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Abstract-The carotenoids of the photosynthetic dinoflagellates Amphidiniurn carterae (two strains), Glrnodinium 
sp.. Gymnodinium splendrns, G. nelsoni and Gyrodinium dorms have been investigated. quantitatively and qualita- 
tively. Peridinin is the principal carotenoid in all species; also present are j&carotene. diadinoxanthin, dinoxan- 
thin, pyrrhoxanthin, astaxanthin, peridininol, diatoxanthin and pyrrhoxanthinol. New structures have been 
assigned to dinoxanthin and pyrrhoxanthin while peridininol and pyrrhoxanthinol are new carotenoids not pre- 
viously reported. A carotenoid glycoside, P-457, found in four species. is a hexoside. Dinoxanthin is the only 
plausible biosynthetic precursor of peridinin that could be detected. 

INTRODUCTION 

DINOPHYCEAE are members of an algal class (division Pyrrophyta). carotenoids of 
which, except for peridinin (l), have not been adequately investigated by modern spec- 
troscopic methods. Previous investigations on the carotenoids of dinoflagellates, including 
zooxanthellae (symbiotic dinoflagellates) are listed in Table 1. There is general agreement 
that /?-carotene (2) is the only hydrocarbon present, 2,6,9,1 1 although a y-carotene-like pig- 
ment also has been reported.” The principal carotenoid is peridinin (1). Peridinin (l), first 

* Part X in the series “Algal Carotenoids”; for Part IX see Acta Chew. Stand. In press. 
t On leave of absence from Chemistry Division, Argonne National Laboratory, Argonne, IL 60439,U.S.A. 

’ (a) PARSONS. T. R. (1961) J. Fish. Res. Borrrd Cumda 18, 1017: (b) TAYLOR. D. L. (1973) A~lrt. Rev. 
M icrohiol. 21, I7 I. 

’ PINCKARL), J. H., KITTREI)OE, J. S., Fox, D. L., HAXO, F. T. and ZECHM~IST~K, L. (1953) Arch. Biochom. Bioplzys. 
44, 189. 

3 RILEY. J. P. and WILSON, T. R. S. (1967) J. Mar. Biol. Ass. U.K. 47, 351. 
4 PARSONS, T. R. and STRICKLAND, J. D. H. (1963) J. Mar. Rrs. 21, 155. 
’ BUNT, J. S. (1964) Nature 203, 1261. 
’ JEFFREY, S. W. and HAXO, F. T. (1968) Biol. Bull. 135, 149. 
’ JEFFREY. S. W. (1968) Biochim. Biophys. Acta 162, 271. 
* JEFFREY, S. W. (1961) Biochem. J. 80, 336. 
9 LOEBLICH. A. R. III and SMITH. V. E. (1968) Lipids 3, 5. 

lo MANDELLI, E. F. (1968) J. Phycol. 4, 347. 
I’ STRAIN, H. H.. MANNING. W. M. and HARDIN. G. (1944) Biol. Bull. 86, 169. 
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isolated in 1890 by Schiitt. ‘(’ is considcrcd identical with sulcatoxanthin isolated from the 
sea anemone Anc~zorritr s~lcaftr. ’ 4 It is a unique bicyclic nor-carotcnoid with a Cj,-skele- 
ton, ’ ’ Two dinoflagcllatc species (G/r/~oclirzilrrll~i~~~u~~,~~~?~ and G~n~r~odinizrn~ c~~z(ific~~~~) are 
reported to contain fucoxanthin (3) instead of peridinin (I) as the major carotenoid.3.‘0 

T.\rrt I 1. C‘AKOTf \,,,,I ~‘0411’051’110\ OI SOM, I)IZOI’H>(‘l 4,. IU I’I K (‘I \ I 0, IOTAI (‘,Il<Ol-I \OIIX 
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+ + 

+ + 

Associated with peridinin (1) are diadinoxanthin (4) and dinoxanthin and certain caro- 
tenoids in smaller quantities, some of which are believed to be &-isomers.’ ‘.I 5 Structure 
4 for diadinoxanthin has been independently confirmed.‘*,” Most workers (Table 1) 
report dinoxanthin as a mcmbcr of the Dinophyceac carotenoids, but no structure has 
been proposed. Strain P[ al. l1 described its spectral properties in visible light [L;,,,, (eth- 
anol) 441.5 and 471 nm]. relative polarity on magnesia and sugar columns and colour reac- 
tion with concentrated hydrochloric acid. Loeblich and Smith” described dinoxanthin in 
its uncsterified form as a dihydroxy-5.6-monoepoxide with a nonaene chromophore and 
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non-allylic hydroxy groups. The occurrence of dinoxanthin may not be restricted to dino- 
flagellates since it has been reported to be present in a Chrysophyte (Isochrysis galb~na).‘~ 

OH 

Pyrrhoxanthin (6) 

HO 

0 Astaxanthin (7) 

OH OH 

Fucoxonthin (3) Peridininol (8) 
OH 

Diadinoxonthin (4) Diatoronthin (9) 

Dinoxonthin (5) Pyrrhoxanthinol (K)) 

P-457: A hemslde (11) 

The presence of unidentified xanthophylls has been frequently reported in dinoflagel- 
lates.225~729~11 Loeblich and Smith’ isolated and described several minor xanthophylls 
from the marine dinoflagellate Gyrodinium resplendens. One of these, pyrrhoxanthin [i,,, 
(hexane) 459 and 487 nm; &,,,, ( e th anol) 471 nm], possesses a conjugated carbonyl group 
like peridinin (1) and was considered to be a 5,6-monoepoxide. 

The structure of peridinin (1) suggests that dinoflagellates possess enzyme systems cap- 
able of modifying the polyene chain. In other organisms structural diversification usually 
occurs in the carotenoid end group. A hypothetical scheme for the formation of the peri- 
dinin (1) skeleton has been presented by Strain et al. (Scheme la).” Taking into account 
the fact that peridinin-containing dinoflagellates are photosynthetic, Kjosen” suggested 
that the expulsion of the &-unit may be a photosensitized reaction sequence, although 
enzymatically controlled (Scheme 1 b). 

The aim of the present work was to analyze the carotenoids of selected dinoflagellates 
with special attention to the minor carotenoids, in order to gain knowledge of the biosyn- 
thesis of the unique C,,-skeleton of peridinin (1). A further goal was to provide a more 
secure basis for evaluating phyletic relationships among the brownish coloured algae. 

RESULTS 

Cultures of Amphidinium carterae (Plymouth No. 450 and Provasoli strain), Gymno- 
dinium nelsoni strain GSBL, G. splendens, Gyro&km dorsum (all of order Peridiniales, 
family Gymnodiniaceae”‘) and Glenodinium sp. (order Peridiniales, family Glenodinia- 
ceae2 ‘) were grown under conditions described below. The carotenoid composition of each 

” KICTSEN, H. (1972) S~~~thetic and Specrroscopic Studies of Carotenoids, The University of Trondheim. Trond- 
heim. 

21 PARKE, M. and DIXON. P. S. (1968) J. Mar. Biol. Ass. U.K. 48, 783. 
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(0) 
R-8 

(b) 

hJ 

alga was analyzed (Table 3); judging from the appearance on initial TLC plates, the six 
cultures contained the same pigments (Table 2). However, subsequent purifications of the 
individual carotenoids suggest that there may be some species differences in minor caro- 
tenoids. The chromatographic separation was complicated by furanoid rearrangement of 
5,6-epoxides, probably due to traces of acid derived from the biological material. The pig- 
ments from each species were investigated separately, and similar fractions were pooled 
when considered identical, judged by electronic and MS and co-chromatography. 

The carotenoids are treated in order of increasing adsorption (Table 2). p-carotene (2) 
which comprised from 0.4 to 3.7:;) of the total carotenoids. was the only carotene present 

zone no. R r 
Colour of A”,.,, 

zone (MqCO) Carotenoid 

I 0.96 

2 094~0.66 

3 0.67 O-SO 

4 @47 

Yellow 

Tr. of 
yell0bV. 

orange. red 

Grey, green, 
tr. of yellow 

Yellow 

5 

6 

6A 

7 
s 

Yellow 

Red 

Orange-red 
Brownish- 

green 

(42X). 452. 477 [Karotcne I oo”,, p, 
I’nidcntified I5”,, a.p. 

Clnidentiiied 

418. 442,470 Dinowanthin 
357.5 Pkrrhoxanthin 

452. 479 Diatoxanthin 

426, 441.5. 478 Diadinoxanthin 

466 Pcridinin 

457.5 Pyrrhownthinol 

466 Perldminol 
457 P-17 

Solvent 
used on 

rschrom. 

20” 0 a.p.. s. 

X)“,, a.p. 

35”,, a+. 

50”,, a.p. 
30” b.m. <I 

a.p. = ‘I< Me,CO in petrol. 
b.m. = “t, C H in MeOH. <I h h 
tr. = Traces. 
s. = Saponified before rechromatography. 
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and was identified by its spectral properties (electronic and MS) and by co-chromat- 
ography with synthetic material. The next four pigments (one zone on TLC, cfr. zone 4; 
Table 2) were separated after acetylation. They comprised from 3.1 to 9.4% of the total 
carotenoids. Diatoxanthin (9) was identified on the basis of the electronic, IR, and MS 
properties of the diacetate (12, formulae numbers of structures not given refer to the 
Experimental) and from the MS of the unacetylated mixture. Authentic diatoxanthin 
(9) or its diacetate (12) were not available for comparison. 

TABLE 3. CAROENOID COMPONENTS IN ORDER OF POLARITY OF SIX DINOFLAGELLAT~S 

Ordrr: Perldiniales 

F~EUl~: Gymnodmiaccac Glcnodiniaccac 

Pigment 

EJ& 

used I(‘, of 

in acetone (mg) ” 

I” of (‘?. of ,” 01 II I(’ of C, of 
tOtEdI) (mg) ‘” total) (wd total) Cm) total, (mg) ’ total) lmgl t&31) 

p-carotene 
Unknown 
Diatoxanthin 

Pyrrhoxanthin 
Dinoxanthin 

Astaxanthm 

2500 030 0.4 0.14 09 0.06 37 012 09 008 0.4 0.20 0.4 
2500 018 0.2 0.04 0.3 0.0 I 0.6 O-03 0.2 0.40 1-9 0 14 0.3 

7’3 1 2100 > 3.28 4.6 I l,O9* > 0.05, 3 , 2.02 9.4 2.25 49 
0.08 @5 0.51 4.0 

2scm 015 03 
Diadinoxanthm 2250t 18.42 258 056 3-8 0.22 13.4 2-87 222 4.87 22.6 4.34 9.4 
Peridinin 1350% 48.50 67.9 12.75 855 I.30 79.2 9 18 70.9 13.67 63.6 3813 829 
Pyrrhoxanthinol 1350 0 IO 0.5 
Peridininol 1350 0.09 0.1 0.25 I 7 tr. O-12 09 o- I 2 O-6 0.28 0.6 
P-457 2500 0.70 I.0 @II 09 O-21 I -0 0.53 I.2 

Total (mg) 
Total sample dry 

weight(g) 
mg/g Dry wright 

71.47 1491 l-54 I294 2 I 41 46.02 

19.90 25.w 12.65 1267 I I.70 
3.59 2.91 I .02 I-70 3.93 

* Reference 6. 
t Present study. 
0 The E:‘&, of dinoxanthin (= neoxanthin-3-acetate) is used.‘* 
5 Includes some diadinochrome (rearranged diadinoxanthin). 
I/ Presence of diatoxanthin and pyrrhoxanthin are uncertain. 
c Only l/5 of the extract was investigated. 

Pyrrhoxanthin (6) gave a monoacetate 13. A parent peak in the MS of the unacetylated 
mixture at m/r 612.3454 (CJ9H4s06) indicated that pyrrhoxanthin (10) is closely related 
to peridinin (1, C39H5007). The IR spectrum of pyrrhoxanthin acetate (13) showed a weak 
absorption at 2170 cm- I, characteristic of an acetylenic group. Upon treatment of peri- 
dinin acetate (14) with POCl,, a mixture of the allenic anhydroperidinin acetate (15) and 
the acetylenic pyrrhoxanthin acetate (13) was formed, as reported separately.22 The elec- 
tronic spectra of semisynthetic and natural pyrrhoxanthin acetate (13) were identical and 
the compounds could not be separated on kieselguhr or alumina paper. The acetoxy end 
group of pyrrhoxanthin (10) was assigned to the acetylenic end group, tentatively C-3, for 
the same reasons mentioned below for dinoxanthin (5). Previous data reported for pyrr- 
hoxanthing are consistent with this formulation. 

Dinoxanthin (5), the major component of the above mixture (zone 4; Table 2), gave a 
monoacetate (16). A molecular ion at m/e 642.4284 (C42H5805) before acetylation was 
consistent with the monoacetate of a C,,-carotenoid. Dinoxanthin acetate (16) gave a 

22 JOHANSEN, J. E. and LIAAEN-JENSEN, S., Acta Chem. Stand. In press. 
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hypsochromic shift (1X nm) in visible light on treatment with dilute hydrogen chloride in 
acetone, as expected for furanoid rearrangement of a 5.6epoxide.‘” Dinochromc acetate 
(17 = furanoid rearranged 16) gave a mono(trimethyl)silyl ether 18 on silylation and 
neochrome (19) upon saponification. Dinoxanthin acetate (16) exhibited IR absorption at 
1925 cm- ‘. ascribable to an allenic group. The acetoxy function was assigned to the allenic 
end-group, tentatively C-3. from MS data. The MS of the unacetylated mixture containing 
dinoxanthin (5. a natural acetate) had prominent peaks at 111, tl 181 and 321. typical of a 
3-hydroxy-5,6-epoxide end-group.” whereas no peaks at III;C ___ 713 and 263. characteristic 
of 3-acetoxy-5,6-epoxidcs were observed. Dinosanthin (5) is thus considered to be ncoxan- 
thin-3-acetate. Previous data reported for dinoxanthin ‘.’ are consistent with this formula- 
tion. 

x= 
AcOP\--“,, OSiMe, t.. 

(19) (181 

Astaxanthin (7) was found only in Glenodirziun~ sp. (@3’:,, of total carotcnoids), Identifica- 
tion of the crystalline sample as astaxanthin (7) was based upon comparison of the clec- 
tronic spectra and co-chromatography with authentic material. The MS showed the molc- 
cular ion at !)I;(> 596.3866 (C4,,H5?04). An rn!c~ 594.3704 (c’,,,H,,,O,) peak could either 
represent an M-2 peak, the molecular ion of part11 oxidired astaxanthin (20j or the mole- 
cular ion of monoacetylenic astaxanthin (e.g. 21). The absence of a corresponding peak 

(n~l.‘~’ 678) beside the molecular ion /K/C 6X0 in the diacctate (22) obtained after acetylation 
of the mixture (zone 4; Table 2) argues against the co-existence of the acctylcnic derivative 
(e.g. 21) of astaxanthin (7). Astaxanthin diacctate (22) co-chromatographed with an authcn- 
tic sample. On saponification in the presence of air astasanthin diacetatc (22) gave a prod- 
uct which was strongly retained on alumina paper. a typical property of carotcnoid dios- 
phenols’” and as expected for astaccne. 

HO V 

,17xL-__ AczO/‘pyr ye” KOH/Opv 

+ 

(?+-~X __rr_mr &qx 

AcO HOA+ - 
+.< 

O (7) 
0 d 0 

0 (22) 

J2 

,I OH 

0 

e 
/X 

0 (211 
0 (20) 
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Diadinoxanthin (4) m.p. 172-175°C (uncorrect, previously reported 158-162”C18) was 
the second most abundant carotenoid (from 9.4 to 258%). It was identified on the basis 
of spectral properties (electronic, IR, MS and NMR spectra), and by chemical reactions. 
Diadinoxanthin (4) gave a diacetate (23) on acetylation and furanoid rearrangement to dia- 
dinochrome (24) on treatment with dilute hydrochloric acid in acetone. Co-chromat- 
ography with authentic diadinoxanthin (4) gave no separation. 

TABLE 4. ABSORPTION MAXIMA OF ALL-~JYUZS DIADINOXANTHIN (4) 

Solvent 

Hexane and 
petrol. 
MeOH 
Me&O 

I.,,, (nm) E;& % De/Du % III/II 

278. 338. (424). 445.5. 474.5 2110 7 51 
338. 444.5, 474 2250 6 54 
340, 426. 447.5. 478 2230 9 61 

Peridinin (1) was the most abundant carotenoid in all species and comprised from 63.6 
to 85.5% of the total carotenoids. Its spectral properties (electronic, IR, MS and NMR 
spectrum) were consistent with reported data.17 Upon co-chromatography with authentic 
peridinin (1) no separation was obtained. 

AC 
(11 (4) 

Pyrrhoxanthinol (lo), found in Gyrodinium dolsum (0.5%; of total carotenoids), was iden- 
tified from its spectral (electronic and MS) properties only. Its electronic spectrum was 
identical to that of pyrrhoxanthin (6) indicating the presence of the same chromophore. 
A molecular ion at m/e 5703351 (C37H4h05) indicated that this pigment was pyrrhoxan- 
thin (6) lacking the acetoxy group at C-3. Pyrrhoxanthinol (10) was slightly more polar 
than peridinin (I), and was only observed during rechromatography of the pooled peri- 
dinin (1) extracts. 

Peridininol @comprised from trace amounts to 1.7% of the total carotenoids. Peridininol 
(8) and peridinin (1) had identical electronic spectra, but peridininol (8) was more polar 
and had a molecular ion at m/e 588.3460 (C37H480h) consistent with a deactylated peri- 
dinin (1). Peridininol(8) gave peridinin acetate (14) on acetylation, and peridinin (1) gave 
peridininol(8) on careful treatment with alkali. 

Unidentified pigments 

P-457 (11) was the most polar carotenoid found. Attempts to record IR- and MS were un- 
successful. The electronic spectrum of P-457 (11) indicated an octaene conjugated with a 
carbonyl group. The MS of its acetate, P-457-ac. 1 (25) exhibited peaks at m/e 331, 211, 169 
and 109, strongly indicating that P-457 (11) was a hexoside.25 Exact mass measurement 
of the prominent peaks in the higher mass region gave no further structural information. 
Silylation of P-457-ac. 1 (25), monitored by PC, indicated that a mono(trimethyl)silyl ether 
(26) was formed, thus revealing the presence of one tertiary hydroxy group in P-457 (11). 

25 BIEMANN, K., DE JONGH, D. C. and SCHNO~.S. H. K. (1963) J. Am. Chum. SW. 85, 1763 
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The reaction products formed upon treatment of P-457 (7) with dilute acidic methanol, 
or diazomethane and of P-457-ac. 4 (27) with LiAlH, were compared. All had octaene- 
type chromophore (hypsochromic shift of 2>26nm in acetone and methanol and in- 
creased spectral fine structure). 

Several minor carotenoid pigments were observed on the initial TLC-plate between p- 
carotene (2) and the mixture of dinoxanthin (5), pyrrhoxanthin (6). diatoxanthin (9) and 

astaxanthin (7). Some of these were partly masked by large amounts of pheophytin and 
chlorophyll. The latter were removed by saponification prior to rechromatography of the 
mixed carotenoid fraction. Data for these minor carotenoids are summarized in the Exper- 
imental. Identification of the trace pigments requires further investigations with larger 
amounts of starting material. 

DISCUSSION 

It may be concluded from the previous and present investigations that peridinin (1) is 
the major carotenoid of dinoflagellates. Two exceptions have been reported,“.“’ where 
fucoxanthin (3) replaces peridinin (1). Two WoloszJxsku spp. also appear to contain firco- 
xanthin (3) rather than peridinin (l).‘h In a recent screening of another twenty dinoflagel- 
lates from uni-algal cultures. seventeen contained peridinin and three (including C;lr~o- 
dirrim Ji~liacwu~ = P~~irli~~im ,fiAitrwurn) showed replacement of peridinin by fucoxan- 
thin.” 

From the present study. [i-carotene (2), diatoxanthin (9), pyrrhoxanthin (6). dinoxan- 
thin (5) and peridininol (8) seem to be regularly present. Pyrrhoxanthinol (IO) was 
encountered only in one species, but might have been overlooked in other species exam- 
ined. A glycosidic carotcnoid was found in four species. the first report of a glycosidic caro- 
tenoid in dinoflagellates. Because of the extreme polarity of this pigment it ma! have been 
overlooked in other cases. Astaxanthin (7) does not seem to occur generally. and was only 
found in the species belonging to the family Glenodiniaceae. The presence of astaxanthin 
(7) is surprising since its structure is not closely related to other known dinoflagcllates 
carotenoids. except o-carotene (2). 

Dinoxanthin (5) represents a likely C,,-precursor of peridinin (1) with both the prridinin 
end groups pre-made. No minor carotenoids were present which could enlighten the pos- 
tulated structural modifications of the polyene chain leading to peridinin (1). HolYever. we 
here report the occurrcncc of peridininol (8) pyrrhoxanthin (6) and pyrrhoxanthinol (10) 
which represent structural variations of peridinin (1). The possibilit) of the alcohols 8 and 
10 representing deacetylated artefacts of the naturally occurring acetates (1 and 6) is not 
likely considering the isolation procedure used. 

EXPER IMl- NTAL 

Bioloqiwl rmtwitil. The dinoflagcllate cultures examined and their origins wcrc as follows: .Anqhidiniuur cur- 

ICI’UC Hulb. from L. Provasoli (origjnal designation A. kkhsii Kof. et &very*); ,4~~~phrdi~1itr~r1 (wtww Hulb.. Ply- 
mouth 4SO(from L. Provasoli through D. L. Tavlor and originally designated ;1. /wj~‘ri) *; Glrriotli~7iufr~ sp. from 
L. Provasoli through M. Bernhard: (;~,“l’l”tlin;lrr,~ .spknden.s Lebour, Haxo Py- 14; G‘~rodrr~i~r/~ dorsun~ Kofoid. 
HUO Py-18. through 1). Davenport; G~wnodirlium ~wlsoni strain GSBL from R. Gu&rd. The dinotlagcllates 

“’ WHI~TLI. S. J. and C,zrsr.~ios. P. J. (196X) Rrir. P/I~I/. Rlr[l. 3, 602. 
‘- JrI I KEI. S. W.. Sit I I(‘U M and H~No. F. T.. To be published. 

* Clarltication of spccics designations by personal communication5 from 1.. Prowsoli and r>. 1.. ‘r:~~lor: see 
also I-,\YlOR. D. L (1971) Hrif. fi~wr,/ .I 6. 129. 
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were grown as uni-algal cultures on Loeblich’s modification (GPM) of Gonyaulax polyedra medium.9.‘3*2s Large 
scale culture was at 18-20°C in 180 1. polyethylene drums,29 omitting soil extract and with a l/2 supplementation 
of nutrients during the growth period. Illumination was continuous at an intensity of 3300_66COlx, provided by 
cool white fluorescent lamps. The cultures were bubbled lightly with air through glass tubes, keeping the algae 
in suspension during growth. Algae were harvested near the end of log phase growth (10-19 days) on a Sharples 
continuous flow centrifuge, yielding 42-100 g fr. wt of tells/1721. The packed cells were suspended in 0.05 M Tris 
buffer at pH 8.0, frozen, lyophylized and stored at 5”. 

Materials and merhods. Unless otherwise specified these were as described elsewhere.30 IR spectra were 
recorded in KBr, PMR spectra in CDCl, and MS on an AEI MS 902 mass spectrometer with direct inlet system 
at 70eV, 19s270°C. Exact masses were measured using PFK and (C,F,),N as standards. 

Isolation. Freeze-dried cells were extracted with MeOH-Me,CO (3:2). The crude extracts were centrifuged and 
taken to dryness under vacuum and dissolved in ether. The pigments were separated initially by TLC on silicagel 
G (1 mm thickness, 30% Me,CO in petrol.). A brownish-green ppt., insoluble in ether, was dissolved in MeOH 
prior to chromatography. The carotenoids from each zone were rechromatographed in appropriate TLC systems, 
described in detail from Gyrodinium dorsum in Table 2, and the individual components characterized (Rf-value, 
co-chromatography, visible and MS). The carotenoids obtained from Amphidinium carterae, Gymnodinium 
splendens. Gymnodinium dorsum and Glenodinium sp. were mixed when considered to be identical. The native 
carotenoids are considered below in order of increasing adsorption (Table 2). The carotenoids of zone 4 were 
acetylated to achieve separation. 

/Warotene (2) had i.,,, (Me,CO) (428), 452 and 477 nm: I,,, (petrol.) (425), 446.5 and 472 nm; m/e 536 (M, 
83.4x), 444 (M-92, 8,3x), 430 (M-106, 3.7%) and 378 (M-158,0.9%). Chromatography on alumina paper (SS288, 
I:/, ether in petrol.) gave two zones, shown to be isomers by iodine catalyzed stereomutation. The all-trans isomer 
could not be separated from synthetic p-carotene (2) in the same system (R, 0.50). 

Diatoxanthin (9) exhibited a molecular ion in the MS of the zone 4 pigments (Table 2) at m/e 566.4127 (talc. 
566.4124 for C,,H,,O,). The zone 4 pool from four species on acetylation yielded 0.64 mg diatoxanthin diacetate 
(12), R, 084 (SS288, 5% Me&O in petrol.), had I,,, (Me&O) 452 and 479 nm; I,,, (hexane) 447 and 474.5 nm; 
v,,, (KBr) 3020,2955,2920 and 2850 (CH), 2170 (-C=C-), 1737 (C=O),1625, 1565 (C=C), 1453 (CH,), 1363 (Me), 
1242 (C-O), 1188, 1147, 1125. 1073, 1030 (C-O), 967 and 958 (tram -CH=CH-), 890, 830 (=C=CH-), 746 and 
720 cm-‘; m/e 650 (M, 59.1%). 608 (M-42. 0.8%). 590 (M-60, 4.1%) and 558 (M-92. 09%). 

Pyrrhoxanthin (6) exhibited molecular ion in the MS of zone 4 at m/r 612.3454 (talc. 612.3451 for C39H4806). 
The pooled fractions of zone 4 from 4 species on acetylation yielded 1.31 mg pyrrhoxanthin acetate (13) I,,, 
(Me,CO) 457.5 nm; &,,, (MeOH) 457 nm; Y,,, (KBr) 3020, 2955, 2925 and 2855 (CH), 2170 (-C=C-), 1756 and 
1740 (C=O), 1630, 1520 (Cc), 1460 (CH,), 1379 and 1366 (Me), 1244, 1231, 1127, 1043, 1030 (C-O), 986 (tram 
XH=CH-), 943,905, 820 ( >C=CH-), 768, 725 and 643 cm- ’ ; m/e 654 (M, 21.2%), 526 (M-28, 0.7%), 612 (M-42, 
1.2x), 594 (M-60, 5.0x), 579 (M-75,2.3%), 574 (M-80, 1.0x, 562 (M-92, l-2:/& 478 (57x), 450 (1.8x), 303 (10.7x), 
285 (10,6x), 233 (7.6%) and 223 (15.3%). PC (SS287, 5% Me,CO in petrol.) gave two isomers: neo A:R, 0.50 
(orange); I,,, (hexane) 267,336,455 and 484 nm, % D,/D,, = 24, 31 y0 III/II = 233’ and trans:RI @41 (red); A,,,,, 
(hexane) 268, (336), 459 and 489 nm, o/0 D,/D,, = 14, 0/0 III/II = 32. These were interconverible by iodine cata- 
lyzed stereomutation. The trans isomer could not be separated (SS287, 5% Me,CO in petrol.) from semisynthetic 
pyrrhoxanthin acetate (13) obtained from peridinin acetate (14).‘2 

Dinoxanthin (5) had a molecular ion in the MS of the zone 4 pigments (Table 2) at m/e 642.4287 talc. 642.4284 
C4ZH5805). On acetylation of the pigments of zone 4 (Table 2) from four species 2.66 mg dinoxanthin acetate 

(16) was obtained; R, 0.57 (SS287, 10% Me&O in petrol.); ,I,,,,,, (Me,CO) 418,442 and 470 nm; vmax (KBr) 3430 
(OH), 3030,2960,2920 and 2853 (CH), 1930 (allene), 1738 (C=O), 1628, 1447 (CH,), 1366 (Me), 1245, 1160. 1120, 
1073, 1031 (C-O), 967 (trans-CH=CH-), 888,885,837 (>C=CH-) and 821 cm-‘; m/e 684 (M, 667%), 666 (M-18, 
145x), 624 (M-60, 16.1x), 604 (M-80, 10.6x), 592 (M-92, 55x), 586 (35.3”/), 544 (5.1%), 263 (58.8x), 223 (35.2%) 
and 221 (27.4%). The diacetate (16) on standing rearranged to dinochrome acetate (17)22; &,,,, (acetone) 401,424 
and 450 nm. Dinochrome acetate (17,0.10 mg) was saponified (1 hr). Yield 0.10 mg (100%) neochrome (19); I,,, 
(acetone) 401,424 and 450 nm; m/e 600 (M). Dinochrome acetate (17,0.10 mg) was silylated (1 hr. room tempera- 
ture), yield 0.02 mg (13%) 17-mono(trimethyl)silyl ether (18); R, @91 (SS287, 5% acetone in petroleum ether); A,,, 
(acetone) 400, 423 and 448.5 nm; m/e 756 (M, 53,0x), 714 (M-42, 2.9%) 696 (M-60, 2.9x), 676 (M-80, 103x), 
666 (M-90, 25,8x), 664 (M-92, 13.2%) and 586 (M-8&90, 50.0%). 

Astaxanthin (7). An acetone soln of zone 4 (Table 2) from GIenodinium sp. yielded red crystals of 7 (0.04 mg) 
before acetylation; I,,, (acetone) 472 nm; m/e 596,3856(calc. 596.3866for C4,,Hs204, M,, 71.8%), 594.3704 (talc. 
594.3709 for C H 0 40 50 4. M,, 750%). 504 (Ml-92, 13.3%) and 502 (M2-92, 16.7%). Co-chromatography with auth- 
entic astaxanthin (7) gave no separation, R, 044 (SS287, 10% Me&O in petrol.). Astaxanthin diacetate (22, 

28 LOEBLICH, A. R. (1971) Physiology, Morphology and Cell Wall of the Marine Dinoflagellate Cachonina niei, The 
University of California, San Diego. 

29 SIEGELMAN H. W. and GUILLARD, R. R. L. (1971) Methods in Enzymology (SAN PIETRO, A., ed.), Academic, 
New York.’ 

3o AASEN, A. J. and LIAAEN-JENSEN, S. (1966) Acta Chem. &and. 20, 1970. 
3’ KE, B., IMSGARD, F., KJLISEN, H. and LIAAEN-JENSEN, S. (1970) Biochim. Biophys. Acta 210, 139. 



2270 J. E. JOI~AUSI~U. W. A. Svbc. S. LIAAl N-JI:\SF v and F. T. H.&ho 

0.1 1 mg) was ohtained on acetylation of the lone 4 pigments (Table 2) from Glcmxliuiw sp.; EL,,,, (acetone) 
474 nm; m/:e 680 (M. 10.7:,). 638 (M-42, 04”,,). 622 (M-58. I~S~~~,). h20 (M-60. @4’:,,). 5X8 (M-92. 0.X’:,,) and 564 
(M-l 16:‘. 1.4”“). Co-chromatography with authenticastaxanthin diacetate (22) gave one /one, R, 0.73 (SS287, lo”,, 
MelCO in petrol.). Aslaxanthin diacetate (22) treated with l”,, KOH tn MeOH (5 ml) for 1 hr gave a product 
which was completely retained on alumina paper (lOO’>,, acetone). The product exhibited & (acetone) 475 nm. 

nitrdirto.utrrrfhirI (4) from 4 spccics was purified by TLC‘ on kteselgcl G: yield 19.7 mg. PC (%2X7. IO”,, McZCO 
in petrol.) gave two I’oncs: major 180”,,); K, 0.19; i,,‘,, (ethanol) 277.5, 33% (416). 447 and 476 nm. “,, D,‘DrI = 11, 
“(, III.‘11 = 30 and minor (Z)“,,,): R, 0.32: i,,,,, (ethanol) (276). 325. 3?7.5. 321. 341.5 and 370~5 ntn. “<, D,/D,, = 4X. 
“,1 111,ll = 34. The iodine c~~tal~~cd.rqttilihrium mixture of each isomer had identical clcctronic spectra. PC of 
the 2 mixtures gave the same 2 hands. (‘o-chromatography wtth authentic diadinoxanthin (4)” pave no acpar- 
ation from the least polar ~onc. Diadinoxanthin (4) was crystallircd from Mc,C‘O. qteld 7.6 mg ami from Me2C0 
hexane. licld I.3 mg. The latter crystals (all-trutls) had m.p. 172 I75 c‘ (uncork-.. ripol-ted 1% 161 Cl’); i,,,, 
(Table 4); v,,,,, (KBr) 3420 (OH). 3030. 2960. 2915 and 7X55 (<‘H). 7175 ( (kc‘ 1. 1650. 1.565 (C‘=C‘). 1450 (CH,). 
1385 and 1365 (Me). 1295. 1265. 1170. 1125. 1050. IO30 (C’ 0). 965 (rrt~~.s CH-CH 1. 915. X.35 (7GCH~ I and 
705 cm ’ : ~1, e 582 (.M). The hst crystals (hi.\ + all-frurls?) showed i,,,,, (hcxanel 27x. 3315. (424). 445.5 and 
475 nm. “(,D,, D,, = 12. I’,, 111~11 = 51: ;i (CDCI,: cf. numbering) 0.9X s (Me-l. 7H). 1.15. I-19 and 1.20 (Mc-I. 
I l .5. 1zf1). 1-27 \ (imp.). I.‘>? (MC-~ 1. I% (Me-Y.ii.13’1. 2.00 (Me-0’1. I.93 2.00 I IILl). 7.25 tl-4.4. 1H). .FY, 
(H-3.3 2H). 5.YX \ (H-7). h.22 5 (H-X). 6.45 and o-56. 5,‘)s 6.70 (11H; ,I, <I ‘S2.-107:: (citlc. .ix’.N7.: loi- (‘J<,t-i5J03. 
M. 550”,>). 566 (M-16. ?X”,,). 563 (M-IX. ?.Y”,,). 54X (M-l&IX. 7,:“,,1. 503 (M-XI). I I-“‘,,I. 4%) (M-92. F?,,). 352 
(ZIG’,,), 221 (X1.4”,,) and I Xl ( I Z-J”,,). Dladtnoxanthm (4) rcarrangcd to dladinochl-c>mc (2-11 upon addilion of dll 
HCI gas in MeZC‘O: i,,,,_ (acetone) 4OY. 330 and 45X nm. Diadinoxanthin diacetatz (23) ~+a< obtained on standard 
acetylation of diadinoxanthin (4); i,,,,), (acetone) 426. 447.5 and 47X nm: ~II:O 666 (Mt. 

Pvritlr~i~ (1) from 4 species was purified as above. with a yield YY.6 mg. It had K! = O-57 (SS2X7, l5”<, Me,CO 
in petrol.), was inseparable from authentic peridimn (1 );I(’ “I,,,~~ (KBr) 3430 (OH), 3070. 2955. 292X and 2863 (CH). 
lY29(allenr). 17?i(C=O). 1570. 1457(C‘H,). l.%S5(Mc). 12-IX. 1181. 1163. 1116. 1030 I(’ 01. YS2 (tr’o~t\ <‘H=C‘H b. 
956. 940. Y IO. 896. X57. S20 ( 33C’--<:t I 1. 760. 7 IX. 655 ,uid 043 cm ‘: <)((‘D(‘I~l O.YX \ itlc-I 31-l). I.08 \ (Me-l. 
3H). 1.20 s (MC-l’..i’. 6H). I-26 .\ (imp.). 1.36 .s (Mc-I. 31H). I.39 .j (hle-5. IH). 1.X2 5 (Me-Y. 3H). 2Q4 .\ (Me in 

04~. iH). 2.2’,> (Me-13’. 3H). 3.95 (H-3’. IH). 5.39 (H-2. 1H). 5.73 s(H-1’. IH). 6.06 .\ (H-S. IH). 0.37 rl (H-4’. 
.I- R 16 H/) and 7.17 (/(H-7’. .I- K I6 Hz): it ‘v 630 (M. 13,Y”,,). 612 (M-IX. 6(~7”,,1. 5X6 (M-44. 0,X”,,). 570 (M-60. 
I,?“,,). 55: (M-78. 30.0”,,). 538 (M-92. 0.7”,,). 221 (17.X”“) and I81 (IOO“,,). Pcrtdmin II. X.%tng) was acctylated 
(6 hr). kicld 7.44 mg (87”“) pc’vitiiuiu uw~ut~ 114): i,,,, (acetone) 466 mn and 1~1 c 672 (:)I I. To perldinin (I. 6 mg) 
dissolved in methanol (3 ml) ~:ts added K,C’0,3 (I5 mg dissolved in (~2 ml HZ()). The product was transferred 
to ether after 18 hr. washed. dried ,tnd purilied by TLC‘ on kieselgcl Ci. ‘The most polar /one sho\+ed I,! (’ 5SS 
(!V). C’o-chrom;ltograph!: u ith pet-idininol (8) on kicselguhr paper gave no scpnration. 

P?,,.,,ho~tr,fr/li,lo/ (10) had R, 0.45 (SSZX7. 15”,, acrlonc on pctrol.1: i,,,,,, (acctonc) 357.5 MI; i,,,,,, (hexanc) 456.5 
and (4x41 nm: ;.,, ,,,, (WcOH) 450 nm: I .,,,,:, (C,,H,.j 46X 5 nm: JJ~ v 570.-2351 icalc. 570,:.315) lor (‘,-H,,_O+ M. 
1 I.O”,,). 17X (M-92. 7.Y”,,) and I Xl (IOO”,,). 

Pe~.itlir~ino/ (8) had R, 0.43 (%2X7. 30”,, acctonc in petrol.): Ii, 0.54 (SSZXX. h”,, methanol in C,,H,,); i,,,, (ace- 
tone) 466 nm: I,,,,, Imcthanol I 464 nm ; i,,,,,, (benzene) 367.5 and 493.5 nm: ~1 cj 5XH.346U (talc. 588.3451 for 
C’,-H,,O,. M. O-2”,,). 570 (M-IS. 32 3”,,). 551 (M-18-18. IO-I”,). 543 (M-43, ZY”,,). 576 (Ml-62. +I”,,). 50X (M-N), 
3.5”,>). 496 (M-92. 7.4’,). 478 (M-l 10. 4.4”,,) and 181 (l(N)“,,). Pertdininol (8) gave pcridinill acetate (14) on acettla- 
tion. ; _,,,,, ~ (acetone) 466 nm: ilt;v 672 (M). 654 (M-IX). 628 (M-44). 612 (M-60). (310 (bi-62). 593 (X1-7X) and 3X0 
(M-92). 

P-457 (1 1) had K, 062 (SS287. IS:,, McOH in C’,,H,): K, OU) (SS2XX. IOU,, acctoncj and K, O-29 (SS288. loo”,, 
McOH). exhibited i,,,, (Mc2C‘O) 457 mn: i.,,,,, (MeOH) 454.5 nm i,,,,,, (ben/cne) 462 nm: i,,,,,, (C‘HCI,) 464 and 
4XX nm. P-457 (11) was insoluble in ether and hexane, slightly soluhlc in C,,H, and (‘HCI,. rrlati\clj, soluble 
in acetone and rcadil) soluble in methanol and pyridine. IR and MS of P-457 (1 I I could not he ohtalned. To 
P-457 (7. O-19 tng) in methanol (4 ml) was added fresh C‘H,N, in ether? The soln \\a> stirred at troom temp. 
ibr 3 hr and worked up. Sield OG9 ms (47”,,) of a product slightly 10s polar than P-457 (1 I). The pl-oduct had 
i,,,, (acetone) 400. 421.5 and 448 nm. The MS co~tld not he obtained. Addition of 0025 N HC‘l (4 drops) tn meth- 
anol to P-457 (1 I) in M&H was folIoned h> a change in the visihlc spectrum to j.,,,,, (M&H) 30.3. 3 13, 397.5. 
41X.5 and 444.5 nm. P-457 (II) m acetone. treated in the same way. did not undergo a spectral change. Similar11 
no spectral change was ohscrled upon treatment of a methanolic rc~lut~)n of P-457 (I 1 I \\ith KOH in mcthanal. 

P-457-(1~. l(25)tttttl P-457-~.. -1(27). 1’-457 (11. 0.X’) mg) \V~S acetylated (1 ht.). ytt:ld (1.4X mg (.il”,,) mixed product, 
Purification by TLC‘ on kieselgel G gave 5 red products. t\vo of w htzh were further In\cstiq(ed. I’-17-nc. 1 (25. 
033 mg. 69”,,. least polar-) gave two Tones hq PC‘: K, 0.59 (-?“,,) and R, 0.37 (is”,>. SSZSX. 50”,, acetone in pet- 
rol.). P-457.ac. 1 (25) had i,,,,, (acctonc) 457 nm: j:,,,,,, (C‘,,H,,) 462 and 4X6 nm. “,, III II = 0: I)) <’ (270’ I Y31.4424 
(0,6”,,1. X89(931-3’. 04(‘,,). X47(931-X4. O-l”,,). 829 (931.91, O.I”,,): 73523.;4 (Yil-1X6’?. l..i”,,). 692 (735--Q. 1.4”,,). 
661 10.7”c,). 651 (735-X4. 0.7”,,). 64336Y3 (735.91, 1.7”,,). hI9312.3. hlY.lXh? (735-l Ih’.‘. +1”,,1. 601 (931-330. O+F,,). 
577.51 X4. 577.1761 (619-47. ?4”,,). 5:5 (619-84. O.O”,,). 527.?‘1 I (61%97. 1.7” ,). 45; (I.S”,,I. 437 Ii01 (?9”,,). 405 
(7_~5-~iO. 447-47. ?2”,,). 363 (6 I%.:il). i-17-h-$. 2.7”,,). 355 (147.92. IX. I’ ,,). .I.: I ( ! IlO’ ) 39 (J.:.:“,,j. 729 (JX-J”,,). 

j2 111 HOI I<. TH. J. and Bh\c.sr.~<. H J. ( 1954) K~u,~,;/ 73, 1129. 
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211 (7,2X), 169 (88.0%). 159 (81.0’4) and 109 (88%) P-457-ac. 4 (25, 0.08 mg. 17’;;) gave 2 zones by PC; R, = 0.61 
(25%) and RI = 0.49 (75%. SS287. 100% acetone). P-457-ac. 4 (25) had A,,,,, (acetone) 457 nm and I?I/P values as 
P-457-ac. 1 (27), but no peaks above m/r 735 were observed. P-457-ac. 1 (25) was silylated for 1 hr at temp. in- 
creasing from -35” to +2O”C. PC showed no reaction intermediates. The product, R,. 0.78 and 0.62 (2 zones 
on SS287, 20% acetone in petrol.) had after purification A,,,,, (acetone) 457 nm; m/e 1020 (?) and 331. P-457-ac. 
4 (27) was reduced (LiAlH,, 30 min) at 0” and gave recovered P-457-ac. 4 (27. traces. tentatively from colour 
and Rf), P-457-ac. 4-red. 1 (28); R, 0.4 (on TLC, kieselgel G, SO”/, acetone in petrol.); I,,, (acetone) 339, 398, 
420and 445 nm and P-457-ac.-4-red. 2 (29); R, 0.0 (on TLC); i,,,, (methanol) 398,416 and 4405 nm. MS of P-457- 
ac. 4-red. 1 (28) and red. 2 (29) could not be obtained. 

Unidentijied xanthophylls. AMC-445.5 (30,0.18 mg), isolated after saponification of zone 3 of Amphidinium car- 
terae (Provasoli strain) had R, 0.87 (15’;/, acetone in petrrol.); ,I,,,, (acetone) 422,445,5 and 478 nm; m/r 582 (M), 
502 (M-80) and 490 (M-92). 

GLS-442 (31, 0.09 mg). isolated from GIenodinium sp. after saponification of zone 3. exhibited A,,,,, (acetone) 
422,446 and 475 nm; &,,,, (hexane) 418,442 and 470 nm; m/r 582 (M) and 564 (M-18). 

GYD-479.5 (32, 0.03 mg) obtained from Gyrodinium dorsum (zone 2). showed i,,, (acetone) 483 nm and i,,, 
(hexane) 456,479,5 and 511 nm. 

GYD-439.5 (33, 0.13 mg) isolated after saponification of zone 3 of Gyodiniwn dorsum had I,,,, (acetone) 421. 
443.5 and 473.5 nm; i.,,, (hexane) 416, 439.5 and 468.5 nm; m/e 580.3919 (talc. 580.3917 for C,,H,,O,, M) and 
488 (M-92). 
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