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Abstract .. A mixture of 5-( 12-c&hcptadcccnyl)- and 5-pcntadccyl-rcsorcinol was isolated from the peel of mango fruit; 
it acts as a preformed agent against Alremariu olternuto. a fungus rcsponsibk for the bl& spot disease of mango fruits 
in Israel The chemical characttition was done by ’ H NMR, “C NMR and MS. 

Ih-lRODUCnON 

The fungus Alremuriu drermro (Fr.) Kcisslcr is rc- 
sponsibk for the black spot disease of mango (Mangi/Prcl 
indico L.) fruits in Israel [I, 21. The latency in its 
development is due [ 33 to a preformed antifungal activity 
present in the pal of unripe mango fruits. 

We now report that this material is a mixture of 
5-substituted rcsorcinols, whose major components are 
5-( 12-ci.s~heptadcanyl~rcsorcinol (la) (65 %) and 5- 
pcntadccylrcsorcinol (2a) (IS 72 Mango belongs to the 
Anaoudiaceae. the main source of mono- [4] and di- 
phenols [S. 61 substituted in the aromatic ring with long 
aliphatic chains. 5-(l~Pentadcccnyl~resorcinol was iso- 
lated from the vcsicant exudate of sad pods of Grecilleo 
pyramidalis (Proteaceae) [7]. To our knowledge. 5- 
substituted resorcinols with I7 carbon atoms in the side 
chain are not described. Higher homologucs, 5- 
nonadccyl- and 5-hcnckosylrcsorcinol were isolated from 
the unsaponihable fraction of wheat bran [8]. 

RESULIS AND DISCUSSIOIY 

The biologically active material was purified by rep 
catcd chromatography (CC, prep. TLC and reversed 
phase HPLC) [3]. All stages of purification were moni- 
tored by bioassay on TLC plates (assay organisms, 
Cladosporium cucumerinum and A. olfemafa). The par 
tially purified product obtained after the first column 
chromatography contained sitostcrol and esters thereof 
withpalmitic(52.8~&okic(16.5~J,linokic(10.1 “/dand 
linoknic (I 5.8 %) acids, which were idcntitial by GC after 
methanolysis. 

The prduct obtained after HPLC had AZ” nm(e): 
280 (860), 274 (920) and 233 (1900); tier addition of 
sodium hydroxide (pH - I I ), 1,292 (920) and 244 
( 14fXI). Sti absorptions are characteristic for a resorcinol 
type moiety [9). Further chterization was done by ’ H 
(Table I) and ‘C NMR spectra, as well as by EIMS and 

*To whom comzspondawrc should be addrcssai. 

CIMS. The structural information was completed by 
analysis of several dcrivativtJ: acetates (lb, U), trimcthyl- 
silyl ethers (lc. 2c), cpoxide (14) and the isomcric di- 
methylamino alcohols It and If obtained from the latter. 

The spaztra (Table 1) indicated a 3,5dihydroxypbcnyl 
unit connected to a long. linear aliphatic chain including a 
disubstitutcd double bond. These signals can fit only a 
structure such as la in which m + n = 14, without defining 
the aaual values of m and n. The distorted triplet pattern 
of the primary methyl indicated that it should be at least 
three bonds away from the double bond. The assignments 
of the signals due to the bcnxylic, homobcnzylic. allylic 
and vinylic protons were supported by dazoupling cxpcr- 
iments. The intensity of the 6534and 2.01 signals was kss 
than requiral for two and four protons, respectively. thus 
pointing to the preKncc of the saturated companion 2a. 

The “C NMR data confirm these results. One finds the 
AtCH2CHI unit [I5653 (C-3.5). 146.10 (C-l), 108.01 
(CH. C-2.6), 100.16 (CH, C-4). 35.84 (CH,,a), 31.05 
(CHr. b)], as well as proof of the cis configuration of the 
double bond [IO] [ 129.87 (oletinic CH) and 27.22 (allylic 
CHz)]. Although the last three carbons of the straight 
chain appear at the well known positions [IO], mh of 
them is split into two or thra peaks of unequal intensity, 
indicating heterogeneity due to double bond positional 
isomers and/or homologucs [ 14.07, 14.10 (terminal Mck 
2258, 22.66 CHsMek 31.52, 31.78, 31.91 
CH, CHr Me)]. 

The mass spectrum (direct inkt) of the mixture of la 
and h shows a signal for the molecular ion of la 
[Ml’ 346(El)and[MH]‘347(Cl)andanothersignal 
for the molecular ion of 2a [M] + 320 (El) and 
[MH]’ 321 (C1).TheEImassspectrumisdominatalby 
bcnxylic fragmentation, common to both compounds, 
with transfer of one H [I I]. which leads to the base peak 
at m/z 124. In addition to the molecular ions and to the 
above base peak, there arc several kss abundant signals 
which are instruwntal in determining the position of the 
doubk bond in la: (a)m/z 97 and 250 (ckavage of the 
9,ICMtond with hydrogen transfer in tbc ion containing 
the aromatic ring) (b) m/z 303 (ckavage of the 14,15- 
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RO (CH,),-CH=CH-_(C~~l),-~e RO (C&We 
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h R=H 2s R-H 
lb R = AC 2b H q AC 

IC R = SIMC, 2C R - SMr, 

-_(CH,)u]H-iH(CH: ),Me + -_((I12 ),,rH-_rH((‘ti, ),Mc 

Mc,N OH 110 NMC~ 

It If 

Tab& 1. ‘HNMR data of hubusrituted rcsa&nok (6valucs) 

compound 
-- 

Proton MultipIiCit~ la+& lb+2) Epoxy-lb+ 2b 
.--_._ -_ .-.- . __ . .- _. 

EzyLCH~ dkorwd I (7.5) I (6.5) 0.88 246 0.88 259 0.88 259 
Homobaqlic CHI k @nrn (7.5) 1.55 1.59 1.59 
Auyiic CH, b9 (6) 201 201 1.49. 
vinytic CH f(5) 5.34 5.34 - 

EpoxaccH &l(4) - - 291 
Other chain CHI 

dm(25) 
1.2S1.34 1.25-,134 1.2S1.34 

ArYi H4.6 6.24 6.79 6.79 
Aryl H-2 I (25) 6.18 6.73 6.73 
OAC J - 228 228 

*a IO epoxide. br m 

bondk (c)m/z 137 and 166 (ckavagc of the f3-bond). The 
fragment m/z 166. which contains carbons 3-14. is due 10 
additiod allytic ckavagc. These fragmentations indicate 
position lf13 for the double bond. 

The mixture of diacetaks lb ad 2) was sqarated and 
analysai by GC/MS. ‘Ihe faster running fraction ( 15 %; 

321. The slower running fraction (65 y’ I)) gave [ MH 
MH -COCHJ+ 3g9 (base peak) and [MH 
+ 347. The mokuk weight of lr was 

rmed by the MS of the his--trimc~hylsilyl 
daintivtlc(EI),[M]+ m/s4!Wand[M-C,,H,,]+ 
(btnzylic fragmentation) 26% 

Treatment of ld with dimcthylamine [ 121 afTordcd two 
isonkc vicinal dimethylamino alcohols lc and lf. whose 

major fragmentation involves ckavage of the bond be- 
tween the carbons bearing the hydroxyl and dimethyl- 
amino groups, with charge retention on the latter. Indad, 
fragmentation of lc Ial 10 formation ofan ion at m/z 404. 
wherex.s that of lf resulted in an ion at m/z 114 (EI). 

The only doubt concerning the signikane of thest 
results is that fragment m/t 404 has the same auss as the 
mokcular ion of 2). However. this ion wax not obtained 
from 2b under EI conditions. Under CI conditions, ions of 
m/z 405 may be due to: (a) fragmentation of dimethyl- 
amino alcohol I+ (b) 
- COCHl] l from 1 f 

MH] l of u; (c) fragment [MH 
The relative intensity of the ion 

current of fragment m/z 405 daivcd from source (a) 
increa& more than fourfold as compared lo that dcrivai 
from source (c), The concentration of 2b must rcrrbain 
constanl, since the two chemical proctsJes. cpoxidatlon 
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and subsequent opening of the epoxide are not operative 
with this compound. The above increase in the intensity of 
the ion current points therefore to source (a) for ion m/z 
405. rather than (b) and/or (c). 

The double bond in S-heptadaxnylrcsorc~ ‘no1 is there- 
fore assigned position 12. Naturally occurring S-(8- 
pcntadaxnyl)-rcsorcinol (cardol) is considered to bt 
biosynthcsizcd by initial coupling of palmitokyl- 
cocnzymc A with three malonylexnzymc A units [ 131. A 
similar process with okylcocnzyme A as starter unit 
would lead to S-(8-hcpladaenyl+sorcinol, a double 
bond isomer of la. The different position of the double 
bond might be due to isomerization. or to a starter unit 
having a 13-octaduxnoyl rather than 9-octadaxnoyl 
structure. In la, the position of the double bond with 
respect IO the end of the alkcnyl chain, is the same as in S- 
(l@pentadaxnyl)-rcsorcinol [ 71. 

EXPRRIMEMAL 

NMR spectra were recorded on a Bruker AM-300 Fourier 
transform instrument operating at 300 (‘H) and 75.5 MHz 
(“CL Chemical shifts correspond to ppm relative to internal 
TM.5 for 0, solns. ’ H conncctivitics were prawn by doubt 
irradiation; “C signal multiplicitia follow from a sin& 
frequency off-raonance decoupled (SFORD) spatrum MS 
were obtained by direct probe inkt in a Finn@ 4021 
qusdrupole instrument equipped with a data system. EI 
conditions were &&on current 0.30 r@ EM I.7 kV; ekctron 
mergics. 2>70 cV. CI conditions were -1 gas_ i&atanc; 
ionizing potcntia& 70 cV. GC/MS was arrial out on a SP-2310 
ghsrapillrrywlumn(20m,a4mmiA.)oouplodvh~fuc4d 
silica apilluy intufmx to the Finnigan instrument (CI, 7OeV. 
250”) Tlx rampks were splitkssly introdum&cohunn temp. was 
programmed as follows: 100”. 2 min isothermal, tbm 8”/min up 
IO 270’. 

Work-up of plant ma~crial ar~I isolation of the product, see 
ref. [ 3 J. Acetylation (AcaO-pyridinc, overnighl. room temp.), 
silylatlon [ bis-(trimethylsilyl~ttiuororetlmidcin HCONMel. 
I hr. 30”) and cpoxidation (mchloroperbcnz.oic acid in CHCl,; 

ovcmight. room temp.) wee daac by standard procedur& 
lie4crmuo~l~~bIk*by~.ExarcMe,NHwuddad 

torrolnofld(2mg)inEt,OrtO”udthco~rolnwu 
kept for I hr at this tanpcntu~ &vent and cxctll rapt were 
then removed with a stream of Na. 
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