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Abstract: The synthesis of a series of euphorbioside devieatis described, starting from euphorbioside
isolated from fresh latex dEuphorbia resinifera Berg. Their structures have been established omakes of
spectral data. All compounds were evaluated foribaoterial activities againsEscherichia coli and
Saphyloccus aureus strains and antifungal activity agairGandida albicans and Aspergillus niger strains by
using serial dilution method.
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1. Introduction

The synthesis of new compounds to dead with redidtacteria and fungi has become one of the most
important areas of antibacterial and antifunga¢aesh today, since resistance of pathogenic baced fungi
toward available antimicrobial drug is rapidly begng a major problem worldwide. So the discoveryovel

and potent antibacterial as well as antifungal agenmore demanding. Despite great effort from the
pharmaceutical industry to manage the resistanaglgm, the discovery and development of hew meshiani
classes of antibiotics has found with very litlesess The difficulty of this task is demonstrated by tiact
that only two antibiotics of new classes, linezaltl daptomycin, have been successfully develap#tki past
three decadés

As part of our ongoing valorisation of Euphorbiaesies native to Morocco, we have investigated the
antimicrobial and antifungal semisynthetic derivas from euphorbiosidel), The results of this study are
discussed in this paper.
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2. Material and Methods
2.1. General experimental procedures

Reactions were monitored by TLC on Merck 69Q,F0.25 mm) plates, which were viewed by UV inspattio
and/or staining with 5% }$0O, in ethanol and heating. Merck silica gel was usedolumn chromatography
(CC).Melting points were determined on a Boétius plate microscope and are uncorrected. The IRtspec
were recorded on a Nicolet Impact 410 spectromatekKBr pellets. The NMR spectra were recorded on a
Varian Gemini 300 BB instrument, operating at 308avifor '"H-NMR and 75 MHz for'*C-NMR, the
multiplicities were determined through DEPT. Magedra were recorded on a Varian MAT 311 spectremet

2.2. Plant material

Latex fromEuphorbia resinifera Berg., was collected in the area of Demnat (Moodcand identified by Dr.
A. Echchahad (National Institute of Medicinal anbatic Plants of Taounate, Morocco). Latex wasiolet
as describetl®.

2.3. Extraction and isolation

The latex ofEuphorbia resinifera Berg., is strongly irritant to skin and mucous rbeames. Handling of these
substances should be carried out wearing latexeglewd face protection, and avoiding contact viigngkin.
The use of disposable plastic “glassware” is adbile for all operations involving either the lat&he
euphorbioside was extracted and isolated from flasix of Euphorbia resinifera Berg., as describ&dErnesto
Fattorusso, Virginia Lanzotti, Orazio Taglialat&8aafati, Gian Cesare Tron, and Giovanni Appendino.
Bisnorsesquiterpenoids fronEuphorbia resinifera Berg. and an Expeditious Procedure to Obtain
Resiniferatoxin from Its Fresh Late&ur. J. Org. Chem. 2002, 71-78)

2.4. Semisynthesis of euphorbioside derivatives

2.4.1. Semisynthesis of euphorbioside-9-(3-dimethylamino-benzoate) (2): To a solution of euphorbioside
(200 mg, 214.14 g/mol, 0.93 mmol) in dry toluenenf), 3-dimethylamino-benzoic acid (153 mg, 165.08
g/mol, 0.93 mmol, 1 equivalents), DMAP (230 mg,6LtBmol, 2 equivalents) and DCC (398 mg, 1.86 mi2ol,
equivalents) were added. After stirring at 60°C4dr, the reaction was worked up by filtration. Tecipitate
was washed with toluene, and the filtrates weratégk with 5% NaHC© and dried (NgSQy). After
evaporation, the residue was purified by gravity @Csilica gel (15 g, petroleum ether-EtOAc 9:khmnt) to
afford 182 mg (54%) of compound)(as a brown-yellowish powder Rf : 0.25 (petrolestmer-EtOAc 1:9); IR
(KBr): 3700; 3374, 1674, 1605, 1577, 1520, 126238121172, 1127, 1082 ¢hIR (KBr): 3700, 3374, 1674,
1605, 1577, 1520, 1262, 1238, 1172, 1127, 1082 &hNMR (300 MHz, CROD): & = 1.03 (s, 3 H); 1.17 (s,
3 H); 1.28 (d, 3 H); 1.67 (dd, 1 H); 1.93 (dd, 1, &)19 (d, 1 H); 3.34 (s, 1 H); 3.53 (d, 1 H); 3(d8id, 1 H);
4.01 (d, 1 H); 4.31 (dqg, 1 H); 5.69 (dd, 1 H); 5(@4, 1 H); 3.02 (3H, 9\-Me), 3.00 (3H, sN-Me), 6.73 (1H,
br t, H-5"), 6.87 (1H, br d, H-4), 7.43 (1H, tdd-2’), 7.93 (1H, dd, H-6)'*C NMR (CD;OD): 6= 18.5 (C-
12); 23.0 (C-13); 24.3 (C-10); 42.1 (C-4); 43.2(QMk), 43.0 (N-CH), 50.0 (C-1); 61.5 (C-6); 68.8 (C-9); 70.5
(C-3); 74.3 (C-2); 75.0 (C-11); 82.8 (C-5); 123G-7); 142.1 (C-8); 109.8 (C-1'), 150.1 ( C-3’), 1I4C-5),
131.5 (C-6'), 111.3 (C-4’), 133.6 (C-2"), 168.1 (O¥ CI-EIMS: m/z [M+ HJ 362 [GH2;NOs + HJ".

2.4.2. Semisynthesis of euphor bioside-9-(4-dimethylamino-benzoate) (3): To a solution of euphorbioside
(200 mg, 214.14 g/mol, 0.93 mmol) in dry toluenenfZ), 4-dimethylamino-benzoic acid (153 mg, 165.08
g/mol, 0.93 mmol, 1 equivalents), DMAP (230 mg,6LtBmol, 2 equivalents) and DCC (398 mg, 1.86 mi2ol,
equivalents) were added. After stirring at 60°C4dr, the reaction was worked up by filtration. Hrecipitate
was washed with toluene, and the filtrates weratégk with 5% NaHC© and dried (NgSQOy). After
evaporation, the residue was purified by gravity @Csilica gel (15 g, petroleum ether-EtOAc 9:khsmnt) to
afford 202 mg (60%) of compoun8)(as a brown-yellowish powder Rf : 0.24 (petroleetier-EtOAc 1:9). IR
(KBr): 3700, 3374, 1674, 1605, 1577, 1520, 1263814172, 1127, 1082 ¢m'H NMR (300 MHz, CRQOD):
8=1.03(s,3H); 1.17 (s, 3 H); 1.28 (d, 3 H);7L(d, 1 H); 1.93 (dd, 1 H); 2.19 (d, 1 H); 3.341H); 3.53 (d,
1 H); 3.73 (ddd, 1 H); 4.01 (d, 1 H); 4.31 (dq, % B.69 (dd, 1 H); 5.79 (dd, 1 H); 3.02 (3H,\sMe), 3.00
(3H, s,N-Me), 6.73 (1H, brt, H-5"), 6.87 (1H, br d, H-37.43 (1H, td, H-2"), 7.93 (1H, dd, H-6’°C NMR
(CD;OD): 6= 18.5 (C- 12); 23.0 (C-13); 24.3 (C-10); 42.1 (48.2 (N-CH), 43.0 (N-CH), 50.0 (C-1); 61.5
(C-6); 68.8 (C-9); 70.5 (C-3); 74.3 (C-2); 75.0 1€}, 82.8 (C-5); 123.5 (C-7); 142.1 (C-8); 109.81(¢; 111.7
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( C3), 114.7 (C-5), 1315 (C-6"), 149.1 (C-4').33.6 (C-2"), 168.1 (C=0). CI-EIMS: m/z [M+ H]362
[CaoH2/NOs + HJ".

2.4.3. Semisynthesis of euphor bioside-9-(2-methylamino-benzoate) (4): To a solution of euphorbioside (200
mg, 214.14 g/mol, 0.93 mmol) in dry toluene (7 m2nethylamino-benzoic acid (140 mg, 151.06 g/rAd@3
mmol, 1 equivalents), DMAP (230 mg, 1.86 mmol, 2uigglents) and DCC (398 mg, 1.86 mmol, 2
equivalents) were added. After stirring at 60°C4dr, the reaction was worked up by filtration. Hrecipitate
was washed with toluene, and the filtrates weratégk with 5% NaHC© and dried (Ng50O,). After
evaporation, the residue was purified by gravity @Csilica gel (15 g, petroleum ether-EtOAc 9:khmnt) to
afford 178.61 mg (55%) of compound) @s a brown-yellowish powder Rf : 0.21 (petrolegter-EtOAc 1:9);
IR (KBr): 3700, 3374, 1674, 1605, 1577, 1520, 126238, 1172, 1127, 1082 ¢m'H NMR (300 MHz,
CD;0D): 6 =1.03 (s, 3 H); 1.17 (s, 3 H); 1.28 (d, 3 H);7L(@d, 1 H); 1.93 (dd, 1 H); 2.19 (d, 1 H); 3.341s
H); 3.53 (d, 1 H); 3.73 (ddd, 1 H); 4.01 (d, 1 ¥)31 (dqg, 1 H); 5.69 (dd, 1 H); 5.79 (dd, 1 H); B@H, s,N-
Me), 6.73 (1H, br t, H-5"), 6.87 (1H, br d, H-37,43 (1H, td, H-4’), 7.93 (1H, dd, H-6%°C NMR (CD;OD):
6= 18.5 (C- 12); 23.0 (C-13); 24.3 (C-10); 42.1 (C43.2 (N-CH); 50.0 (C-1); 61.5 (C-6); 68.8 (C-9); 70.5
(C-3); 74.3 (C-2); 75.0 (C-11); 82.8 (C-5); 123G-7); 142.1 (C-8); 109.8 (C-1"), 111.7 ( C-3’), 1I4C-5),
131.5 (C-6’), 134.4 (C-4), 151.9 (C-2"), 168.1 (O} CI-EIMS: m/z [M+ H] 348[C,gH,sNOs + H]'.

2.4.4. Semisynthesis of euphorbioside -9-(4-methylamino-benzoate) (5): To a solution of euphorbioside (200
mg, 214.14 g/mol, 0.93 mmol) in dry toluene (7 mnethylamino-benzoic acid (385 mg, 182.06 g/rAdl2
mmol, 2 equivalents), DMAP (230 mg, 1.86 mmol, 2uigglents) and DCC (398 mg, 1.86 mmol, 2
equivalents) were added. After stirring at 60°C4dr, the reaction was worked up by filtration. Tecipitate
was washed with toluene, and the filtrates weratégk with 5% NaHC© and dried (Ng50Q,). After
evaporation, the residue was purified by gravity @Csilica gel (15 g, petroleum ether-EtOAc 2:8pftord
142 mg (44%) of compoun&)as a brown-yellowish powder Rf : 0.19 (petroleettmer-EtOAc 1:9). IR (KBr):
3700, 3374, 1674, 1605, 1577, 1520, 1262, 12382,11727, 1082 cth 'H NMR (300 MHz, CROD): § =
1.03 (s, 3H); 1.17 (s, 3 H); 1.28 (d, 3 H); 1.6d,(1 H); 1.93 (dd, 1 H); 2.19 (d, 1 H); 3.34 (&It 3.53 (d, 1
H); 3.73 (ddd, 1 H); 4.01 (d, 1 H); 4.31 (dqg, 1 B)69 (dd, 1 H); 5.79 (dd, 1 H); 3.02 (3HNsMe), 6.73 (1H,
br t, H-5'), 6.87 (1H, br d, H-3), 7.43 (1H, tdi-2), 7.93 (1H, dd, H-6)'*C NMR (CD;OD): 6= 18.5 (C-
12); 23.0 (C-13); 24.3 (C-10); 42.1 (C-4); 43.2 @4k); 50.0 (C-1); 61.5 (C-6); 68.8 (C-9); 70.5 (C-3%.3
(C-2); 75.0 (C-11); 82.8 (C-5); 123.5 (C-7); 142A-8); 109.8 (C-1"), 111.7 ( C-3’), 114.7 (C-5)315 (C-
6’), 149.1 (C-4), 133.6 (C-2'), 168.1 (C=0). CINES: m/z [M+ H]" 348[CgH2sNOs + H]".

2.5. Determination of thein vitro antimicrobial activity

All the synthesized compounds were tested forr timevitro antimicrobial activity against a pandl o
standard strains of the Gram-positive bactefiaphylococcus aureus ATCC 19433 (SA) and Bacillus subtilis
ATCC 6633 (BS), the Gram-negative bacterzscherichia coli ATCC 25922 (EC) andPseudomonas
aeruginosa ATCC 27853 (PA), and the yeast-like pathogenigfistCandida albicans ATCC 753 (CA). The
primary screening was carried out using the agsk-diffusion method using Muller-Hinton agar medium
Sterile filter paper disks (8 mm diameter) were stened with the test compound solution in dimethfdside
of specific concentration (200 pg/disk). The diskstaining the compounds under test, the antimiatob
antibiotic ampicillin trihydrate (100 pg/disk) armhtifungal drug clotrimazole (100 pg/disk), wereetally
placed on the agar culture plates that had beeviopidy inoculated separately with the microorgarss
suspension at 106 Colony Forming Unit/mL (CFU/mbhcentration. The plates were incubated at 37 AG, a
the diameter of the growth inhibition zones was sneed after 24 h in case of bacteria and 48 h $e cdC.
albicans. The minimal inhibitory concentration (MIC) for éhmost active compounds against the same
microorganisms used in the primary screening wasecbout using the microdilution susceptibility thed in
Muller-Hinton broth and Sabouraud liquid medium.eTéompounds, ampicillin trihydrate, and clotrimazol
were dissolved in dimethylsufoxide at concentra3®® pg/mL. The twofold dilutions of the solutiorexe
prepared (400, 200, 100, ... 6.25 pg/mL). The migganism suspensions at 106 CFU/mL concentrations wer
inoculated to the corresponding wells. The platesewncubated at 37 °C for 24 and 48 h for thedyactand
C. albicans, respectively. The MIC values were determined lees Ibwest concentration that completely
inhibited visible growth of the microorganisms a&tettted by unaided eye.
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3. Results and discussion
3.1. Chemistry

The preparation of the target compounds is outlimedchema 1. The chemical modifications of natural
euphorbiosidel) were focused mainly on positions 9 with esteaifion with various aromatic amino acids as
3-dimethylamino-benzoic acid, 4-dimethylamino-beanzoacid, 2-methylamino-benzoic acid, and 4-
methylamino-benzoic acid in presence of acylatigerea (DCC and DMAP) to give successively
euphorbioside-9-(3-dimethylamino-benzoate) 2), ( euphorbioside-9-(4-dimethylamino-benzoate) 3), (
euphorbioside-9-(2-methylamino-benzoat®)dnd euphorbioside -9-(4-methylamino-benzodig) (

R-COOH
DCe
DMAP HOy,

HO

H
N\
4:R=
5R= ©
HN\

2:R= \N©
|
3R= ©
AN

Scheme 1. Semisynthesis of euphorbioside derivatives

The reaction was investigated with 3-dimethylami@mzoic acid. A first upgrade to 34% vyield was acéad

by delaying (ca. 30 min) the addition of euphorldesto the acid—-DCC-DMAP mixture, while a 1:1 atid
euphorbioside ratio accelerated the reaction wetteficial effect in yield. The insolubility of 34tethylamino-
benzoic acid in toluene was a further point of ioy@ment, since the elevation of temperature ofti@ado
60°C for 4 h provided a homogeneous reaction mexand a beneficial effect in yield. After dilutiaf the
reaction mixture with ethyl acetate, washing witiné, and evaporation, the reaction mixture wastatjzed
from methanol, affording euphorbioside-9-(3-dimédémyino-benzoate) 2) in 50% yield. Alternatively,
unreacted euphorbioside could be removed by chagregphy on silica gel, affording compoudn 54%
yield. The optimized protocol was next applied tovariety of aromatic amino acids (scheme 1). The
identification of the various euphorbioside derives @-5) was based on spectroscopic data.

3.2. Antimicrobial activity

The results of the preliminary antimicrobial tegtiof compoundsdl-5 (200 pg/disk) and the broad-
spectrum antibacterial antibiotic ampicillin trimgde (100 pg/disk) are shown in Table 1. The regeitealed
that the majority of the synthesized compounds gubwarying degrees of inhibition against the tested
microorganisms. In general, the inhibitory activégainst the tested Gram-positive bacteria wasehigfian
that of the Gram-negative one. CompouBd3, 4 and5 displayed broad-spectrum antimicrobial activityey
possessed excellent activity against the Gramdipesitacteria, moderate activity agaifst coli, and weak
activity againstC. albicans. The least susceptible organisms w@eaeruginosa and C. albicans. Only
compound5 was moderately active againSt albicans and compound8 and 2 showed moderate activity
againstE. coli. However, compound exhibited moderate activity agairistcoli andP. aeruginosa in addition
to weak activity againgt. albicans. None of the tested compounds were found to bé&r@asgsas clotrimazole.
The natural euphorbiosidé)(is completely inactive against the tested strains.
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Table 1. Antimicrobial activity of compounds (200 pg/8 mulisk), the broad-spectrum antibacterial drug
ampicillin trinydrate (100 pg/8 mm disk) and theifumgal drug Clotrimazole (100 pg/8 mm disk) agai
aureus ATCC 19433 (SA), B. subtilis ATCC 6633 (BS), E. coli ATCC 25922 (EC), P. aeruginosa ATCC 27853
(PA), and C. albicans ATCC 753 (CA).

Cpd MIC (pg/mL)

SA BS EC PA CA
2 76 75 73 128 124
3 77 75 73 132 124
4 37 38 71 75 123
5 31 42 74 121 74
Ampicillin <10 <10 <10 <10 NT
Clotrimazole NT NT NT NT 14

NT, not tested.
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