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Ah&act-The various strains of the hydrocarbon-rich alga Borryococcus braunii (A race) examined up to now produce 
the Z-isomers of the following dienesz tricosa-1,14diene, pentacosa-1,16-d&e, heptacosa-l,lgdiene, nonacosa-1,2@ 
diene and hentriaconta-1,22diene. A Css triene was also detected in these stmins, but its structure was not fully 
elucidated. In the present work, spectroscopic data and oxidative degradations, established the structure of the Csp 
trier& hydrocarbon. These techniques were also used to examine the dienic series of a new A strain, collected from 
nature and laboratory grown In addition to the usual Zdienes, g-isomers of tricosa-1,14diene, pentacosa-1,16diene, 
heptacosa-l,l&liene and nonacosa- QOdiene, were character&d. 

INlRODUCllON 

The existence of two races was recently demonstrated in 
the hydrocarbon-rich green alga Botryucuccus braunii [ 11. 
They exhibit closely related morphological features, but 
sharply dilfer in the nature of their hydrocarbons. The A 
race produces odd, u&ranched C1,-Cs, hydrocarbons 
whilst the B race yields polyunsaturated branched, 
C,,,-C3, terpenoid hydrocarbons termed botryocoo 
cenes. In the B race, large variations in hydrocarbon 
composition were noticed according to geographical 
origin and culture conditions. Regarding the A race, all the 
studies reported up to now under various culture con- 
ditions, revealed a fairly constant composition of the 
hydrocarbon fraction [l-4]. It chiefly contains a series of 
odd C1,-C,t n-alkadienes and a Czp triene, the latter 
generally accounting for l-10% of total hydrocarbons. 
The lack of important chemical variations noticed for A 
strains could be related to the low number of geographical 
areas where alkadicne- and trienaproducing algae have 
been collected up to the present time. Indeed, all the 
collection A strains derive from the same sample collected 
from Maddingley Bricks Pits (U.K.) and the previously 
reported wild A strains originated from the Morvan 
region (France) or from Atlas (Morocco) [l]. 

All the dienic hydrocarbons (1) produced by the above 
strains were shown to contain terminal unsaturation and a 
&double bond, located in the 9,lOposition relative to 
the terminal methyl group [S]. The Cz9 triene was also 
recently examined [a]. However the information obtained 
did not allow a positive identitication and two possible 
structures 2 and 3 were proposed. 

We recently suazeeded in isolating a new A strain from a 
sample collected in Grosbois, C&e d’Or, France. The 
chromatogram of the total hydrocarbons from this strain 
grown in the laboratory, showed, in addition to the 

l Author to whom wrrespondcncz should be tukkuxd 

previously described dienes, a new series of odd carbon 
numbered hydrocarbons. In the present study we report 
the chemical structures of these new hydrocarbons from 
the Grosbois strain and that of the Csp triene produced by 
other collection strains. These determinations were car- 
ried out using oxidative degradation and spectroscopic 
examination. 

RESULTS AND DISCUSSION 

The composition of the hydrocarbon fractions was 6rst 
examined by GC/MS (Table 1). The major hydrocarbons 
of the axenic strain from the culture collection of Austin 
were, as previously reported [14]. odd C1,-Cst n- 
alkadienes and a Cz9 triene. In addition, minor Cr3 and 
Css dienes, along with low amounts of other Czp and Cs, 
trienes, were detected. In the Grosbois strain, besides the 
usual dienes comprising cis-unsaturation, new isomers of 
odd Cs,-C,, dienes were discover&, they accounted for 
ca 57 y0 of the hydrocarbon fraction. 

Reversed-phase HPLC of the total hydrocarbons from 
the Austin strain provided three main eluates: Czp triene 
+ C2, diene, Czp diencand C,, diene. Further separation 
of the first eluate on a silver nitratcsilica gel column 
afforded an enriched subfraction containing 76 % of the 
major Czp triene. Its IR spectrum exhibited two bands at 
910 and 990 cm-’ characteristic of a nonconjugated 

Me(CHI),CH=CH(CH2),CH=CH2 1 

x = odd from 11 1019 

hie(CH~),cH=cH-CH=CH(CH,),,-CH=CH, 2 

M~(CHI)ICH=-CH(CH,),,--CH=CH-_CH=CH~ 3 
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Table I. Composition of hydrocarbon mixtures from A strains determined 
by CiC/MS 

Retention Location and Relative “‘, 
times/ stcrrochemistry - 

hcxanc of the double Austin Grosbois 
Hydrocarbons (W bondst strain strain 

‘&Hu 

C1,H.s 

C,1Hs, 

Cz9H,6 

C,PH,. 

C,,Heo 
C,, H,, 

245 
250 
410 
420 
640 
650 
91s 
930 
980 
990 

1020 
1240 
1310 
1380 

I,14 (Z) 
1.14 (E) 
V6 (Z) 
1J6 (E) 
I.18 (Z) 
1.18 (E) 
120 (Z) 
1.20 (E) 

120 (ZX 22 (Z) 
1.22 (Z) 

trace 0.3 
- 0.6 
0.4 2.3 
- 8.8 
9.9 4.1 
- 18.0 

43.8 25.1 
- 29.7 
1.3 trace 
1.6 trace 

12.0 tracz 
28.8 II.1 

1.1 trace 
1.1 trace 

*The mass spectra (absence of [M -IS]+ ion), Ihc “CNMR spectra 
(lack of tmiary-aliphatic and quakmary carbons) and the study of 
hydrogenation products, established that all the unidentified products 
(triena from Austin strain and new dknes from Grosbois strain) are normal 
oldins. 

tThe Zdienic series has previously been described [S]. 

terminal double bond; UV absorbance at 232 nm in- 
dicated the presence of two conjugated double bonds in 
the Czp triene. These spectroscopic observations there- 
fore excluded structure 3, but were consistent with 2. 
Ozonolysis of the enriched subfraction was carried out in 
order to determine the location of the conjugated double 
bonds in the major Czp triene. The acids derived from 
oxidative cleavage of the resulting ozonidol were analysed 
by GC/MS as their methyl esters. A C,9 diester generated 
by 1.2 and 20.21 cleavages was principally detected; 
attempts to isolate a C, monoester resulting from 2223 
cleavage were unsuccessful. Nevertheless, these results, 
together with the spectroscopic observations, allowed the 
characttition of this hydrocarbon as a nonacosa- 
1.20.22~triene (2) in the Austin strain. 

The stereochemistry of the conjugated double 
bonds was examined by NMR. The ‘H NMR spectrum 
of the Czp triene showed five signals in the oMinic 
proton region. By comparison with the spectra of the 
previously identified dienes, three were asaibed to the 
protons of the terminal df;ble bond, at $4.98, 5.04 and 
5.8 (‘Jon =2Hz, *= IOHI J-= 17I-k 

-cH .a = 7 Hz, 41-cH,,cHMI = 1.5 Hz), the two 
other SI at 5.50 and 6.3 1 were attributed to protons 
on carbons 20.23 and 21,22, respectively. The roton 
coupling constants (‘J,,,,, = JJ22.1s = 7.5 Hz, P J2,,,9 

‘JzJ 14 = 7 Hz; l J2,, 2l = l Jr, li = 2.5 Hz) were con- 
sknt kith a Z,Z steredchemist~. This was confirmed by 
the “C chemical shifts of allylic and olefinic carbons 
(Table 2) [7,8]. Thus the combination of spectroscopic 
data and oxidative degradation indicate that the main Czp 
triene produced by the Austin strain is the nonacosa- 
1,20Z,22Z-triene. 

Freezing an hexane solution of the total hydrocarbons 
from the Grosbois strain led to the separation of the 

major unidentified dienes. A solid mixture composed of 
CzQ (74x), Cl, (21%) and C3, (5%) dienes was thus 
obtained. IR data established the existence of a terminal 
double bond (910 and 990 cm-‘) and of a rruns internal 
double bond (970 cm - ‘) for these dienes. The “C NMR 
chemical shifts of the allylic carbons (Table 2)confkmed a 
trans stereochemistry for the internal unsaturation at 
632.6, against 27.2 for the cis isomers [9, lo]. Ozonolysis 
of the diene mixture and subsequent treatments provided 
aC,monoestaandthreeC,,.C,,andC,,diestm.Thc 
identification of these compounds established that the 
internal double bond of the trm~~ series is located in the 
same position (9,lO relative to the terminal methyl), as the 
unsaturation of the cis isomers (I). Thus the new dienes 
isolated from the Grosbois strain are pentacosa-1,16E- 
diene, heptacosa-l.lSE-diene and nonacosa-1JOEdiene. 
By analogy, the new Cz, diene, whose isolation was 
impossible because of its low proportion in the hydro- 
carbon mixture, could be triwsa-1,14&diene. 
Accordingly these new dianes differ from their previously 
identiiied counterparts only in the stereochemistry of the 
internal double bond. 

In conclusion, the present results show the existena, 
for B. braunii A racz, of a chemical variation as for the 
B race [l], i.e. hydrocarbons of similar nature but 
involving isomerism. Thus, the alkadiene series exhibits 
ditrcrent sterecchemistries of the internal double bond, 
in relation to the strain origin. These observations may 
be important in connection with studies about the factors 
(including the specilicity of the involved enzyme-s) which 
control, along the biosynthetic pathway, the structure 
of these non-isoprenoid hydrocarbons. It has been es- 
tablished [l l] that cis-dienes are produced via an 
elongation-decarboxylation mechanism with olcic acid as 
direct precursor (hence the stereochemistry of the internal 
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double bond and its 9,lO location with respect to methyl). 
The terminal double bond of these dicnes probably 
originates from a dccarboxylation process probably via 
the activation by a /I-hydroxy group [ 121. The structure of 
the Czp tricne strongly suggests that a similar biosynthetic 
me&a&m is operating. In this case, the formation of the 
third double bond may originate either from the 
involvement of a dienic (Z,Z) fatty acid as direct precursor 
or from dcsaturation of the Czp dicnic hydrocarbon 
chain. The structure of the trunsdiencs from the Grosbois 
strain suggest that they also probably originate from an 
elongation-dccarboxylation mechanism with elaidic acid 
as direct precursor (Scheme 1). However the concomitant 
formation of cis and truns dicncs in this strain raises 
the question of the control of stcrcochanistry (nature 
of the precursor fatty acids, spaScity of the 
clongation-dccarboxylation system) in the biosynthesis of 
dienic hydrocarbons in B. brat&i. From this point of view, 
the E/Z repartition in the hydrocarbon mixture from the 
Grosbois strain with regard to the hydrocarbon chain 
lcngth.C,,:2;C,,:3.8;C,,:4.4;C,p:1.2andC,,:O,could 
be indicative of the enzymatic system capability to 
elongate and (or) dccarboxylate long fatty acids > C& 
involving an internal trolls double bond. 

EXPERIMENTAL. 

IR and UV spectra were rmrdcd from CCll and hcxane solns. 
rupcctivcly. ‘H (250 MHz) and “C (125.76 MHz) NMR were 
obtained from CDCI, solns using TMS as int. ref. 

Strain origins, cultfur cmdk&w d h#mcadon 

extrocdm. The cdktion strain was obtainal from the 
University of Texas at Austin, U.SA (no 572). The sampling of 
the wild algae was made in a barrier lake near Grosbois, C&c 
d’Or, Framz The isolation techniques of the new strain, the 
culture conditions (batch air-lift 1% CO1) and the hydrocarbon 
extraction were ax previously described [l]. 

Analyses and fincrionarion of hydrocarbms. The conditions 
used for GC/MS analyses were as reportcd in ref. Cl]. Rcvcrscd- 
phase HPLC separation of the Cae trimc from the hydrocarbon 
extract of the colktion strain was performed on an instrument 
quipped with a 7000 psi inj. valve with a 20 4 loop. The dctcaor 
was a differmtial refractometer. thennostatcd at 2Y. The 
reversed-phase column was a Resolve 5~ spherical C,, Waters 
(two 150 x 3.9 mm). Hydrocarbon sample was injected in 
Me&O-THF (I: 1) soln (2O)cl. 10% in solvmt). Mobile phase 
(dist. in glass, filtered througb an AP 25 M&pore prelikr): 
MclCO-MeCN-THF (5: 12: l),flow rate lMml/hr. R,s (min)of 
the major compoomts were Czp trimc II. C1, dime 11.5. Czp 
dime 17 and C,, dime 23. Succasivc injections of sample were 
carried out and the fractions collected. The tirst eluate (C,, trimc 
+ Ct, dime) was then chromatographai oo a silica gel-AgNO, 
(20 %)column_ using hcxane as clumt with incrcaxing amounts of 
Et,O. 

The Grosbois hydrocarbons were fractionated by freezing an 
hexanc soln at -25” for 18 hr. GC analysis performal on the 
amorphous solid cokctcd. showed three tin peaks ascribed to 
the E-C,,, C2, and Czp dimes. 

Oxiduriac cleowgc. Ozonolysis at - 20”. oxidativc cleavage of 
the ozonida and estaifkation of the resulting acids with 
MeOH-HCI was conducted as described in ref. [ 131. Me esters 
were analysal by GC/MS using EL The apparatus wax quipped 
witb a fused silica column 25 m, WCOT SE 52. Thecolumn temp. 
was initiated at 120” for 3 min and thm prog to 260” at IO’/min. 
MS m/z (rel. int.): nonanoic acid Me ester. 172 [Ml+ (Z), 143 [M 
-oMc]* (10). 141(1iA 129 (11hg7 (34x74 [CH,C(~H)MC]+ 




