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Abstract-The structure of a new hydroxyketo fatty acid which occurs as a major monomer of Citrus limon fruit 
cutin has been determined by IR, NMR and MS. The monomer was shown to be a mixture of positional isomers 
of 16-hydroxyoxohexadecanoic acid with the 10-0x0 isomer predominating. Substantial amounts of the 9-0x0 
isomer were present together with smaller quantities of the 8- and 7-isomers. The same compounds were also 
found to be important constituents of the fruit cutins of Physalis prruliana and Rihcs !ligtwn. 

INTRODUCTION 

THE MONOMERIC units of plant cutins, the lipid polymers of cuticular membranes, are 
mainly Cl6 and Cl8 hydroxy fatty acids. However, recent work has shown that additional 
oxygen containing groups may also be present, the most common being epoxides which 
occur in the C1 s monomers. ‘-’ Kolattukudy has also demonstrated the existence of alde- 
hydic compounds in two cutins using a combination of reduction, reductive depolymerisa- 
tion and deuterium labelling; 9-hydroxy-16-oxohexadecanoic acid was the major com- 
ponent of embryonic shoots of Vicia ,faha’ and 9, lo-epoxy- 1 %oxooctadecanoic acid was 
identified in immature apple fruits.h 

The present paper describes the isolation and characterization of a new Cl6 hydroxyoxo 
monomer from the cutin of mature fruits of Citrus limon and its identification also in the 
fruit cutins of Physalis peruviana and Rihes nigrum. 

RESULTS AND DISCUSSION 

In the course of our investigations on the depolymerisation products of plant cutins a 
compound was found in certain species which did not correspond with any of the pre- 
viously recorded monomers. In lemon fruit cutin this compound comprised ca 50% of the 
total monomers, the remainder being mainly dihydroxyhexadecanoic acid. 

* Part VI in the series “The Composition of Plant Cutins”. For Part V see HOLLOWAY, P. J. (1973) PhJtochernis- 
try 12, 29 13. 

’ KOLATTUKUDY, P. E., WALTON, T. J. and KUSHWAHA, R. P. S. (1971) Biochrm. Biophys. Res. Commun. 42, 739. 
z WALTON, T. J. and KOLATTUKUDY, P. E. (1972) Biochemistry 11, 1885. 
3 HOLLOWAY, P. J. and DEAS, A. H. B. (1973) Phytochemistry 12, 1721. 
4 HOLLOWAY, P. J. (1973) Phytochemistry 12, 2913. 
5 KOLATTUKUDY, P. E. (1972) Biorhem. Biophys. Res. Commun. 49, 1040. 

’ KOLATTUKUDY. P. E. (1973) Lipids 8, 90. 
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The unknown compound was well resolved from other monomers by TLC and chroma- 
tographed (Rf 0.3) below the c+hydroxymonobasic methyl ester fraction (R/- 0.45) suggest- 
ing that it was probably monohydroxy in nature. The GLC R, of the TMS ether derivative 
on SE30 was the same as that of the TM.5 ethers of methyl 18-hydroxyoctadec-9-cno:\te 

and dimethyl X-hydroxyhcxadecane-1.16-dioate but on OV210 was longer than either of 
these two compounds. The GLC data indicated that the compound could be either C,, 
or C,, in chain length and contained a functional group more polar than either OSi(Me), 

or COOMe. Preparative TLC of the dcpolymeri7ation products from lemon fruit cutin 
afforded a chromatographically pure sample of the unknown compound which \vas then 

analysed in detail. 
The IR spectrum of the isolated compound was indicative of a Iong-chain saturated ali- 

phatic compound and also showed the presence of free hydroxyl and two strong carbonyl 
absorptions. one corresponding with an ester (1740 cm ‘) and the other with ;I ketone 

(1720 cm- I). The presence of a ketone and not an aldchyde \vas supported by the absence 
of any absorption near 2720cm. ’ (aldehydic C-H stretching). The 0x0 function in the 
compound was further confirmed by the formation of a 2.4-dinitrophen!,lhydraronc using 
a TLC test.’ 

Corroborative information was obtained from the NMR spectrum which showed a trip- 
let T 6.34 (2H) indicative of a primary alcohol group and a triplet 5 7.68 (2H) together with 
a singlet r 6.32 (3H) characteristic of a methyl ester of a monobasic acid. The spectrum 
showed no signals for an aldehyde group (5 B-1.0) but a triplet T 760 (4H) artributable 
to protons on the two methylene groups r to a keto group; a similar splitting pattern \vas 
observed in the spectrum of tricosan-l2-one. The broad multiplets occurring at r S.33 and 

z 8.70 (together 20H) were characteristic of a straight chain aliphatic structure, the differ- 
ence in chemical shift of the two signals probably arising from the combined deshielding 
effects of the keto and ester functions on the protons of methylene groups /i. ;’ to the 
keto group. 

The chain length of the compound and the position of the keto group were both dctcr- 
mined by MS. The MS showed weak ions corresponding with M ‘-1 S and M _ -31 and a 
stronger ion at M _ -3 l-18 (M ’ 300) indicating a methyl ester of ;I C, (, monohydroxyoxo- 
monobasic acid, and exhibited the characteristic fragmentation pattern of long-chain keto- 
ester?.” with ions formed by ;I and /I-cleavage with respect to the keto group (Table 1). 
These fragment ions were more intense in the 30 eV spectrum than that at 70 eV (see cxper- 
imental). The ~-cleavage ions lfz,i’ 199 and 129 and the corresponding p-ions W:P 214 and 
144 showed that the keto group was in the IO-position but the prcscncc of ions ~1 P 1X5. 
143, 200 and 158 indicated that a significant amount of the 9-keto isomer \~;ts also present. 
The spectrum also showed intense ions derived from the primaq z- or /$&avage frag- 
ments. those containing the hydroxyl group readily losing water and those containing the 
methyl ester group methanol (Table I). Fragment ions probably derikcd from ;,-cleavage 
were also present in the MS. Confirmation of the MW of the compounds uere obtained 
from the MS of the TMS ether derivatives M:hich showed an intcnsc M ’ -15 peak (h/l . 372) 
with smaller peaks at M --3 1 and M ‘-47. The major fragment ions of these derivatives 
(Table 1 j showed that both the 9- and IO-keto isomers were prcscnt and confirmed the 
terminal position of the hydroxyl group. 

Ii0l.l ()\~/\‘I. P J. ;ind C‘IIAI 1.1 1. s, rs. t 19661 J. ~‘/ml/lwto~/. 25, 336. 
” R) ~IA<~I R. and SII \fi-\(ii \. I: (I Y60) .I,~/,. Koui 15, 545. 
” tir I IMA\. R. anti Svr \(.I II. C;. 1. (197.3) .1. diir Oil (-~/rcmi\r\’ SC,<. 50, 31 
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Reduction of the compounds with NaBH, gave a complete conversion to methyl dihy- 
droxyhexadecanoate which on GC-MS analysis as the TMS ether derivative was found to 
contain 73% of the 10,16-isomer, 16% of the 9,16-, 9% of the 8,16- and 2% of the ,7,16- 
isomers, thus providing confirmation of structure and an assessment of the positional 
isomer content of the original keto-acids. The positional isomer content of the reduced 
compounds was also very similar to that of the dihydroxyhexadecanoic acid fraction pres- 
ent in the cutin which was determined at the same time. Treatment of the isolated lemon 
fruit cuticular membrane with NaBH, prior to depolymerization resulted in the disappear- 
ance of the keto-compounds and an increase in the methyl dihydroxyhexadecanoate con- 
tent of the depolymerization products. This result established that the keto-compounds 
were present in the original cutin polymer and were not formed as a result of the depoly- 
merization procedures. 

TABLE ~.MSFRAGMENTATIONOF METHYL 16-HYDROXY-lo-OXOHEXADECANOATEANDITS TMS ETHER DEREVATIVE 

CH&-CO,Me 

Ion 
R=H 

mle 
R = Si(Me), 

m/e 

al ‘C@(CH,),-CO,Me 199 199 

199.-MeOH -+ 167 

fil [‘CH,-CG(CH,),-CO,Me + H]+ 214 214 

214-MeOH + 182 

a2 RO+CH,),-CO+ 129 201 

129-HzO-+ 111 201~Si(Me),OH --+ 111 

p2 [R@(CH,),-CO-(3HZ + H]+ 144 216 

144-H,O-+ 126 2lbSi(Me),OH+ 126 

Methyl 16-hydroxy-lo-oxohexadecanoate and related positional isomers were identified 
in the depolymerization products of cape gooseberry and blackcurrant fruit cutins by TLC 
and GLC and by GC-MS of the TMS ether derivatives. In the former, the compounds 
comprised up to 23% of the total monomers and MS showed that about equal amounts 
of the 9- and lo-isomers were present together with appreciable quantities of the g-isomer. 
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The monomers from blackcurrant fruit cutin contained about 147; of methyl 16-hydroxy- 
oxohexadecanoate and its isomer content was very similar to that of the same compound 

in lemon fruit cutin. 
The natural occurrence of 16hydroxyoxohexadecanoic acids has not been previously 

recorded and the compounds arc another example of the constituents peculiar to cutin. 
Keto-fatty acids in general are rarely found as plant lipid constituents although they do 
occur in the seed oil of Cuspidaria pfrrocurpuln as Cz4 C,, and Czs unsaturated homolo- 
gues and can be formed from linoleic acid by the combined action of lipoxygenase and 
hydroperoxide isomerase.’ ’ Although the keto compounds of cutin have been analysed 
in only three species there is enough evidence to suggest that they are derived from the 
oxidation of dihydroxyhexadecanoic acid. Support for this hypothesis is found in the exist- 
ence of positional isomers IX’\’ w and in the very similar isomer contents of the dihydroxy 
and kctohydroxy compounds present in the same cutin. Another oxidation product of 
dihydroxyhcxadccanoic acid. monohqdrox!~he*adcc~~~~c- I. IO-dioic. is also ;I common 
minor constituent of several cutins”.‘. and a similar positional isomer relationship exists 

bct~\ecn the ~MO classes of hydroxy kitty acid. Biological oxidation may occur at the 
monomer stage prior to polymerization or in the cutin polymer itself by reaction of uncs- 

terificd hydroxyl groups. 

EXPERIMENTAL 

Fruits of Citrus liww~ (cv. Adamopoulou) were supplied bq Dr J. Procipiou. Agricultural Research Station. 
Rhoda, Greece and fruits of Physu/i,s pcwc-ianc~ (cv. TN diploid) and Rihrs nicqrum (cv. Torr Cross) were obtained 
from plants grown at Long Ashton Research Station. Cuticular membranes were isolated using ammonium oxa- 
late OUIIC acid’” .~nd the extraction and dc~‘c)l!rncri~~l~iol, of wlated membranes carrwi out as previously de- 
scribed?. The TLC. PLC. G1.C‘ and Gc‘ MS methods and equipment employed were ~11~0 those used in earliel 
&ork,“.l.’ 5 

I.so/utiw~ urld chwucrrrixrio~r of’~wth I,/ 16-/r i,dtor~o.~olie.ucldccarl(~~~l~. h sample of the compound ( 10 mg) was 
isolated from the depolqmerizatlon priducts ;lf c‘ jiworz fruit altin by PL(‘ on silica gel (C%Cl,-EtO.Ac. 4: 1). 
It gave a single spot on TLC and RS the TMS ether one GLC peak RR, itelracos~~nc) SE30 I.02 and RR, (octaco- 
sane) OV2IO 1.18. IR ;‘i$:‘: _ 3400 (OH). 2940. 2860. I740 (--(‘OOMc). I720 I >C=Ot. 1470. 1440. 1370. 1250. 1200, 
1175. 1060. 725 cm- ‘, NMR 100 MHz (C‘DC’I,. internal standal-d TMS): r h,.?2 (\tO(‘H,. 6.34 (1. J 6Hz) 

-C‘&OH. 7.60 (t. .I 71-l/l-C‘& (? 0. ‘,6X if. .I ~HI)-(‘&!-( OOM e. X-4.1 (UI) ~c‘H,- X.70 (III) C‘W_,-. Assign- 
ment of NMR signals was based on comparisons Rith pure samples of methyl hexudecanoate. methyl octade- 
cenoate. methyl 10.16-dihydro~~lle~ade~~~~o~~t~. methyl I ‘-hydroxyoctadecanoatc and tricosan-1 ?-one. MS 
prohc 30 cV u:(’ (rcl. intcnsltq): 32 (M--IX) (3). 369 IM ‘-.\I) (SI. 351 (M ‘-?-IX) (23). 217 (17). 714 
(70). 200(1Y). IVY (43). I85 (70). IX2 (10). 171 (22), 15X (21). 157 (65). I44 (41). 143 (24). 140 (7X), 139 (45), 13 
(46). 116 (IOO), 125 (66). I I I (71). IO.! (37). 97 (5.5). 81 (67). 71 (53). 55 (37). 43 (731. MS probe 7OcV ~1 e: 281 (I). 
269 (?), 251 (6). 217 (3), 214 (12). 200 (4). I’)9 (IO), 185 (5). IX2 (41, 171 (5). I57 (Ii), 134 (X). 139 (13). 12Y (Ii). 
126 (19)” 125 (IS). I I l(20~. 102 (6). 97 (15). X5 (62). X3 (100). 71 (25). 69 (32). 55 (70). 4.3 136). TMS ether GC-MS 
70 eV ,)I (‘: 172 (M’) (I). 357 iU -15) (53). 341 (M ‘-311 (7). 315 (R/I’-3:) (171. 296 (m* M’-lr;mm+M--47). 
2X6 (7). 251 (9). 216 (9). 215 (9). 714 (76). 201 (16). 700 (7). 199 (151. 1x5 (I:). 182 (5). 159 (70). 139 (701. I2b (35). 
1 II (26). IO? (31). 97 (341. X1 (52). 75(X1). 73 (82). 69(66). ii (100). 43 (35). 

,2’crBH, rcdrrcrmrz To 2 mg mrth>l 16-h~dro\qo~ohc\adec;inonte was added 2.5 ml of a O.?“, soln of NaBH, 
m EtOH and the mixture stirred \lgorousl~ Ibr 2 hr at 70 :Zftcr ‘lcldilication ulth 5 ml of dil. HCI. the EtOH 
was removed under reduced pressure and the reduction products recovered by ttzO extraction. The products 
were identified as a mixture of positional isomers of methyl dihydrox!hcxadecanoate by chromatographic and 
MS comp:lrison with :tn ;tuthentic wmpk of mcth! I IO. I h-dlhqdrox~he~adccanoate. Positmnal isomer content 

I0 Sr~ll r~, C. R. (1966) Lipids I, 268. 
1 ’ ZLMM~KMAN, D. C. and V~cx. B. A. (1970) I-)/anl PhJxial. 46. 445. 
I2 HOLLOWAY. P. J.. Dt:ns. A. H. B. and KAUAAHA, A. M. (1972) Ph~‘rochc,)rf.strJ; 11, 1443. 
l3 H~INYFMAN. D. H. and Ecr.rn-rou. G. (1972) Ph~mchrmsfr~ Il. 1989. 
I4 HL’~LIN. F. E. and GAUOIJ, R. A. (1951) .,Irrr. J: Sci. Rcs. SW. B. 4, 526. 
Ii HOLI.ONA~. P. J. and DI,ZE. .A. H N. (lY71 J ~~/l~,rr,c/~~,i,lrct~~ IO. 27X1. 
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was determined from the MS of the TMS ether derivatives using a published method.15 Isolated cuticular mem- 
branes were treated with the NaBH, solution for 4 hr transferred to the HCI soln and stirred for a further 1.5 min. 
Before depolymerization the membranes were thoroughly washed with H,O and MeOH. 

Acknowlrdgrments-We should like to thank Dr. R. L. S. Patterson and the Meat Research Institute, Langford 
for the use of MS facilities and Dr. R. Goodfellow of this University for assistance with the NMR analysis. 


