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Abstract-Three new eucaryotic ultraplankton clones contained chlorophylls D and b and carotcnoids consisting of 
fi.xarotcne (l-6 O/b of total), /I&carotene (s9 y& (3R,YR&axanthin ((MQ (3S,3’S@staxanthin (G 17 pi), 
prasinoxanthin (S@ 65 “, major) and ncoxanthin (13- 25 “/A). One clone also prod& two new atinor carotcnoids with 
saturated 7’,8’-bond shown to be 7’,8’dihydroprasinoxanthin_4’.S’-cpoxide (4’,S’cpoxy-3,6,3’-trihydroxy-7,8,4’,5’.7’,8’- 
hexahydro_7,Eolrotcn-8-one, 4 T/b) and the lactone uriolide (5.@oxy-3,3’dihydrory-S,6,7’,8’-tetrahydro+~eroten- 
I l’,I9’-olidc, 8 “/J by methods including extensive *H NMR spin decoupling and mass spcctrometry. Chiralitics are 
considered using CD and ‘H NMR. The pigment distribution pattern suggests a close relationship to certain members 
of the class Prasinophyccac. 

Ih-TRODUCllON 

Raccntly we have elucidated the strwxure of praxino- 
xanthin (1, Scheme IL the major carotcnoid of a new 
coccoid marine ultraplankton clone n 48-23. The affinity 
of this green micrbalga with certain spa5cs in the class 
Prasinophyccae, and the use of prasinoxanthin (1) with its 
spaial structural features connected with ring A as a 
taxonomk marker were discussed [I J. 

presence of the characteristic terminus A, (1. Schemes 1 
and 2) of prasinoxanthin (l), conkmal by base catalyxai 
rctro akid cleavage to the C,, methyl ketone 9 
(Scheme 2); cf. previous results for 1 [I]. 

We now report a pigment study involving three ad- 
ditional small coccoid non-flagellated marine algae that 
closely resemble clone Q 48-23. 

RESULTS AND DISCUSSION 

Each clone contained chlorophylls D and b, danonstrat- 
ing their affinity to the Chlorophyta [2]. In each case 
prasinoxanthin (1) was the major carotcnoid (Tabk 1). In 
addition other B_ and e-derived carotenoids were en- 
countered. These included @zarotcnc (2) cmd @$- 
carotene (3). (3RJ’R~Zeaxanthin (4) and (3S,3’!+ 
astaxanthin (5) were isolated from clones B-f-5 and 1326 
I. The chiralitics were determined by the carbamate [3] 
and camphanatc [4] methods respectively. The alknic 
ncoxanthin (6) was prexcnt in all clones. 

Natura17formcdadiacetate7a,andfromthe1H NMR 
spectrum of 7 it was inferred that the founh oxygen 
function, connected with the sazond terminus, wax a 
secondary hydroxy group. ‘H NMR spectra of natural 7 
and the C,,-methyl ketone 9 with a chpractcristic high- 
6&l methyl sit&t at 60.75 and a one-proton broad 
singlet at 63.08, suggested that the final oxygen function 
represented a 4.S-cpoxide of a formally epoxidixcd c-ring. 
Thix was supported by literature data of a relevant 4,5- 
epoxy-t-type model [S]. Allocation of the sazondary 
hydroxy group in the unknown terminus to 3’-position 
appeared biogenetically plausible and was confirmed by 
spin decoupling. 

II9 

Clone URI 266 G in addition produced two new. minor 
carotcnoids, here shown to represent a dihydroprasiao- 
xanthin epoxidc 7 and the butenolidc & 

The naturally occurring praxinoxanthin derivatives 7 
was more strongly adsorbad and had a shorter chrome- 
phorc than prasinoxanthin (I). The mobcular ion of 
natural 7 at m/z 618 was compatibk with a mokcular 
formula CloH,,O,. The ‘H NMR qxctrum revakd the 

Lithium aluminium hydride reduction of natural 7 and 
of the wthyl ketone 9 causal hypsochromic shifts and 
formation of the products 10 and 11 respectively, both 
with aliphatic hcptacnc chromophorcs. Termination of 
the chromophorc at C-Y’ was consistent with the charac- 
teristic end-ofchain methyl signal (6 1.85) of Me-IQ for 7 
and Me-19 for 9. These data, together with the mobcular 
formula &H,,O,, compatibk with the mass spectral 
data for natural 7, reveal the presence of a saturated C- 
7’<-8’bond.consistcnt with ‘H NMR spectral data for 7 
and the methyl ketone 9. Natural 7 is thus 4’.5’,7’,8’- 
tctrahydroprasinoxanthirA’,S’-cPoxide, 

*Part 34 in the scncs ‘Algal Caroienoids”. For Fan 33 see 
Bkdrm. SYSI. Ecol. 13. 215. 

One r&n desavcs comment. Silylation of the 
smzetylatcd C,, methyl ketone 9r afforded a less polar 
product with vixible light absorption compatibk with an 
aliphatic UXUlU chromophon and considered to be the 
trimcthylsilyl en01 ether 12. Upon ekctron impact mass 
spaztromctry no molecuIar ion wax obacrval for 1% amI 
the [M - 721 l ion, ratio- in Scheme 2, represented 
the base pa&. Weak acid treatwnt of the en01 ether 12 
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2 V-P.1 
3 V.P.0 
4 E.P-t 
5 t-.P.F 
(I ‘i.P-4, 

caused revhon to the p8rent methyl ketone 98. !stn&u 
results were here obscwcd upon silylotion of the cm- 
respondingC,,-ketone obtained from prasinoxanthin (i). 

Ccmxming the conftgumliotr of its six chiral ccntra 
CD spectra of natural 7 and the CJ, methyl ketone 9 were 
inumxistcnt and ~fo~ti~. The Iow coup&g am- 
sum I,.+,. - 1 Hz for natural 7 suwtod that H-3’ and 
H-4’ were mans and hem that the hydroxy and epoxy 
gmup8hadtbetr~n(Scbanc2~Tbcawp 
liaOcovlsunlrokren*dforH-3’,I’in?andH-3,4in9uwi 
9a and for H-2.3 in the acetate 9m are compxtibk with the 
conformation of ring B shown in Schmc2. Gmmon 
Mtti -tMid 5,(HpoXidCS OIC: &!lWIi& tt67&% t0 thC 

C-3 hydroxy function [6], whcmas 5.6qoxides of 
auotcn-2-ols have been considered to be cis 173. 

Bi_y the same chitmlity at C-3,6 3’. 6’ would 
bc cxpoctad for prasinoxmthii (1) [I J. raXntly shown to 
have the 3,&c& dial configuration [8],8nd the naturai 
cpoxidc 7. The (3S,6RJ’R4’S,5’R&‘R)configumion for 
the cpoxick n amy tmativcly be postuktad taking the 
‘X NMR data into aamunt 

Themamdncwc8rotcnoidwuaxxignodthcbutmdide 
strWmIrc I Its tnobc&r ion at m/t 614.3983 revc&d the 
mobcular formula C&H,&. Two of the oxygen fune 
tions, were, as judged by the ‘H NMR spmnun, soaml- 
ary hydroxy groups, which was cm.6rmed by formation of 
a dixcctatc (&, !Gchcmc 3). OIK of the hydroxy functions 
was allytic, six danonstrrted by allybc wthyktim in 
acid&d methanol with cmcotnimt fumnoid rearrange- 
ment to the methyl ether 1% The non-mcthylntai 13 
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Tab& I. Figmenc annpmi~ion of four ammid marim miuc+w 
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URI 
Pigment 4&2?[I] BT-5 1326.1 2666 

btCuotaK (9 
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Prasimx4nthin (I) 
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8nd awhylxtal (lh) producu exhibitad bypuAuotni- of G8 cpimaq and product 1% aa 8n llnapuatad 
ally xhiftai VIS spectra and diqpoatically important mixture of four C-8 and C-3’ cpbers, acuwding to the 
fragmmt ions upon ekctron iroptft mass spaxromctry 
for the hydroxylatad fur8nuid end group; [M -8O), m/z 

~alreatktnaAunbforthcirfonnation[1Q 111. 
-thin (1) is known to give a mixture of C-3 

221urd 181 [9].Rodua 13wasconxidaaiuamixturc metbylct~non-~bkintht~TLC8yrtan[l]. 
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schcmc 3. 

l-he two final oxygen runctions in natural 8 were shown 
to be present in a butenolide moiety by ‘H NMR in 
comparison with peridinin [12]. ‘H NMR assignments 
are includal in Scheme 3. A charactcristk methyl signal at 
62.21 and two one-proton singlets at 67.01 and 5.68 
(6223. 7.04 and 5.74 rcspcctively for peridinin 1121) 
dearly defined the partial structure Z (Schtmc 3) in 
natural 8. Similar solvent shifts with pronounced spectral 
fine-structure in hexanc were noted for both pcdinin 
[12] ami natural 8, compatibk with the conjugated 
butenolidc moiety. Lithium aluminium hydride or 
scxiium borohydride reduction of the butenolidc 8 gave 
no dcfiti coloural products. 

Comparative ‘H NMR spectroscopy of violaxanthin 
(2 x Y. R = H, Scheme 3) [ 131 and of the butcnolide 8 
requirai allocation of the butcnobdc moiety Z to C-l I’/C- 
IQ ratbcr than to the C-11/C-19 position+ further con- 
turned by assignment of each individual oldinic proton by 
spin decoupling experiments. 

Allocation of the allybc hydroxy group to C-3’ and of 
the non-allytic one to C-3 followed from compktc 
assignaxnt of all ring protons using spin decoupling and 
was consistent with the mass spbctromrtrk fragmcn- 
tations of 8 & 13 and 13a. 

Consideration of the mokcular formula of natural 8. 
requiring 14 doubk bond equivaknces, and the con- 
Jugatd heptaentbutenohdc chromophore evident from 

the VlS spasun, showed that the C-7/C-8’ bond had to 
be saturated as for the natural prasinoxanthin derivative 7 
above. Eventually the prcdictai spin system for H-7’4 7’b, 
H-ll’a,gb was identified by decoupling experiments. 
Except for the allylr H-6 mcthinc proton, expected in the 
crowdcd620regionallprotonsin the400 MHx ‘H NMR 
spectrum of the butcnolidt 8 were assigned. 

We propose the trivial name uriobde (8) for this new 
carotcnoid butenobdc isolated from done UR1266 
G. Hitherto arotenoid tactones have been restricted to 
Dinophyoerre [ 141. Uriolide posvsscs five chiral centra. 
Its *H NMR spectrum in comparison with known car& 
tcnoid 3-hydroxy-S,&cpoxidcs [IS] reveal the common 

tran.r relationship between the hydroxy and cpoxide 
groups. Tbt CD spectrum of 8 was obtained. However, no 
meaningful CD correlation could be mode with related 
epoxidic carotcnoids such as violaxanthin (2 x Y. R - H, 
S&me 3) [ 161. Biogenetically uriolidc may be tentatively 
postulated to have the (3S,SR,6S,3’R,6’R~~~~tion 
(8)) 

The two new carotcnoids 7 and 8 described here from 
done URI 266 G offer complex structural features corn- 
bined with the saturated C-7/C-g bond, which is com- 
monly dosaturated at an early biosynthetic stage. 

In conclusion the pigment distribution patterns of the 
three coccoid ultraplankton clones studied here reveal a 
dose chcmosystematk rdationship to that of clone 
048-23 examined previously [ 1 J. As compikd in Tabk I 
the cuotenoid distribution pattern is character&d by a 
high proportion of carotcnoids with peculiar ptype end 
groups (27-35 % of total end groups) and with e-type end 
groups @O-35%), and the prescnoc of carotcnoids with 
epoxidk (7-15%) and alknic (7-13%) end groups 

The pigment distribution pattern of these coccoid, non- 
8agdlatcd marine ultraplankters with prasinoxanthin (1) 
as the dominant carotenoid strongly suggests their afhnity 
to some other specks having a particular complement of 
pigments. These other algae are presently assigned to the 
Prasinophyaae [IS]. 

EXPERIMENTAl. 

Brological auutrid. Clone BT-J wp( notated from a surface 

sampktakenar 32’I(rN,64”3VWon 20AAprill96Oad rendered 

uenic by R.R.L.G. Clone 13261 originated from a surface 

sampk a~ 25’2S’N. 87’OOW. taken by L.E. &and on 24 Apnl 

1980. Isolation mto axenk culture wu by L. Provasoli. Clone 

266 G was dewed from a 60 m sun+ t&en a~ I8”V’N. 80:45’W 

on 5 Man3 1979 by P. W. Johnson. of the Univurrty of Rhode 

Islad. The culture &vclopal in one tuk of medium ‘f/20’. and. 

though nrvcf formally cloned. hs shown no cvdaux of algal 

conwtion in ckctron microscope studies [P. W. Johnson, 
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lO).6.28(lH.d.I - II Hz.H-l4),6.3O(lH,d.J- 16-H-8). 
6.4O(lH,d.J - ISHzH-12).6.SO(lH,d.l = II Hz.H-141~4 
6.6~(2H,rrsH-ll.H-lS3.6.75(1H,~,~, - II Hz.J, - 14m 
H- IS). 7.01 (I H. J. H-IO’). All spin couplings were aublishcd by 
apptoprLtc daxuplmg u@menlr MS m/r (rd. int.h 614.3983 
(talc. 614.3971 for &H,.O,) [Ml’ (30). 5% [M - 181’ (5Oh 
534 [M-80]’ (25). 522 [M-92]’ (35). 516 [M-80-18]’ 
(25~504[M-92-18]‘(I5),221 (100).CD(EPA)nm(Ac)215 
(0).225(-~240(0r,250(+I),260(0),267(-2).278(0).315 

t-25). ~0 W. 
L’didt dinmate (88). Standud rcrylalion of ~rural 8 

(0.2 mg) providal the dmatare &, R, - 0.46 (30% AH), VIS 
i, nm 447. 474; MS m/z (rd. int.): 698 [M] l (151 638 [M 
-601’ (I001 606 [M-92] (IS). S58 [M-60-80]’ (6Q 263 
(70). 223 (40) 

fw~oid rearranged uriolide (13). Sundud trumcn~ of 
na~urd 8 (0.3 mg) with 0.03 N HCl in MeOH. mudoral by 
TLC, resulted in formation of 13 l nd 1h in nrio I: I. 
Compound I3 hd R, - 0.46 (4000/, AH); VIS A_ nnx (405). 427 
(4SSk MS m/r (rd. int.)z 614 [Ml’ (30), 612 [M - 21’ (200). 610 
[M-2-2]‘(I5).~%[M-18]‘(100),534[M-80]’(200).S22 
[M-92]‘(30o,.516[M-80-l8]‘(60).504[M-92-18]’ 
(20). 221 (5OA 181 (50). 

Fwanoid rmrranged wiolide Y-methyl rrher (Ih). Compound 
IJI, pqmral above. R, - 0.60 (40% AHk VIS i, nnx (405). 
427, (USk MS m/z (rd. inr.): 628 [M ] * (SO), 5% [M - 321 l (20), 
548 [M -801’ (2001 536 [M -921’ (25), 221 (lOO), 181 (100). 

Ac&nmvlcdgrmrs-We tank Rhonda Sdvin for nlurbk as- 
sirlana with algal nuss culdndon II The Bigdow tdon~ory. 
Mw G. Both, chanulry Dqrtaxn~ h The Tachnifol 
University of Dcnmuk, Lynpby. for nxasuremcn~~ of CD 
spoxn ud cpnd. real. Tore Skjctnc, lnslitu~e of Clxmisuy. this 
University. for the m MHz ‘H NMR spectra This work was 
supportal in put by N111onal Science Founblion Grants OCE- 
820826 ti OCE-81-17995 to R.R.LG. 
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