains a doublet at § 4.0 and
quartet at & 1.15.

The doublet is due to coupling between the
~CHj and the H-atom of the - H attached
to the carboxyl group, while the quartet is
due to the coupling of the a-H and the-CHs
group. The resonance positions arc at low
fields due to the clectron- withdrawing
effects of the oxygen atoms of the carboxvl
groups.



H3C.CHOH COOH.
Lactic acid.

The ethanol extract in D,O gave 2 'H-
NMR spectrum with complex multiplets
the range 8 2-4 which could not be
interpreted individually, but were assigned
as protons adjacent to hydroxyl groups.
The presence of anomeric protons was
clearly shown by a pair of doublets (5 3.22
Bz, J 4.1Hz; 8 443, .J 8.0 Hz) on cither
side of the residual water peak. The large
coupling in the upfield multiplct can only
be due to a frans-diaxial relationship
between the protons at Ct and C2. This
suggested that these signals could be
attributed to B-glucosc and that the
downfield peak was due to a-glucosc. The
mixture was acetylated and scparated byi
column chromatography. 'H-NMR of the
‘third fraction revealed a mixture of
, compounds with signals at 6 6.35 (J 3.6
"Hz) and & 5.75 (J 8.3 Hz). These signals
are shified downfield relative to those in the
underivatised sugar indicating that the

‘anomeric  positions were acetylated.
. Comparison with spectra® for authentic o-
‘glucose  peracetate  and  P-glucose

peracetate confirmed the assignment.

The next fraction from  column
chromatography of the acetylated extract

gave a {H-NMR spectrum with signals at &
4.18 and 4.3. These were both doublets of
doublets (J 12.0, 6.0 Hzand J 12.0, 4.3 Hz
respectively). The large coupling constant
indicates that thest protons must be
geminal. There were two singlets at & 2.07
and 2.08; ratio 2:1 respectively. The
chemical shifts of the doublet of doublets
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indicated that they were adjacent to
acetylated hydroxyl groups. There was also
a complex signal at § 5.18 (tt J 5.8, 44
Hz) which integrated to half a proton
relative to each of the doublet of doublets.
2D - J resolved COSY -'H-NMR showed
correlation between peaks at & 5.25, 422
and 4.18. This indicates a planc of
symmetry in the moleculc and the simplest
interpretation consistent with the data was
propane-1,2 3-triacetatc  (triacetin,  the
acetyl derivative of glvcerol). The MS gave
a base peak at m/z 158 which is consistent
~ith the loss of CH;COOH from the
tria. . molecular ion. The assignment
was confirmed by comparison  with

i L3
authentic material . Hence, cthanol extract
contains both a— and B-D-glucose. and
propane-1, 2, 3-triol.

The polyhydroxy compounds identificd
from the MeOH extract includes a- and B-
D-glucose, quinic acid, and manmnitol.
Mannitol was identificd by a comparison of
position and shape of pcaks in the 'H-NMR
spectra of the crude extract in D-O with
thosc of authentic sample in the same
solvent and as an acctvl derinatine from the
fractions obtained on acctvlation of crude
McOH cxtract. The 'H-NMR of the
fraction has featurcs similar to that of
authentic mannitol hexaacetate. Worthy of
note arc the doublets at & 4.08 and 4.20
which on the standard arc at 4.05 and 4.22
respectively.  3-part TLC  between  the
authentic mannitol  hexaacctate and  this
fraction m petrolcum spirit EtOAc (0°4)
have the same Ry -valuc at 0.33 which also
confirms the presence  of  manniol
hexaacetate.

The sccond fraction from the column
fractions of the acetvlated McOH cxtract
was found to be quinic acid tetraacctate.
The 'H-NMR chemical shifts and coupling
constant values for identificd protons (a - 1)
are illustrated as shown . 2D-NMR of this
sample was run and it gave the corrclations
between the hvdrogen atoms. Both the 1D



and 2D NMR spectra were run in C¢Ds to

improve the dispersion of the peaks. Both ‘

spectra show the correlations as on the
CDCl; spectra.

AcO \ACO\ /OAC

/a—2b——f——~x
¢
AcO \d—e—x
(')11.6

To further analyse the structurc, DEPT
(i.c. Distortionless  Enhancement by
Polarisation  Transfer) and  ordinary
carbon-13 spectra were run. These spectra

indicate the presence of one 4° carbon
atom, threce CH carbons, and two CH-.
carbons together with the acetate groups.
Also, the carbon-hydrogen  correlation
spectrum was run and it gave results
consistent with the presence of 6 carbon
atoms in which three are CH, two arc
CHy's and onc quatcrnary carbon. On
analvsis of all these spectral data, it was .
concluded that thc compound present in
this fraction is quinic acid tetraacctate.

GC-MS DB-17 49 °C (4 min), x
15°C/min, 325 °C (10 min) RT (min)
1868 m/z (EI+) 301 (43, M-59, M-
CH3CO0 7), 242 (5), 199 (3), 110 (35,

PhCOOH), 94 (100, PhOH). This data is
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consistent with the following
fragmentation, indicating a molecular ion
peak less CH;CO, fragment at m/z 301
and fragments at 110 (PhCOOH) and 94
(PhOH) which are characteristic of quinic
acid tetraacetate fragmentation pattern.
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Glycerol (propane-1, 2, 3-triol) is identified
from the EtOH and MeOH extracts of F.
itteophylla. Glycerol is used as a solvent.
humectant, emollient, sweetener,  in
cosmetics, liquid soaps, in confectionery,
as a shock absorber fluid, and as ‘a
fermentation nutrient in the production of
antibiotics. Therapeutically, itis used as a

N

m/z 110



diagnostic aid - ophthalmology and
pharmaccutical aid as humectant soivent

Mannitol is soluble in gleerol (1 g
dissolves in 18 ml of glycerol) and it is not
surprising that both of them arc found
together in the EtOH and McOH cxtracts.
In pharmacyv. mamnitol is used as an
excipient and diluent for liquids and solids.
In the food ndustry. it is used as anticaking
and free-flow agent. flavouring agent.
lubricant and release agent. stabilizer and
thickener and nutritive swectener. It is
therapeutically classified as diurctic and
diagnostic aid in renal function®. Hencc,
the presence of mannitol in the plant
extract may help in lubrication. making the
flow easier in the colon therapy for
relieving haemorrhoids and dvsentery.

The MeOH extract of the plant is found to
contain quinic acid which was identificd as
the tetraacetate. Quinic acid 1s soluble in
water, alcohol and glacial acctic acid. It is
found in Cinchona bark, tobacco lcaves.
carrot leaves, apples, peaches. pears. plum,
etc. It is a food acidulant with good taste
characteristics but its usc is limited by
cost”.

CONCLUSION
Mannitol, glvcerol, a- and B-D-glucosc:
lactic acid and quimc acid were found in
the ethyl acetate and alcoholic cxtracts of
Ficus itteophylla.
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