
Lawrence Berkeley National Laboratory
Recent Work

Title
LIPIDS OF HEVEA BRASILIENSIS AND DUPHORBIA COERULESCENS

Permalink
https://escholarship.org/uc/item/2g26c953

Author
Nishimura, Hiroyuki

Publication Date
1977

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/2g26c953
https://escholarship.org
http://www.cdlib.org/


,-

( 

v .) ...) 

Submitted to Phytochemistry LBL-6400 
Preprint C. 

LIPIDS OF HEVEA BRASILIENSIS AND 
EUPHORBIA COERULESCENS 

Hiroyuki Nishimura, R" Paul Philp, and Melvin Calvin 

January 27, 1977 

I' t 

Prepared for the U. S. Energy Research and 
Development Administration under Contract W -7405-ENG -48 

For Reference 

Not to be taken from this room 

" 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



0 7 

. I 

· Hiroyuki Nishimura, R. PaD:l Philp and r~lvin Calvin 

LaOOratory of Chemical Bicdynamics 
· and the. 

Dc!pc-rrtmc .. .nt of ChEin.istry 2 University of California, Berkeley, CA 94720 

1. '!his pa.per was presented at the lOth International IUPAC oongress 
on natural pro::lucts, Duned.ien, New Zealand, August 1976. 

2. 'Ibe \'.'Ork described in this paper was sponsored, in part, by the 
U.S. Energy Research and Developrent Administration and in part 
~ NASA Grant NGLOS-003-003. 

•. 



{.)' d 
'l:t 'l"i··· 0 

.. 
Key Words : Hevea brasilieEsis; E.'uphor:bia coerulescens; E.'uphorbiaceae; 

lipids; sterols; hydrocarbons. · 

Abstract 

'!he lav nolecular weight lipids identified in the latices of Hevea 

• brasiliensis and E.'uphorbia roerulescens ·were as folla.vs: 2-nethylcyclobu- . 

tanone; 2-nethyl-2-hydroxycyclobutanone; 2-rrethylcyclobutanol; euphol; 

euphm:bol;. and tirucallol. 
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Illtroductiqn 

As a result of deqreasing supplies of fossil hydrocarbons it has be-

c::one riecesscu:y to re-examine other sources of reM materials for possible 

oomiersion into hydrocarbons. 1 It is well k..r1cwn that sources such as sugar-

cane and ~r trees (Hevea) can produce energy-rim materials under suit­

able oondi tions. 2 Carbohydrate from sugar-cane and other plants is convert-

ed ·to aloohols by fenrentation and subsequently to olefins by dehydration. 

'!he sane olefins are currently pxpduced by the cracking of petroleum pro­

ducts. On the other hand, rubber trees produce hydrocarbons directly rather 

than carbohydrates. There are many latex-bearing plants (sore 30,000 species) 

whose latex does not produce rubber but are nevertheless potential sources 

of hydrocarbons. Although it has a similar dlernical <X~YpQsi tion as petrol-

eum, the Hevea hydrocarbon polyrrer has a sorrewhat different atcmic arrange­

nent and nolecular weight distribution from the hydrocarbons in petroleum. 3 

If, for example, the IIDlecular weight distribution of the Hevea hydrocarbon 

rould be reduced to less than 10, ooo instead of 100, ooo and 1, 000, 000 and 

the products harvested, we might have_a 11 fuel 11 tree • 

F\n:thernore, if one accepts these plants as a source of hydrocarbon 

rather than as a source of elast.arer (rubber) , the fact that the yield of 

plantation Hevea was raised in the last thirty years fran 400 lbs/acre/year 

to 24 1000 lbs/acrc/ycar is c::u1 indic.::ttion of the potential inherent in this 

species through breeding. 
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'I'a.vards this end we have carried out a detailed examination of the lo.v 

rrolecular weight lipid C'OlTif)(_il)(:>J!tS in the latices of Hevea brasiliensis and 

huphorbia ex>erulescero..s. 'l'he aims of this examination being to find out: 

(a} what is in the latex; (b) what is the distribution and structure of 

the high rrolecular weight polyn-ers in the latices; and (c) is the distribu-

tioh of the high rrolecular weight cnmponents influenced by the types· of lo.v 

rrolecular weight lipids present in the latex? 

This article presents our initial findings from the analyses of lo.v 

rrolecular weight lipids in latices fran Hevea brasiliensis and Euphorbia 

a::>erulescens. A report on the distribution of the high rrolecular weight 
. . . . . . 4 
c:x::nq::onents will be published elsewhere. 

Results and Discussion 

A s~le of Hevea brasiliensis (RRIM 701) latex was obtained fran the 

Rl.lbber Research Institute of Malaysia. The sample of latex fran Euphorbia 

c:xxrrulescens was collected from the Botanical Gardens at the University of 

California, Los Angeles. (A token specliren of ·Euphorbia coerulescens can 

be examined in the herbarium at the University of California, Berkeley.) 

'!he latices were dissolved in ether or tetrahydrofuran and subsequently 

fractionated into neutral, basic and acidic fractions using standard sepa-

ration techniques. An additional semi -polar fraction was obtained fran the 

Hevea latex by sonication of the high rrolecular weight precipitate (rubber) 

with a mixture of heptane, ethyl acetate, and nethanol. The neutral and 

organic acid fractions were further fractionated by urea adduction. The 

fractions so obtainr:-d vrcre purified by colUIT'J:l chromatography and thin-layer 

chranatography prior to nethylation and derivatization where necessary. 

. 
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'Ihe quantitative distribution of the various fractions from each latex 

is given in Tabie I. . Water and "high nolecular weight" oomponents, or non-

'll.IF soluble o::mp:ments, . acrount for al.Irost 95% of the material in each latex. 

'Ihe reiPaining material was romposed of soluble lipids and insoluble proteins 

and carbohydrates. 

Since the main idea of the project is to detennine the potential use-

fulness of these "high rrolecular weight components" as a so4I"ce of hydro- . 

carbons, inforrration on the ·distribution of lcwer rrolecular weight compotn1ds 

and the way in which they are related to the distributions of these o::::rrpo­

nents will be of the utnost importance. Table II surnnarizes the major la.v 

rrolecular weight cnrnponents identified in each fraction by gas chromatography 

(G:) and a::nputerized-gas chranatography-mass spectraretl:y (C-GC-MS) • '!he 

nost significant points to emerge fran this data are: 

1) Absence of any significant quantities of isoprenoid hydrocamons 

or fc.,tty acids. '!he "high rrolecular weight" ronp:ments are knawn to be 

poly-isoprenes, thus significant quantities of la.v rrolecular weight isopre­

noidal components woold have been expected to be present. 

2) Major differences were observed bebNeen the sterol rontent of the 

latices. '!he major sterols in the Euphm:bia latex were initially identi­

fied ,15 being is<JIIers of lanosterol and a harolog of an isc:mer of lanoster-

1 S,ti,? Furth k . 1··..:1~- . . . "th th . dards o . er wor , mc l.&.uug ro-m]ection Wl au entic stan on 

a gas . chromatograph, has shewn that these sterols are euphol, euphor:bol, 

and tirucallol. '!his extends the distribution of these sterols within the 

Eufhorbiacea from that described by Ponsinet and Ourisson8 who reported 

eup1ol, euphorbol u.nd ti~umllol to be nonnally restricted to African cactus-

like Eufhomiacea. 'Ihe major sterol of Hevea was identified as 13-sitosterol, 



-4-

and no evidence was found to indicate the presence of cycloartenol as re­

ported by Ponsinet and Ourisson. 8 

3) 'Ihe most significant finding, and one which has not been reported 
•• 

before, was the presence of 2-neiliylcyclobutanone, 2-rrethyl-2-hyd.roxycyclo- .:; 

butanone, 2-:rrethcyclobutanol, in the Hevea latex. 'Ihese cx:mponents were 

only isolated after sonication of the high molecular weight residue. This 

suggests that they might have been formed by cyclisation of isoprene oornr 

ponents, present in or fm."'lred from the rubber during this process. 

A survey of many Euphorbia latices is no.v undeiWay to detennine the 

. varia.tion in distributions of the high molecular vleight cx:mponents. 'Ihe 

parallel survey of the lo.v molecular weight lipids will sho.v whether or not 

they !?lay an inp::)rtant role in this variation. As :rrentioned above, the 

ul tin ate aim of this project is to Obtain a plant where the molecular 

weigh t distribution of the latex is such that these cx:mponents can be sue-

cessf,llly utilized as an alternative source of hydrocarbons. 

Ihe sarrple of latex from the Euphorbia coerulescens was collected 

fran botanical gardens at UClA by· tapping the plant and collecting the 

latex directly into tetrahydrofuran. 'Ihe sample of latex fran Hevea bras­

iliensis was collected by Dr. Subramaniam of the Rubber Research Institute 

of Malaysia. 

'Ihe latices were extracted and separated, using standard separation 

tedmiques. Deri vatization, where necessary, was perfonred with BF 3;MeOH 

(14% w/v) for It'!3thylation of organic acids and Hl\-IDS/'ll1CS for silylation of 

free hydroxyl groups. GC analyses were perfonred on a Varian 2700 GC 

• 
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equipped with a flarre ionization detector and linear temperature program-

rrer. 'Ihe analyses vlere pcrfonred on a Inicropac.~ed capillary column, pack-

ed with 3~ Dexsil 300 on 80-100 rresh Gas-Orran Q. Carbined GC-MS analyses 

were carried out on a DuPont 492-1 mass spect.roneter interfaced with a 

Varian Aerograph Model No. 204 equipped with linear temperature prograil'ITEr. 

'Ihe oolumn used for th~ GC-MS analyses was a 9 m x 0. 7 nm i.d. glass capil-

lary oolumn packed with 1% OV-1 ooated on 80-100 rresh Gas-Chrom Q. The 

nass spectral data were a<XJUired and processed using a DuPont 21-09 4 data 

system. 

'Ihe a:mponents were identified from OC retention tines, co-injection 

of standards where possible, interpretation of nass spectra and cnmparison 

of nass spectra data with that of standard a:mp:mnds • 



Acknawledge.IU8Ilts 

The authors are indebted to Dr. A. N. Starratt, Research Institute, 

Canada Departm:mt of Agriculture, University Sub. P.O., London, Ontario, 

Canada, "Who kindly furnished the standard sarrples of euphol, tirucallol, 

cycloartenol, 24-rrethylenecycloartenol. 
• _) 



... . 

• 

0 0 0 6 2. 

-7-

P..efcrene2s 

1. Calvi..'"l, H. (1974) Science, ]:3~, 375 . 

2. Calvin, ~!. (1975) Arrerica~ Scientist, 270. 

3. Sti;)r.J.n.:-t::uanl, h.. (J.S-/5) ·Pr:::;c. 2:::.t. F:t:.'::;ber C' ... :::mi:erer:cs J.975, Kuala 
Lurpur, 1. 

4. Neilsen, P., Nishirr.ura, H., Philp, R.P., calvi.....n, H. and Otvos, J., 
in preparation. 

5 . · M:::D:;)nald, A. D. , Warren, F. L. &'"'ld Williarrs , J. H. ( 19 4 9) J. C:.e.fi\. 
Soc., Sl55. 

6. Haine...s, D. W. and Warro.....n, F. L. (1949) J. Olem. Soc., 2554. 

7. New!:x:>ld, G. T. a."'ld Spring, F. S. (1944) J. Chern. Soc., 249. 

8. Ponsinet, G. and Ou:i::-isscn, G. (1968) Mar..sonia,Ser. 2, 8, 227 • 



Table 1- CXX1PARISCN OF YIELDS FRCM VARIOUS FRACI'IONS OF THE HEVEA AND EUPHORBIA IATEX 

Species 

Hevea 
bras1liensis 

Euphorbia 
coe.ru.lescens 

1 % Total Latex 

Water soluble
1 

Water (%) 
c::cnponents (%) 

3.4 64.8 

9.2 63.2 

2 "Higher rrolecular weight" is rraterial 
ppted. fran THF by OI30H-~0 

• • 

1 ' Organic-solvent soluble ccnponents 

"High rrolecu1ar 
weight" (%) 

30.7 

0.4-

I£M rrolecular \veight (%) ~ 

Neutral Acidic 

0.5 0.3 

27.0 0.1 

XBL 767-6036 

~ • . 

Basic 

0.3 

0.1 

I 
00 
I 
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Table II - MAJOR CCt-1PONENI'S IN HEVEA LIPID .EXTRACI' 

Cla.Ss of cxxll?O\]I1d 

Hydrocarbons 

Sterols 

Fatty Acids 

Esters 

Fatty acids as glycerides 

Terpenes 

Pigm;nts 

~ents 

cl8H36' c20H40' c20H42 (branched) 

Stigmasterol, 8-Si tosterol, Fucosterol 
(E. ooerulescens sterols identified as euphol-, 

euphoibQI, and tirucallol) 

n-cl6' n-elS and n-cl8:2 

· Methyl palmitate, Methyl stearate 

n-cl8:2 and n-c20 

2-Methylcyclobutanone, 2-Methylcyclobutanol 

2-Methyl-2-hydroxycyclabutanone, C
5
H12o, c10H20o 

Carotenoids 

Major c:::c:rrponents 
XBL 767-6084 

0 
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