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Abstract-In addition to four known coumarins and the starol friedelone, Mummeu ufriccuru has yielded the novel 
dihydrocoumarin dihydromammea C/OR (8-(2-methylbuteryl)-5,7-dihydroxy-4-n-pentyl-3,4-dihydrocoumarin). 
This compound was identified by the interpretation of spectral data and comparison with other mammea cournarins 
and model compounds. The value of 13C NMR in the structure elucidation of mammea coumarins and the biological 
significance of the findings are discussed. 

INTRODUCTION 

Mmmu crfricana Sabine (Guttiferae) is a large evergreen 
tree found throughout the tropical rain forest zone of 
Africa [l]. Previous detailed chemical studies on both 
the seeds and bark have revealed the presence of a large 
number of Caryl and 4-alkyl-5,7_dihydroxycoumarins 
[Z-4], almost invariably substituted at C-6 and C-8 by a 
variety of isoprene type side-chains. In complete con- 
trast. the wood of this species contains a range of xan- 
thones [S] typical of the Guttiferae [6]. 

Comparable studies on the seed of the New World 
species M. americana L. have shown it to contain a very 
similar group of coumarins 13, 7, 81. Several of the 4-n- 
propylcoumarins isolated from M. americana have been 
shown to possess considerable insecticidal activity 181. 

As part of a comparative study of the chemistry of a 
number of sympatric Guttiferae from west Cameroon, we 
wish to report the resutts of a re-examination of the bark 
and seed and au initial examination of the leaf. 

RESULTS 

From the bark, two known coumarins, mammea 
A/AA (1) and mammea B/BA (2a), were isolated and 
identified by comparison with spectral data previously 

recorded for them. The former has already been re- 
ported from both bark and seed, the latter only from the 
seed. Mammea A/AA was obtained in a yield in excess of 
lo/, of the weight of the bark which is over three times the 
quantity recorded previously for the total coumarinsof 
the bark. In addition to the two isolated compounds 
there was considerable ‘H NMR and MS evidence for 
the occurrence of mammea B/AB (2b) but this could not 
be isolated. 

In contrast to the bark, the leaf contained only traces 
of phenolic compounds. From the petrol extract, a 
small amount of the sterol friedelanJ-one (3) was 
obtained. This compound was previously reported from 
M. nmericanc seed by Crombie and Games 13-j but had 
not been isolated from M. africana. 

From a petrol extract of the seed, a number of cou- 
marins were isolated by column chromatography over 
silica gel, eluting with petrol containing increasing 
amounts of ethyl acetate. Four separate bands were 
collected and the first three identified, on the basis of 
spectral data, as mammea C/BB (4), mammea A/AA (1) 
and a mixture of mammea B/BB (2e) and the isomeric 
mammea B/BA (2a). The mixture was resolved by 
repeated recrystallization from hexane to give pure 
mammea B/BA. Coumarins 1, 2a and 2e have already 
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been reported from M. africana seed but 4 was known 
previously only from M. americana seed. 

The final eluant from the column yielded an optically 
active solid, mp I25”, C,,H,,?,. The UV spectrum 
underwent a bathochromic shift on the addition of 
NaOH typical of all 5,7-dihydroxycoumarins but differed 
from the others in that it exhibited only a vestigial long 
wavelength band. The IR spectrum exhibited typical 
bands at 3500 cm-’ for phenolic hydroxyl groups and 
1650 cm _ ’ for the carbonyl of a buteryl side-chain. How- 
ever the normal I720-1740 cm-’ coumarin lactone 
carbonyl band was absent, being replaced by absorption 
at 1780 cm- ‘. Carbonyl absorption at such a high wave- 
length suggested a saturated lactonc rather than the 
normat 01, J unsaturated system [9], an hypothesis con- 
firmed by the similar bands observed in the model 
dihydrocoumarins 6 and 7. 

The simple MS fragmentation, showing loss of C,H, 
to give a base peak at m/e 277 (C-i,H,,OJ, confirmed 
the presence of the buteryl side-chain [2]. Further 
fragmentation was reminiscent of, but not identical with, 
that observed in the unusual mammea C/OB (5) from the 
bark of this species [2]. 

The PMR spectrum resolved all 26 protons and per- 
mitted a tentative structure to be formulated. The pre- 
sence of two hydroxyls was contirmed by signals at 
S 13.69 (1 H) and 6.90 (I l-f). The considerable difference in 
resonance positions indicated that one of the hydroxyl 
groups (that at d 13.69) was hydrogen bonded to a buteryl 
side-chain whilst the other was free. This observation 
permits the side-chain to be assigned to C-8 rather than 
C-6. For the side-chaina single deshielded proton forming 
a sextuplet (6 3.71) and two methyl groups observed at 
6 I. I5 (doublet) and 0.95 (triplet) indicated the 2-methyl- 
buteryl moiety previously encountered in mammea 
B/BB (tc). 

The smglc aromatic proton appeared at 6 6.31, ca 
0.3 ppm lower than the resonance for the C-3 proton of 
typical mammae coumarins but in close agreement with 
recorded data for the C-6 proton of 5. Assignment of the 
aromatic proton to C-6 completes the substitution of the 
benzene ring leaving the remaining 14 protons to be 
distributed on the lactone. The presence of a multiplet 
centred at d 2.80 (2H) and a multiplet at 6 3.32 (IH) 
was in agreement with resonances observed for the C-3 
and C-4 protons of 7 indicating the lactone ring was 
0-CO-CH,-CH(R)-. The obvious inference that 
the remaining 11 protons and 5 carbons made up an n- 
pentyl side-chain was confirmed by ill-defined methylene. 
resonance between 6 1.3 and 1.7 and a methyl resonance 
at fi 0.90. 

(5) R = H 

The new coumarin must therefore have structure 8 
and becomes the first complex dihydrocoumarin to have 
been isolated from Matnmea. It has been assigded the 
trivial name dihydromammea C/OB, in line with pre- 
vious nomenclature for this group of compounds. 

‘% NMR 

’ % NMR spectra of mammea coumarins have not 
previously been reported. An examination of the carbon 
shifts observed for 1, 2a 2c and 8, and for the synthetic 
dihydrocoumarins 6 and 7, both confirmed the structure 
assigned to 8 and suggested that i3C NMR could have 
considerable value with this type of compound. Assign- 
ments were made by analogy with published carbon 
shifts for coumarins [IO], Cphenylcoumarins [I 11, and 
on other systems pertaining to the dihydrocoumarin and 
side-chain moieties involved [12, 131. Carbon shifts for 
the coumarin ring systems are given in Table 1; those for 
side-chain carbons on the relevant formulae. 

As anticipated, the shifts for the ring carbons of 1. 
2a and 2c showed four shielded and four deshielded 
carbons due to the effects of the carbonyl and of the 
phloroglucinol type substitution. In contrast, 7 and 8 
showed only three shielded and three deshieldcd aro- 
matic carbons because of the reduced C-3-C-4 bond and 
6 showed only minor shielding at C-Y. Features of 
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Tabb I. Carbon shifts for coumarin and dihydrocoumarin rings 

Carbons 

8 
9 

10 

1 2a k 6 7 8 

159.4 159.4 159.4 177.0 168.7 168.0 
112.7d llO.ld llO.ld 34.51 37.01 34.01 
154.5* 159.0’ 159.0’ 24.81 24.91 28.8d 
156.7. 158.8* lS8.8* 128.Od 153.S* 152.9 
100.9 102.3 102.3 120.ld 99.4d lO.Od 
163.2 156.3 156.1 130.4d lS5.6+ 159.0 
107.3 104.5 104.2 116.5d 96.21 104.8 
159.2 165.4 165.4 153.9 158.1 165,O 
108.1 109.9 109.9 126.8 107.2 106.8 

Signals in any downward column marked with a (*) are ioter- 
changeable. 

particular note were: (a) the deshielding of the C-2 
resonance in dihydrocoumarins relative to coumarins, 
(b) the reversal of shielding effects from the carbonyl on 
C-3 and C-4 in dihydrocoumarins (cf. published data for 
C-15 and C-16 shifts of 17-oxo-steroids [12], (c) the 
diagnostic deshielding of C-9 in the presence of an 8- 
buteryl substituent (e.g. Za, Zc, 8) and (d) the occurrenti of 
the tertiary catbon resonance in 8 at 1OOppm rather 
than ca 110 ppm, thus confirming its presence at C-6 or 
C-3 and not at C-3. 

Of Ihe isoprenyl-type substitueats of 1, 2a 2c aad 8. 
the carbon shifts for the 3,3-dimetbylallyl groups were in 
dose agreement with literature data [14]. The 3- 
methylbuteryf substituents of I and 2a were readily 
distinguishable from the Z-methylbuteryl isomer found 
in 2c and 8 (for shifts see formulae}. It proved possible 
in this work to deduce the structures of isomeric pairs of 
compounds in a mixture (viz. &I and 2c) and also to 
determine the presence of relatively small amounts of 
con~dminating coumarins possessing alternative sidc- 
chains. 

Similarly C-4 substituents were easily resolved. The 
4-phenyl moiety of 1 agreed closely with previously 
published data [ll] whilst the alkyl side-chains of Za, 
h and 8 gave carbon shifts showing the reduction in 
deshielding with increasing distance from the C-2 
carbonyl anticipated from previous work [12]. 

BfOLOCICAL SIGNWICANCE 

The total yield of coumarins obtained from this 
sample of M. uJricana greatly exceeds that reported 
previously. This observation agrees with Janzen’s sug- 
gestion 1151 that areas like the Douala-Edea Reserve, 
where the soil is very impoverished, will prove to be the 
source of unusually high levels of secondary metabolites. 
This hypothesis has already been supported by other 
chemical studies on material from this area [ 161. 

The isolations reported here again confirm the close 
chemicalsimilarity between M. africanuand M. americana 
and continue to suggest a close retationship between the 
two taxa. 

EXPERIMENTAl. 

WV spectra were run in EtOH and IR spectra as KCl discs. 
PMR spectra were run at 6OMHz in Ccl, unless otherwise 
stated, using TMS as internal standard. ‘“C NMR zpctra were 
run at 2S.l MHz in CDCI, using FT mode and employing the 
same internal standard. MS were obtained at 70eV and ele- 

vated temperatures. Mps are uncorr. Petrol refers to the bp 
#-W fraction untess otherwise stated. 

Plant mnlerial. Bark, sods and leaves af Mammea ufricana 
Sabine were collectMi ~JI the Douala-Edea Forest Reserve, 
Cameroon, in the summer of 1976. Vouchers, P. G. Waterman 
and D. McKey 857 and 1,. McKey and J. S. Gartlan 232 have 
been deposited at the Herbarium of the Royal BotaniC Gardens, 
Kew. 

lsofation of compounds. {a) From rhe bark. Ground bark 
(355 g) was extracted with petrol, the extract concn and allowed 
to stand The crystalline deposit was recrystallized from petrol 
(bp 60-80”) to give crude 1 (3.98). Repeated recrystallization of 
further oily ppts from hexane gave pure I(616 mg). The super- 
natant of the original concn was subjected to CC over Si gel 
elutiog with petrol containing increasing amounts of EtOAc 
and gave further 1 followed by 2a (421 mg). Similar treatment 
of the CHCI, cd the bark gave further 1. 

(b) From the leaues. Ground leaves (237g) were extracted 
with petrol. The extract was concn and partitioned with lo;.;, 
Na,CO, followed by 3% NaOH. Only traces of phenolic 
compounds could be detected From the petrol layer a solid 
separated which on repeated recrystallization gave 3 (223 mg). 

(c) From the seeds. Ground ssads (155 g) were extracted with 
petrol then CHCI,, and finally MeOH. The COW petrol extract 
was subjected to CC over Si gel eluting with petrol followed by 
petrol containing slowly increasing amounts of EtOAc to give 
4 (66 mg) followed by 1 (30 mg) 2c (166 mg) and 8 (80 mg). No 
further compounds could be isolated. 

Identification of isofated compounds. Spectroscopic data for 
compounds 1, 2a. 2c and 4 showed dose similarity with those 
already published [2, 3-J. However discrepancies notably in 
mps but also in UV and IR maxima. were sufftciently significant 
to warrant a full description of idenlilication procedures. 

Mommea A/AA (&(3-methylbuterylt8-(3,3dimethylallyl~S,7- 
dihydroxy4fihenylcoumarin; 1). Yellow needles from hexane, 
rn$ 89-100” (Lit. [16A] 98-109”). UV: A,,,,, 241, 285, 341 nm; 
L OH 244,303, 391 sb, 412 nm. IR: v 
(c”, double band) cm-‘. PMR: d ml 

3450 (OH), 1740, 1620 
(6H, d, CHMe,, J = 

7 Hz). 1.75, 1.88 (6H,2 x s, =CMe,), 2.24 (IH, m. CH2CHMe,l, 
2.88 (2H, d, CHC&CO. J = 7 Hz). 3.58 (2H. d. C&CH. J = 
7 Hz), 5.31 (lH, t, CHCH,, J = 7Hz). 5.96 (lH, s, 3-H), 7.53 
(!iH, s, 5 x H-Ar), 9.86 (1H; s, replaceable by D,O, OH), 11.06 
(LH, s. replaceable bv D-0. OH). MS: Found. M+ 406.1769: 
t!I,,H,,O; requires &.1’?80; m/e’406(100~), 391 (12X 363(i7); 
351 (88X 349 (64), 294 (Zl), 293 (74), 266 cd), 265 (3). The PMR 
spectrum of the crude product (mp 83”) showed an additional 
resonance at & 1.26. This, together with an ion at mie 372 
(C,,H,,OS) indicated the presence of a small amount of the 
corresponding 4-n-propylcoumarin (2b). 

Mammea Bj6A (6_(3,3-dimerhylallyl~8-(3-methylbuteryl)-5,7- 
dihydroxy-4-n-propylcoumarin; 2a). Needles from petrol- 
EtOAc. mo 128” (Lit. r31 12’W. uv: ,I 224. 295. 324nm. 
iNroa 222,‘25S, 3j3 nm: iR Y ‘3345, 29% 1700, 1600, 1590 
z-l. PMR: d 1.06 (68, d,mit3H&&2r J = 7 Hz), 1.20 (3H, 1, 
CH,CH,, J = 7 Hz), 1.62 (2H, m, CH,C_@,CHJ. 1.88 (6H, s. 
=CMe ), 2.28 fiH, m, CH CfiMe ), 2.96 (2H, I, ArCH CH , 
J = 7 Hi,, 3.19 (2H, d, CbC.I&I, .I = 7 Hz), 3.54 (SH, d, 
CH,CH, J = 7 Hz), 5.28 (IH, r, CH,C11, J = 7 Hz), 6.05 (IH, 
s,‘~TH~ 7.05 (lH, s, replaceable by fi,& S-OH), 14.68 (IH, s, 
reolaceable bv D-0. 7-OH). MS: Found. M+ 372.1933; 
C’ H 0 requires~3j2.1937;“m/e 372 (93TQ.357 (7), 329 (24), 
3;3(6& 315 (lOOA 259(59),231 (It), 135 (12). 

Friedelan-3-one (3). Buff needles from petrol mp 262’ (Lit. 
[17] 262-263”). [clj - 19.3 (c 1.0, CHCi) {Lit. [17] -21.0). 
CR: Y 2940. 174& 1460 cm ‘. MS: F&d, M* 426.3872: 
C,,HzO rec&es 426.3861. 

Mammeu C!BS (6-(3,3-dimethylallyl)-8-(2-methylbuteryl)-5,7- 
dihydroxy4tqentylcoumarin; 4). Needles from petrol, mp 
81-83” (Lit. [3] lOO-101”). UV: 1. 223, 295, 32s nm; 1:: 
225, 255, 333nm. IR v 3400, 29%, 1725, 1620, 1400 cm-‘. 
P.UR: d ca 1.02 (6H. c:s x CH,CH,, J = 7Hz), 1.23 (3H, d, 
CHCY,, J = 7 Hz), 1.45 (8H, m, 4 x CH,), 1.82, 1.89 (6H, 
2 x s, +CMe,), 2.84 (2H, t, Ar-CY,CH,, J = 7.5 HT). 3 49 
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(ZH, d, CH(‘Il,. I = 7 Hz). 3.84 (IH, m, COC_HiMe)CH,l~ 5.26 
(I H, r, CH_CH,, J = 7 Hz), 5.91 (lH, s, 3-HA 7.09 (1H. sz re- 
placeable by D,O, 5-OH), 14.65 (1I-I s, replaceable by D,Q. 
7-0~). MS: Found, M’ 400.2246;Ca4H,205 re+ires400.225(): 
m/e 400 (48 I’,;), 345 (lo). 343 ( tOO), 320 (1 I I, 287 (38). 259 (34). 
135 (2) 

hfammea B,/SS (6(3,3-dimethylallylf-8-(2-methylbuterylt_5.7- 
dihydroxy-4-n-propylcoumarin; 2e). Pale yellow needles from 
petrol, mp 72-74” (Lit. [3] 122”). UV: L 223,292, 334 sh. ntn: 
Ah*‘” 223,245 sh 317,333 nm. IR: v “3300.2995, 1730, 1625, 
l%?), 1430cm-*. PMR:& 1.01(6H,t.y~ CH,CH,J = 7H7.). 
1.18 (3H.d. CHCH,../ = 7 Ii?). 1.4% 1.66(4H,m. 2 x 3H,1, IsgO. 
1.87 (6H. 2 r x --C’Mcl). 2.98 (2H. t, Ar-C.H,CH,, J 7 7 Hz), 
3.55 (2H. & CHC!_1?. J = 7 Hr- 3.86 (lH, m, COC.II(Me)CH,). 
5.22 (lH, t. CHCH,. ./ = 7 Hz), 5.88 (I H. s, 3-H), 752 (IH, s, 
replaceable by D,O, S-OH), 14.65 (lH, s, replaceable by D,O, 
7-011). MS: Found M’ 372.1936;C,,H,,O, requires 372.1937: 
m/c 372 (62’;1,). 329 (9k 317 (32), 315 (100). 259 (46). 231 (X), 
135 (9). The occurrent in the PMR spctrum of a signal at 
d 3.26 and of a fragmem at mje 317 in the MS suggested the 
maler)aI was contaminated with Za. This was confirmed by ;t 
‘“I‘ NMR study which showed small resonances attrihutablc 
t0 thC 3-methylhutery1 side-chain of2a. 

Dih!i~romr~mfneu C/OS (8-(2-methylhuteryI)-S.7-dihydroxy- 
4-n-~ntyl-3.~dihydrocoumarin; 8). Necdle~ from FtroI. rnp 
125”. [I]: -t 127” (C 0.25. CHCI,). UV: irnlr 2?3, 2x6, 325 nm 
(log E 4.21. 4.23. 3.88); 12:” 212. 332 nm. 1R: 1~ 3500, 2995. 
17gO, 1650. 1620. 1505. 1440 cm-‘. PMR: 6 O.%(~H, I, 2 X 
CH,C.I!,, J = 7 Hz). 1.17 (3H. d, CIiC.H,. .I = 7 Hz), 1.30.1.70 
(IOH, m. 5 x Cli,), 2.X5 (2H, ABX, CIlC‘lH,c‘00~. 3% (Iii. 
PII, CH,CYC,H,,), 3.73 (IH, m, COCH(Me)CH,) 6.32 (IH, s, 
6-H), 7.45 (IH, s, replaceable by D,O, 5-OH), 13.69 (III. s. 
replnccable by D,O. 7-OH). MS: Found, M + 334.1781: 

C,,H,,O, requires 334.1780: rn(‘e 334 (16’$, 278(21), 277(100), 
263 (12), 235 (19). 165 (37). 

~jll~dru~ournurjn (6). UV: 1 222, 275, 280nm. IR: Y 
1765, 1610. 1440 cm-‘. PMR:?DCI.. TMS) 2.75 2.95 (4R 
m, CH,CH,). 6.75-7.30 (4H. rn. 4 x H-Ar). 

5wifh~si.s 0\ S,7-dihvdro.rr~-methvldihvdrocounlarin (7). 5.7- 

Dihydroxy-4intethylcoumarin (48) was dissolved in ’ lo”,, 
N&El (12Oml) and Ni/AI alloy (log) added. The reaction 
mixture was heated to 90” for I hr, filtered, and acidified with 
cone HTl to give a ppt. The mixture was extracted inlo EtOAc 
and purifd by PLC on Si gel, eluling with Et,O, to give 7 
(2OOmg) as needles, mp 108”. UV: L,,, 229, 278. 283 nm: 
,lz$’ 284,299 nm. IR: Y_ 3225, 1760, 1640, 1560 cm ‘. PMR: 
(Mc,CO-$,. TMS) 6 1.13 (3H, d. CHCH,. J = 7 Hz], 2.40- 
3.1012H. AB>X, C’HCH,COO). 3.2s3.70(1H, m. CH,CHCH,), 
6.10, 6.30 (2H, ABq, 6-H. g-H, J = 2 I-IT). MS: Found, M’ 

12. Storhcrs. J. B. (1972) in Carbon-13 N:Vff7 Sp~crtnscnp~. 
Academic Press. London. 

13. Johnson. L. F. and Jankowski, W. C. (1972) in C&on-13 
.‘Q M R Spucrro. A Cc~llrct ion o/‘ Assiynrd, C’adrd utul fndc*.xud 
SPYCUYJ, Suectra Nos. 336. 344. Wilev Intcrscence. London. 

14. Wenkert, ‘E. and Gonlcib. H. E. I 1!?77) P!r~rscrc-hemisrr,r 16, 
1x1 I. 

IS. Jan/&n, D. H. ! 1974) Ritaropicti 6. 69. 
16. McKcy. D., Walerman. P. G., MI% C. N., Gartlon. J 5. and 

Swuhsaker. T. T. Scicncti (submntcd for puhlicalion). 
16a. Finnegan, R. A., Morris, M. P. and Djcrassi. c:. (1961) 

J. Org. Chrm. 26. 1180. 194.0570: C,,H,,O, requircj 194.0579; m:‘r 194 (67). 1x0 (IS), 
17Y (l(X)1 152(3hl 1.51 (9), 137 (4). 17. Bruun. ‘I. (1954) Acla Chcm. Scnnd. 8. 71. 
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