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Abstract: Melicimides A (1) and B @), two new ceremides have been isolated frbtalicia excelsa
(Moraceae). The structures of the new compounds wetermined by comprehensive analyses of theif*tiD
and**C NMR), 2D NMR (including COSY, HMQC, and HMBC) ait5IMS spectral data. A known compound
viz., B-sitosterol has also been identified.
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1. Plant Source

In the course of phytochemical studies of medicplahts from Africa [1-6], we investigated
Melicia excelsa(Moraceae). We now report on the identification wfo new ceramides which we
have named melicimides A)and B @) (Figure 1).

The stem bark of the plari¥l. excelsavas collected from its natural habitat in Yaoun@ameroon in
March 2005 and March 2010, and identified by DrbEssy Nole (plant taxonomist) at the Ministry of
Scientific Research, Yaounde. A specimen of thasp{\N' HNC 57226) is deposited at the Cameroon
National Hebarium (Yaoundé).
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2. Previous Studies
One cermamide has been isolated fidmexcelsd7].
3. Present Study

The air-dried leaves d¥fl. excelsa5 kg) were ground and extracted with EtOAc tamaffa
crude extract (120 g) which was subsequently stagjeto liquid column chromatography over silica
gel (Merck, 230-400 mesh) eluting withhexane n-hexane/EtOAc, EtOAc and EtOAc/MeOH, in
increasing order of polarity. The fraction 0.5 g) was subjected to gradient column chronrafauy
using acetone anathexane (5% acetorrehexane) as eluent to afford a white crystallinédsof -
sitosterol (11.5 mg). Repeated column chromatograptiraction k(1.3 g) by gradient elution using
n-hexane and acetone (50% acetofexane) as eluent yielded a white solid identifisdmelicimide
A (1, 10.5 mg). Fractiond«1.6 g) was also reloaded onto a second colunsilioh gel and eluted
with acetonen-hexane (7:3) to give a white solid identified aslicimide B ¢, 7.0 mg).

Melicimide A (1): M. p. 150 °C; white solid[a]p?® + 10.01° ¢ = 0.91, CHCJ + MeOH); IR Vinax
(CHCI; + MeOH): 3610, 2935, 2865, 1640, 1290 GiH-NMR (600 MHz, GDsN): § 0.85 (t,J = 6.5
Hz, 6H, H-18', H-26), 1.24 (bs, 66H, H-7-25, H-#}11.69 (m, 2H, H-3"), 1.77 (m, 2H, H-6), 2.02
(m, 2H, H-5), 4.27 (m, 1H, H-4), 4.34 (dbz 4.5, 6.5 Hz, 1H, H-3), 4.41 (ddi= 4.5, 10.5 Hz, H-
1b), 4.51 (ddJ = 4.5, 10.5 Hz, 1 H, H-1a), 4.62 (m, 1H, H-2,066(m, 1H, H-2), 8.53 (d] = 8.8
Hz, 1H, NH)."*C-NMR (150 MHz, GDsN): § 14.6 (C-18', C-26), 23.3 (C-24), 26.2 (C-17"),286);
27.1 (C-16'), 30.5 (C-7-23, C-4'-15"), 32.5 (C-83,3 (C-5), 34.2 (C-3'), 53.3 (C-2), 62.4 (C-1),872
(C-2), 73.3 (C-4), 77.1 (C-3), 175.6 (C-1'). EIMSee Figure 2; Negative mode EISM$'z710.6655
[M +'H] (CaICd for Q4H88NO5, 7106662)

Melicimide B (2): White solid:[a]p® + 10.2° ¢ = 0.91, CHCJ} + MeOH); IR Vpax (CHCL): 3405,
2865, 1635, 1535, 1290 ém'H-NMR (600 MHz, GD:sN): 6 0.89 (t,J = 6.5 Hz, 6H, H-18', H-23),
1.29 (s, 50H, H-7-16, H-21, H-22, 5-17"-H), 1.68, @H, H-4"), 1.87 (m, 2H, H-6), 2.08 (m, 2H, H-
5), 2.11 (m, 2H, H-20), 2.17 (m, 2H, H-17), 4.34, (bhi, H-4), 4.37 (m, 1H, H-3), 4.59 (m, 2H, H-
3), 4.47 (dd,1H, = 4.5, 10.5 Hz, H-1b), 4.52 (dd, 181z 4.5, 10.5 Hz, H-1a), 4.59 (m, 2H, H}3
4.80 (m, 1H, H-2, 5.17 (m, 1H, H-2), 5.55 (dt, 1H,= 14.0, 6.0 Hz, H-19), 5.60 (dt, 18= 14.0,
6.0 Hz, H-18), 8.53 (d, 1H,= 8.8 Hz, NH)*C-NMR (150 MHz, GDsN): ¢ 14.7 (C-18', C-23), 23.3
(C-22), 27.0 (C-17'), 27.1 (C-15"), 30.5 (C-7-162%, C-5'-14"), 32.5 (C-6), 33.0 (C-5, C-4"), 384
20), 33.7 (C-17), 53.5 (C-2), 62.3 (C-1), 73.2 (GC#4.1 (C-3), 76.8 (C-2), 77.2 (C-3), 131.2 (C-18),
131.1 (C-19), 174.3 (C-1"). EIMS: See Figure 3;MSi 706.5949 [M+Na] (Cald. for G;Hs:NOgNa,
706.5962)

Melicimide A (1) (Figure 1) was isolated as a white powde}p?° + 10.01°. The molecular
formula (G4HgNOs) of 1 was determined through ESIMS.

A ceramide skeleton was supported by the presehtieedollowing signals in théH-NMR
spectrum3d 0.85 (t, 6HJ = 6.8 Hz, for H-26 and H-18representing the two terminal methyl groups.
A sharp but broad signal a 1.24 integrating for 66H is indicative of the twamg methylene side
chains while an amide proton &t8.53 (d,J = 8.0 Hz supported an amide functionality. Thisswa
further supported by an NH-attached to a methimearasignal ab 53.3 (C-2) and a signal &t175.7
for a C=0 carbon in thEC NMR spectrum [1-6]. In addition the IR spectrggested the presence of
secondary amide group due to a strong absorptiod d81640 cif) [1-6]. The'H NMR spectrum in
pyridine-d exhibited three oxymethine protons:éa4.62 (m, H-2, b) 4.34 (ddJ = 4.5, 6.5 Hz, H-
3), and c) 4.27 (m, H-4)] as well as two oxymethglg@roton signals at4.51 (dd,J = 4.5, 10.5 Hz,
H-1a) and 4.41 (dd] = 4.5, 10.5 Hz, H-1b). The presence of four hygragroups was further
confirmed by the presence of four oxygenated cagland 77.1 (d), 73.3 (d), 72.8 (d), and 62.4 (t) in
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the ®C NMR spectrum. The presence of the hydroxyl grougs further supported by the absorption
band at 3610 cth in the IR spectrum [1-6].

HO 3 A 5 T A 9 ~ALLAIBAIE A~ LT 19~ 2L
2 AN g 10 121416 g X 20 2223

Figure 1. Structures of melicimides A and B ).

A ceramide skeleton was supported by the presehtieedollowing signals in théH-NMR
spectrum? 0.85 (t, 6HJ = 6.8 Hz, for H-26 and H-1)8representing the two terminal methyl groups.
A sharp but broad signal a 1.24 integrating for 66H is indicative of the twamg methylene side
chains while an amide proton &t8.53 (d,J = 8.0 Hz supported an amide functionality. Thisswa
further supported by an NH-attached to a methimbarasignal ab 53.3 (C-2) and a signal &tl75.7
for a C=0 carbon in thEC NMR spectrum [1-6]. In addition the IR spectrggested the presence of
secondary amide group due to a strong absorptind 881640 cif) [1-6]. The'H NMR spectrum in
pyridine-d exhibited three oxymethine protons:éad.62 (m, H-2, b) 4.34 (ddJ = 4.5, 6.5 Hz, H-
3), and c) 4.27 (m, H-4)] as well as two oxymethglgroton signals a&t4.51 (dd,J = 4.5, 10.5 Hz,
H-1a) and 4.41 (dd] = 4.5, 10.5 Hz, H-1b). The presence of four hygragtoups was further
confirmed by the presence of four oxygenated cazladé 77.1 (d), 73.3 (d), 72.8 (d), and 62.4 (t) in
the ®C NMR spectrum. The presence of the hydroxyl grougs further supported by the absorption
band at 3610 cth in the IR spectrum [1-6].

The 'H NMR spectrum ofl displayed an additional signal &t5.10 assigned to H-2 and
methylene proton signals were found to be overldppéhe rangé 1.29-2.20. Thé’C NMR showed
signals for several methylene groups in the rarige26.2-34.2, and the terminal methyl groups of the
aliphatic chains aé 14.7 indicated the absence of any branching [TFB& position of the hydroxyl
groups was confirmed by the mass fragmentatiorepattFigure 2b), théH-'H-COSY, and the
HMBC spectra (Figure 2a). Cross peaksHrR'H-COSY were observed between the amide pragon (
8.53) and the (H-2) methine protany.11), which, in turn, was coupled to three pretats 4.51 (H—
la),d 4.41 (H-1b), and 4.34 (H-3). Additionally, H-1a showed the expeatedelations with H-2
and no cross peaks were observed between the sighal.62 assigned to H-20 any downfield
proton signals the latter only showing correlatiorupfield signals. In the HMBC spectrum the signal
atd 4.62 showed a strong correlation to 'CThese results confirmed that the fourth hydrayglup
is present at C:2f the fatty acid chain. The position of the otktaree hydroxyl groups in the long
chain amino alcohol was further confirmed from HBC correlations (Figure 2a) as well as from
the mass fragmentation pattern (Figure 2b)
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Figure 2. (@) ImportantH-'H-COSY and HMBC correlations for melicimid#) A; (b) Mass

fragmentation pattern of compound melicimil¢l)

1H

The chain length of the fatty acid moiety was deteed from the characteristic fragmentation
ions (Figure 2) am/z 283 [CH(CH,);sCH(OH)COT, 300 [CH(CH,);cCH(OH)CONH+H]" and 355
[CH3(CH,)15sCH(OH)C(OH)=NC(=CH)CH,OH]" in the EIMS. The length of the long chain amino
base was also determined by the characteristic migatation ions atm/z 342 [M-
CH3(CH2)21(CHOH)2]+, 369 [C"k(CHz)z]_(CHOH)Z:r and 386 [Cli(:Hz)zj_((:HOH)on]+ in the EIMS
[1-7]. The assignments were further confirmed'ply'H COSY, HMQC and HMBC correlations
(Figure 2a). Thus, the long chain amino base attg &xid of1 are assigned as 2-amino-docosane-
1,3,4-triol and 2-hydroxyoctadecanoic acid, respebt.

In addition*'H-NMR spectrum of compounti corresponded very well to that of the synthetic
ceramide (32R,3S54R)-2-(2-hydroxytetracosanoylamino)hexadecane-130#-twith respect to the
signals due to H-1a, H-1b, H-2, H-3, H-4, and (HE2able 1) [8]. The NMR data and comparison
of the optical rotation of compourid(+10.01) and the synthetic ceramide (+9.1) [8]vadl as with
related naturally occurring ceramides [6,9], sutgpksthat compoundl has the same absolute
configuration for the core structure in the 2,3,42t.

Table1. 'H NMR data @andJ values) of compountl and synthetic ceramide irg0sN

H Melicimide A () Synthetic ceramide

H-1a 4.51 (ddJ = 4.5, 10.5 Hz) 4.52 (dd,= 4.5, 10.7 Hz)
H-1b 4.41 (ddJ =4.5, 10.5 Hz) 4.43 (dd,= 5.0, 10.6 Hz)
H-2 5.10 (m) 5.12 (m)

H-3 4.34 (ddJ =45, 6.5 Hz) 4.36 (dd,= 4.6, 6.6 Hz)
H-4 4.27 (m) 4.29 (m)

H-2' 4.62 (m) 4.63 (dd) = 4.0, 7.6 Hz)

& Data from ref. [8]

On the basis of this evidence, the structurd & suggested to be 2R, 3S 4R)-N-[2'-
hydroxyoctadecanoyl]-2-amino-docosane-1,3,4-triol.

Melicimide B @) (Figure 1) was isolated as white solid whose by formula was
established as /&Hg;NOg through ESIMS. ThéH NMR spectrum exhibited a doublet&aB.53 0 =
8.5 Hz) due to an NH proton, a broad single peakia9 (methylene protons), a 6-proton tripled at
0.89 (two terminal methyl groups) all of which segts the ceramide nature of the molecule [1-9].
The typical IR absorptions at 1635 and 1535'csuggested an amide linkage, which was confirmed
by a nitrogen-attached carbon signalda3.5 and a carbonyl signal &t174.3 in the’*C NMR
spectrum.

The '"H NMR spectrum of2 displayed four characteristic signals of protormsnmal to
hydroxyl groups ab 4.80 (m, H-2, 4.59 (m, H-3, 4.37 (m, H-3), and 4.34 (m, H-4). There were
also two oxymethylene proton signalat.52 (ddJ = 4.5, 10.5 Hz, H-1a) and 4.47 (dds 4.5, 10.5
Hz, H-1b). This assignment was further supportedoby methine signals &t 77.2 (C-3), 76.8 (C—
2'), 74.1 (C-3, 73.2 (C-4) and one oxymethylene signab&2.3 in the™>C NMR spectrum. The
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presence of hydroxyl groups was further confirmeuinfan IR absorption band at 3405 &nThe'H
and**C NMR spectra furthermore indicated two olefinictprosignals aé 5.60 (dt,J = 14.0, 6.0 Hz,
H-18; 6¢ 131.2) and 5.55 (dt,J = 14.0, 6.0 Hz, H-19. 131.1), attributable to the presence of one
transdisubstituted double bond. The large vicinal coygptonstant between H-18 and H-19=(14.0
Hz) in'H NMR spectrum clearly indicated &igeometry for the double bond. The chain lengtthef
fatty acid was determined by the characteristicgrirantation ions (Figure 3) am/z 271
[CH3(CH,)14(CHOH),COT', 241 [CH(CH,)14(CHOH)COT, and 316
[CH3(CH,)14(CHOH),CONH,+H]" in the EIMS. The length of the long chain aminédavas also
determined by the characteristic fragmentation iah&/z 358 [M-CHs(CH,);sCH=CH(CHOHY}]",
325 [CHy(CH,)1CH=CH(CHOHY)]" and 342 [CH(CH,);¢CH=CH(CHOH)OH]" in the EIMS [1-5].
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Figure 3. (a) ImportantH-"H-COSY and HMBC correlations for melicimide(B); (b) Mass
fragmentation pattern of compound melicimidé2

H

Cross peaks itH *H COSY between the amide proton (NH) and H—2, altteed which in turn,
showed coupling with H-1a, H-1b, and H-3 suggedted structural feature was in place.
Additionally, H-1a showed the expected correlatianth H-2 (Figure 3a). Similarly H-2showed
COSY correlations with H-3and in the HMBC spectrum H-2and H-3 showed a strong correlation
to C-1. These results confirmed that four of the five oyl groups were present at C-3, C-4, C-2
and C-3. The position of these four hydroxyl groups wastHer confirmed from the HMBC
correlations (Figure 3a) as well as from the massgnhientation pattern (Figure 3b). The
stereochemistries at C-2, C-3, C-4, C-and C-3 were not determined because no synthetic
3,4,2,3 -tetrahydroxy ceramides have been reported fampesison of NMR and optical rotation
values. In addition the stereochemistries of thessated ceramides is not possible to be
unambiguously confirmed without further chemicansformations. However this would require
reasonably more material to be available [1,3,4].tl basis of all the evidence at our disposéhén
present instance, the structure2aé suggested to be 1,3,42-pentahydroxy-2-octadecanoyl-amino-
tricos-18-ene.
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