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hunthin: 2.3-di&hydro-fntrhiclhuutthi~ pigment mututts. 

Abatnct-.Among the sixteen investigated algal strains (Chlorocoaalcs) ten of them synthesize ketocarotcnoids and 
sporopolknins which arc loattcd in the trilaminar structure of the cell wail. la contrast to the colourkss all walls of 
algae which are unable to form the above substancq thecell walls of strains synthesizing them are pinkish colourai due 
to thccarotcnoids which arc mainly kctocarotcnoids. Constant cell wall pigmentsan (3SJ’~astaxanthin, its oxidation 
products scmiastacenc and astaane, canthaxanthin, ochinenone (only in cell walls obtained from homogenates). 
(3S,3’R~fritschicllaxanthin 2Mi&hydro-(6’R,3’R~fritschiellaxaathih (3RJ’Rd’R)-lutcin and two unidentified caro- 
tcnoids. All these cell wall-carotenoids arc present in the free, ut~~terifkd form. This is the first discovery of the 
occurrct~~ of fritschiellaxanthio and 2,3didchydro-fritschicllaxanthin in the free form in plants. It is postulated that 
cc11 wall carotenoids of the described algae may be involved in sporopollenin formation. 

IhTIIODUCTlON 

Natural algal strains belonging to the Chlorococcaks 
(Chlorophyceac) show considerable differences in metab- 
olism of carotenoids. The differences arc attributed to 
unfavourablc conditions of growth, especially defkicncy 
of nitrogen and:‘or iron [ 1 51. Such conditions occur in 
aging cultures of algae, in the stationary phase of growth. 
Two main algal types showing pigment changes can be 
distinguished. The alis of the first typ are green, both in 
the log-phase as well as in the stationary phase. of growth. 
Only a short time before their daay the oells become 
successively pale and finally white. These strains are 
devoid of ketocarotenoids and are designated as ’ - ’ in the 
KC entry of Tabk I. Cells of the other type change their 
colour from green during the log-phase of growth to 
yellow-green, orange or red in the stationary phase of 
growth. This change in colour is caused by accumulation 
of secondary carotenoids. mainly kctocarotenoids. Strains 
of this type are denoted as ’ + ’ in the KC entry of Table I. 

The increase in the KC kvel in cells of these algal strains 
is accompanied by the disappearance of chlorophyll and a 
decrease in primary carotcnoids which are typical for 
chloroplasts i.e. a- and &carotene, lutcin. lutein epoxidc, 
violaxanthin, ncoxanthin [3,43 and in some strains 
loroxanthin 163. 

Chemically. secondary carotenoids are derivatives of 
C,,carotcnoids. I.C. xanthophylls having hydroxyl 
groups and/or carbonyl groups in one or in both rings 
The oazurrence of the main representatives of this group. 
cchincnonc, canthaxanthin and astaxanthin, as well as of 
other related minor carotcnoids, has been reported in 
various algae [I, 3-S,% IO]. The ability to form second- 
ary olrotenoids IS genus-specific in Ankisrmdesmus. 

?iaemutococcus and Scenedesms but species-spcsific in 
the genus Ch~o~ei~a. 

A characteristic feature of algae which produce KC is 
that they also form pink-colourcd maternal cell walls 
(CWM) and eventually shed them into the culture 
medium. Such an example is Scenedesmus obliquus, strain 
633, in which it has been confirmed that the pink colour 
comes from the presence of carotenoids, mainly KC f 111. 
Carotcnoids have been reported also in compktealgal cell 
walls isolated from homogenates of whole cells [ 11. 143. 
Cell wall carotenoids are located mainly or exclusively in 
the trilaminar structure, i.e. the outer layer of the cell wall 
of Chlorello juscu and Scmedesms o&pus [ 1 I, 14- 163. 
This trilaminar structure is also the sporopollenin- 
containing cell wall structure [ 161. Sporopolknins (SP) 
arcassumed to be products of oxidative polymerization of 
carotcnoidsandlor theirtsters[17].Theco_occunenccof 
both kinds of substance in cell walls encourages a study 
of the biogenetic interrelationship between KC and SP. 

The close relationship between three features of the cell 
walls, i.e. the oazurret~~ of trilaminar structure, KC and 
SP, has been called by Atkinson ez ai. [I63 ‘three-way- 
correlation’ and it is suggestad that SP can be formed in 
ciw, in a manner similar to that muring in uirro [I 7.183 
from carotenoids and/or their esters by oxidative polym- 
erization. The trilaminar structure was assumed to serve 
as a matrix for SP-polymcrtzation and deposition [ 191. 

The presence of KC together with SP in cell walls of 
all investigated algae belonging to the Chlorococcalcs 
suggests that KC can be precursors of SP, or mctabolita 
formed paralkl with it. For this reason it scemcd 
worthwhile to chock the ‘three-way-correlation hypoth- 
esis by studying the occurrence of all wall carotcnoids of 
several natural strains as well those of pigment mutants 
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wrth altered or blocked metabolism of KC and SP. 
Cell wall carotcnoids have been isolated and estimated 

in the strains listed in Table I. Special attention has been 
given to elucidation of the absolute configuration of all 
wall carotenoids. 

RESLXTS AND DISCUSSION 

Sixteen algal strains were tested (Table I). Among them 
were three Chlotello mutants whtch are derivatives of Chl. 
/uscu, C.1.1.10. defective in synthesis of KC. These 
mutants were induced from the wild strain which wasabk 
to form all three markers (trilammar structure, KC and 
SP). It was shown that they were not forming SP and KC. 
They are the first described SPdeticient mutants [20]. 
The orangecoloured mutant M8 of Chl. /uscq 21 I-gb 
studted so far has been shown to be identical with Its 
parent type with regard to KC, SP and trilaminar 
structure [3. IS. 16. 20,211. All tested strains confirm the 
hypothesis of the existence of a biogenetic connection 
between KC and SP m these algae (Table 1). It was shown 
that all aforementioned algal strains forming these three 
markers released CWM into the culture medium as a 
result of all divtston (autospore liberation). They were 
pinkish-red coloured due to the presence of carotenoids 
(mainly KC). These strains have been described as ’ + ’ in 
Table I. In some cases, e.g. Ankisrrdesmw brounii 202-7~ 
or some Chlorello strains, a lower intensity of CWM- 
colouration was observed. The colour of such CWM 
preparations should be obxrved in a layer of adequate 
thickness obtamed by antrifugation. It should be empha- 
sized that CWM of all strains forming SP are pinkish in 
colour. This is in contrast to the colourless CWM of 
strains unable to form KC and SP designed as KC * -’ in 
Table 1. CWM of strains unable to form SP were obtained 
in much smalkr quantities than previously described 
pigmented CWM. This seems to be caused by their 
disappearance (autolysis) from culture medium. 

CWH of SP-forming algae are characterized by a 
similar but less intense (more beige) colour caused by 
traces ofchlorophylls. Aqueous suspensionsof both kinds 
of all walls show a broad band of absorption at 
45&500 nm. Petrol extracts show more distinct absorp 
tion maxima at 44749 nm and 468470 nm, simtlar to 
those presented previously [I I]. Extracts from clean 

CWM did not show any measurable maximum in the red 
range of the spectrum, whereas extracts from CWH 
showed small maxima which resulted from traces of 
chlorophylls. 

From the CW-extracts individual carotenoids were 
obtained by TLC and in some cases additionally by 
HPLC (Table 2). The use of HPLC allowed the TLC 
-rations to be optimized. The employment of TLC 
plates partially impregnated with citric acid resulted in 
clear separations. The majority of CWcarotenoids were 
identified previously [I I, 151. The following carotenoids 
have been discovered as integral CWMcomponents of 
the genus Chlorcllo and ScenPdesmw: astaxanthin, cantha- 
xanthin, lutein and two KC identified as 23didehydro 
fritschiellaxanthin (3)and fritrhiellaxanthin (2). In CWH 
of Scenedesmus as well as in some Chlorello strains, small 
quantities of echinenone were found in addition. 

Structural elucidations of the carotenoids present in the 
CWM were carried out on pg quantities by absorption, 
‘H NMR, CD and mass spectrometry studies, as well as 
using the HPLC data. 

Carotenoids 2 and 3 had R and R, values distinct from 
all authentic carotenoids. & ‘rounded’ doubk peak 
absorption spectrum of these substances showed the 
presence of a carbonyl group. The typical thra-peak fine 
structure was restored after reduction with sodium boro- 
hydride which caused a hypsochromic shift (Fig. I). 
Carotenoid 3 showed on HPLC a higher polarity then /3- 
doradecin. The mass specturm with m!z 580 was con- 
sistent with C,,H,,O,. The ‘H NMR (0,) spectrum 
allowed the identitication of the (3’,6’)-rronr. i.e. (3’R,6’Rb 
configuratton. The similarity of the CD spectra of pigment 
3 and lutein 1 support the (3’R#R)-chirality. The data 
presented confirmed the structure of LMidehydro- 
(6’R,3’R~fritschtellaxanthin (3). This is the first discovery 
of this pigment in algae or plants. It was previously 
reported in an animal Sesurma huemcrocheir (crab) and 
probably originated from algae. It has also been obtained 
semisynthetically by oxidation of fritschklLaxanthin ester 
found in Frifsc/tie/lo ruberos4a 1223. The mass spectrum of 
carotenoid 2 with mjz 582 was consistent with C,,H,zO, 
as rquired for adonixanthin. However, this pigment (2) 
did not show an identical R, value to /?-adonixanthin. Its 
higher polarity, suggested the presence of z-adonixanthin. 
The CD spectrum (Fig. 2)confirmed the presence of the S- 

Tabk 2. Native (DOI hydrolysat) CWMarotmotds of Scenedeaw obfiquus, strain 633 (3@ 
day-old culture. medium IV. illumination 2000 lux) 

Peak No. 
from start Pigmen 

Absorption maxima measured in (nm): 

Etllumt of HPLCt* Solvent 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

Astaane 472 473 486 (CH,Cl,) 
Canthaxanthin 467 
SemiastmmK 474 
23-Didehydrofritschrcllaxanthin 454 (I). 470 
Astuanthin 473 
Unidtatifred carotmoid 373. 443. 460 
tinidentified carotmd 469 
Fritschiclkxanthin 452. 469 452.470 (EtOH) 
Lutein 420.443.473 

l !jolvmt system: n-hexant 10% CH,Cl,~O.75% i*mH 
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Fig. I. Absorption spaztrum oT: - - - fritschicltuanthin (2k 
raiucul 2 with NaBH,; -‘-. 23di&hydro-fntrhiella- 

unthin (31 all spectra In cont. EIOH. 

1 

I 

200 3ou *oo 

nm 

Fig. 2. CD spectrum of fritdkttaxaathin, from @MM- 
Iczude~~~.~ oblkps, strain 633. - II + W; -. -. - at 

- l2oO”; -- a1 - 180”. 

type configuration at C-3 by analogy to astaxanthin with 
this configuration [23]. Tbc CD spectrum of this KC 
recorded at - 120” and - 180” showed a ckar conversion 
point of the values with imcasing cooling, similar to thaw 
observed for astaxanthin (Fig 2). The ‘H NMR spectrum 
of 2 was similar IO those of astaxanthin and lactuca- 
xanthin. Pigment 2 showed chemical shifts typical for an 
end group of the 3.6’~ (0.85 ppm) type and for as- 
taxanthin [24]. Differentiation bctwan the (3’R6’R) and 
(3’S,6’S) conligurations was made on the basis of tbc CD 
spectrum of this pigment after reduction with sodium 
borohydrtdc to yield the trihydroxy derivative of pigment 
2. This spectrum was very similar IO that of (3R.3’R.6’Rh 
rrons-lutetn but different from the CD spectrum of 3’- 
cptlutem, the 3’,6’-ci.+cpimer with (3R,3’S,6’S)-chirality. 
The ’ H NMR spectrum of pigment 2 excluded the 
configuration of 3’-cpilutcm and confirmed the contigur- 
ation ofall-rrons-fritschicllaxanthin (2). The CD spectrum 
(Fig. 2) indicates that a part of compound 2 may have the 
&configuration in the polycne chant (peak at 350 nm). 
This is the first report of the presenceof free (uncsterificd) 
fritschicllaxanthin in the ccl1 wall of an alga. 

HPLC showed the prcscncc of astacenc and scmi- 
astaceneas well that ofall-rrons-lutein in CW of the algae. 
II also showed the presence of a yellow dihydroxy 
carotcnoid characterized by the same R, value as thar of 
lutein. This gtvcs unequivocal evidence for the presence of 
lbc (3’,6)-cttirality, i.e. all-nons-lutein. in contrast to 3’- 
lutcin, whtch was not found in cell walls. Additionally. 
small quantities of unidentified carotenoids were found in 
CWM extract of Scenerfesmw obliques (peaks 6 and 7, 
Table 2). The quantltics of these compounds only allowed 
a recording of the absorption spectrum. The ‘rounded’ 
maxima of both these minor carotenoids stem to indate 
KC. The small peak at 373 nm of pigment 6 indrcates that 

I 

Fig. 3. Chirah~y of lutein (IL frilachidlaxanthin (2) and 
2.3ddchydro-fritschicikaruhin (3) 
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a part of this pigment is present as a cb-isomer in the 
polycnc chain. Sporadic increases in the level of care- 
tenoid 6 to values similar to those of fritrhicllaxanthin 
were observed in CWM of Scenedesmut obliques. 633. 
However, factors producing this increase were not 
eluculatcd. 

Traces of other carotcnoids, such as @arotcne, viola- 
xanthin and ncoxanthin were not observed in clean 
CWM. They were found only in CWH. These minor 
pigments, as well as chlorophylls, were due to contami- 
nation derived from extra cell wall components, which 
were adsorbed on the cell wall surface. Their disappcar- 
ante from CWH preparations after successive cleaning, 
and their concentration changes independent of KC, 
support the conclusion that these minor pigments are 
merely contaminants. In contrast, KC (especially of 
CWM)arc integral all wall components. The high level of 
KC in all walls and their low level in homogenates of the 
algae, exclude the possibility of an artifact or contami- 
nation from other all components [ 141. 

A great similarity in the carotenoid patterns of CWH 
and CWM of Scenedesmus obliguus is obvious [ 141. KC 
amount to I.1 7’ of the total all carotenoids. Among all 
wall-pigments KC clearly prevail: 85 % for CWH and 
94.1 “/;, in CWM. 

It is a characteristic feature of algal CWcarotenoids 
that they all exist in freeform [ IS]. Thiscontrastswith the 
accumulation of cstcrifial carotcnoids in other all struc- 
tures of algal cells during ageing. 

Experiments with Triton X-100 (I % aqueous solution) 
showed the possibility of removing a considerable part of 
the pigments originating from the homogenate and 
adsorbed on the CWH surface, i.e. &carotene. viola- 
xanthin, ncoxanthin and chlorophylls A considcrabk 
decrease in lutein content in comparison with that of KC 
was observed (Tabk 3). Carotcnoids typical for CW occur 
probably as complexes formed with other CW- 
components. Their stability causes failure when attempls 
have ban made to isolate carotcnoids as soluble and 
native complexes by using various solutions of salts. 
solubilization mixtures [ZS], detergents and 8 M urea. 
Actually there are no reported successful reagents and 
procedures for the solubilization of the trilaminar struc- 

ture of the all wall with the carotcnoid- and SP- 
containing complexes. 

The average content of total carotcnoids in algal CW 
shows a considerabk variation. within the range of 
40460 &gof dry wt. The content IS in all cases higher for 
CWM than for CWH. 

The carotcnoid patterns of the CW obtained from IO 
algal strains show considerable similarities (Table I). In all 
cases canthaxanthin, astacene and 2,3&khydro- 
fritschkllaxanthin were found in hydrolysatcs of CW- 
carotenoid extracts. The two last mentioned carotenoids 
arose as oxidation products of astaxanthin. scmiastaanc 
and fritschicllaxanthin. respectively. Other minor KC of 
the CWM were not taken into account in routineanalyses 
made by TLC. Echinenonc was found only in some strains 
(Ankisrrdesmus. Scenedesmus and some Chlorella) and 
then only in small quantities. Therefore it is impossible to 
exclude their presence in other strains but in quantities too 
small to be detected by the analytical methods employed. 
Similarly, canthaxanthin was not confirmed in CW of 
Ankistrodesnus braunii 202-7~. known as a strain capable 
of forming this carotcnoid [3]. This may have resulted 
from too small a quantity of canthaxanthin being present 
or to its rapid disappearance. 

Carotcnoids exist in algal CW mainly as all-ftans 
isomers. The presence of various isomers of CW- 
astaxanthin were shown in the HPLC studies. The 
following isomers were separated as ( - ~icamphanatcs 
from CWH-extracts of Chlorella mutant 308: (3&3’S)- 
[rant-astaxanthin (main component), (3S,3’.S)-cis- 
astaxanthin (small quantities) and (3S.3’Rtmcso-rruns- 
astaxanthin (traces). II is difficult to say with absolute 
artainty whether this latter minor component is an 
artifact of the work-up procedure [26]. 

The discovery of several chemically very closely related 
carotcnoids in the CW of many different algal strains (all 
forming SP) may suggest that these pigments represent 
stages of a distinct metabolic chain. The significance of 
this presumed pathway would be in the transformation of 
the e-ring of lutcin into derivatives of &carotene similar IO 
the biosynthetic pathway postulated in animals 
[22,27,28]. However, the involvement of CW-KC in the 
biogenesis of SP seems to be very probable in algae 

Tabk 3. lnflucna of Triton X-100 on the CWarotcnoid pttcm of Scmedamw obhquw. strain 633 (3Oday&l 
cultures medium IV, illumination 2000 lux) 

CWM CWH (control) CWH + Tnton X-100 

Figments roie dry fvt % lrs’g drywt “/. j&g drywt “; 

&Gl~01CM lr202 tract - 

Echincnonc trace tr= tryx 
Gnthaxanthin 35.16 20.66 20.51 1K 15.27 26.7 I 
Artuanthin + astaaxx 39.82 23.38 16.76 19.22 l2.W 22.67 
2,3_Di&hydrofntscMlaunthin 43.32 25.44 22.82 26.17 16.12 2R 20 
Lutein 22.45 13.18 Il.56 rn.14 6.65 Il.63 

Violrxanthin - 2.15 - 

Ncoxaothin - I.71 

Total cnrotcnoid (ryg CW dry wt) I74 I2 87.18 57.16 

Chlorophyll 0 28.46 - 
Chlorophyll b (pug CW dry WI) - 10.97 .- 
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belonging to the Chlorococcaks, but the presented results 
do not give final arguments confirming this fact. Thcsc 
results also do not explain the scqucncc of the KC 
pathway as well as the previous hypothesis [2] that 
cchincnonc can bc the immediate precursor of SP in algae 
[17. 181. Currently. nothing is known about the site of 
formation of KC, their transpon into the CW, or about 
plasmalcmma or CW-bound enzyme activities which 
would bc able IO transform carotcnoids and polymerize 
them. 

The fact that SP can bc formed in vitro from vitamin A 
palmitatc [ 171 means that not only carotcnoids but also 
smalkr molcculcs of a tcrpcnoid nature can bc polym- 
erized to SP. II seems very probable that similar subst- 
antes may serve as SP precursors also in aivo. Although in 
all reported green algae bclongmg to the Chlorocaraks 
the formation of SP seems to bc closely related with the 
prcscncc of KC in CW. this co-oczurrencccannot serve as 
a final argument for the existence of a biogenetic relation- 
ship between both groups of substances. For thcsc rca.sons 
specific SP-precursors and appropriate polymerascs may 
exist in other systematic groups of algae and other plant 
taxa. 

EXPERIMChTAL. 

Bio&gicd mamid. Axcnic slrains, listed in Tabk I. me u.4. 
Origin d alrainsz Cz-Prof. F.-C. Czygan, Univaslly of 
W&burg G- Collaron of Rings- Univmtly of 
Gdttingen; IZ-lnstllute of Zootechnics (Cracovk L- 
Uruvcrslry of Leningrad. AU scrams were grown mixotroptually 
under sterile conditions in I:rlcnrnayer Basks dosal with cotton 
wool plug.% 

Most of the nrains were cultivated on medium I of Kessler cl 
ol. [30] mricbed with 5 B of glucose/l. Medium II of Kessler et aI. 
[ 30) was usal for tcsling lhc prcscna of sacdarycafotmoids in 
algal cdls. Maiium III was as medium I [30] bul plus 0.2 % 
glucose and 0.2 % asamino scids (‘Difco’). Scencdesmus 
oblquw. strain 633 was cul~iva~al on medium I. as wdl as on 
medium IV [ 15,311. Growth cooditioos were the same as 
de&bad previously (I I]. Generally, 3Oday-old cultures were 
used for isolation of maternal all walls (CWM) as well as for 
compkte cell walls from homogenates (CWH) of mechanicaIly 
disrupted cells. The isohtion and purification procedures WYCTC 
the same as previously ducnbed [ 141. 

Melti. For analytical studia 0.4-1.0 p dry wt of CWH and 
0.061M.23 g dry WI of CWM were usal. The cdI w&s were 
harvested by centrlfugatlon at 45oog and quaotitativdy 
crrrecled with l&IS ml ahquota of Mc~CO pracookd IO 

0”. Pigments were transferred IO petrol dried with Na,SO. and 
coned u&r Nz. TLC was carried OUI on [I] ubca gel G, solvmt 
systan: petrol (9ykiDPrOH-CHCl, (9: l:I) [3]. TLC plates 
[2] unpregnated IO IOcm by lmmersloa in a 2.5 % methaoobc 
soln of citric acid were used to eliminate ‘tail’-foralinp zones [ 33. 
Carotmoids were eluted from TLC by EtOH. cooed and used m 
parl in lbe Mlive form, especially for structure elucidstion. In 
most cases for the quantrtauve comparison of carotmoid 
p011cm.s of various scrams the extracts were hydrolyscd with an 
equal vol. of a IO % methanolic soln of KOH. under Na. for 2 hr 
al room temp. Quantitalin pigment anaIysa were the same as 
previously dacribcd [ 1 I. 14. IS]. 

The HPLC wascarrkdou~ u.singanAltcx IOO(Perkia-Elmer) 
with a UV-VIS detector LCD726 (Koa~ron) [I]. stationary 
phase Nuckos~l loo-5 H,PO. (250 x 4 mmk system 1: n-hew 
IO% CHzC‘Iz. 0.75 >e of rro-ROH. 
T?x sepamlioa of lulan and )‘cpilulan was carried out 

[2] on the stationary phase Spherisorb S 5-W-SiIia using 
syslan 2: n-bcuotCHIQI-i~ROH.-Nnhyld~opyl- 
amine (91.9:6.5:2.5:0.1). 

Lcrfcin (11 From CWM of Sccnrdw obliquw 633. CD 
spoztrum in E.PA. M, 569.0 (MS). 

Frifsc&lhunrhin (2). From CWM of Scenedcsmw OMiquw 
633. The pigmmc had iz” nm: 452.469 (Fig. Ik MS m/z (rd. 
int.): 582 [Ml’ (3) [C.OH,aO,J. 564 [M - H1O]’ (22). 546 
[M-2H10]’ (3b472[M-110]‘(4),458[M-I24]‘(6).442 
[M- llO]‘.(3k410[M- 1721’ (7),233[C,,H1,01]’ (5),219 
[C,.H,,Oz]’ (4); this latter corresponds IO fragment Z 
described by Enzell et al. [32]. ‘H NMR (CDCI,. 400 MHz): 
60.81 (I, H,-1’. ax) 1.01 (3, H,-I’. eq). I 21 I (s. H,-I. eq), 1.322 (s. 
H,-I. ax). I.364 (m, H-2. ax). 1.626 (J. H,-5’). I.810 (m. H-2, ax). 
I.84 (m. H-La I.54(m, H-2.eq~ I.913 (s. H,-9). I.946 (s. H,-5A 
l.974(s,H,)~ndl.98l(s.H~fromC-l3orC-l3’),1.~7(s.H,-9), 
2.405 (d. H-6’). 3.677 (d, H-3, OH), 5.549 (m. H-4’). 4.320 (m, H-3, 
ax). 5.440 (m, H-71 5.547 (s. H4’), 6.137 (4 H-l(r), 6.139 (d. H-82 
6.206 (d, H-7), 6.257 (d, H-IO), 6.X)5 (d, H-I4A 6.358 (d. H-12’). 
6.432 (d, H-8). 6.444 (d. H-12). 6.628 (m, H-l 1 + H- 11’). 6.635 (m. 
H-IS+ H-15’). 

Reduction of 2 with NaBH. in concd. ErOH for 3Omm 
restored the lypkal carotmoid thra-peal fine structure 
IE”nm: 421. 443. 471 (FQ. lk E!& I 2500; CD spactrum 
(Fig. 2). 

LEfXdchydro-/trrschullauvuhur (3). The obrorpt~on spectrum 
shows izH run: 454,470 (Fig. 2). MS mjr (rel. ml.): 580 (M] l 

(I). [CcoH,zO,]. 562 [M-HaO]’ (8), 470 [M-H10 
- l0lWnc or B-d B~OUPI’ (I), 410 [M- 170 
(dlmethylnaphtakoc)]’ (8A 267 [M - 3131., (I 1). 203 
[C,,H,,01]‘.(70).91 [C,H,]’ (lOOk~hehttcr~rrcsponds~o 
tropybc ion ‘H NMR (CDCl,, 400 MHz): 60.851 (s. H,-I’, ax), 
0.825(1.H,-1’,cq),0.892(s.H,-I.cg).0.912(s.H,-l.ax),0.921 (s. 
H,-5’).0.939(s.H,-5A I.001 (s.H,-l3’or l3), 1.254&H,-9). I.298 
(s. H,-‘Q 1.626 (s. H-18’). 1.845 (q. H-2’). 1.913 and 2.029 (d, H-19 
and H-IQ), 1.975 and 1.987 (d. H-2Oaod H-2O’A 2.096 (s, H-18), 
2.40 (d. H-6’). 5.45 (q. H-7’15.55 (a, H-4’), 6.04 (s. H-2A 6.09 (s. H- 
I). 6.12 and 6.12 (d. H-IO’). 6.24 and 6.27 (H-8’), 6.31 and 6.37 (d. 

H-7), 6.27 6.39 (m. H-14) and (H-14’). 6.34 and 6.39 (d. H-12’). 
6.399 (s. OH). 6.49 and 6.55 (d. H-8’), 6.6 6.7 (m. H-l I) ood (H- 
I I’), 6.6 6.7 (m. H- 15) and (H- 15’). CD spectra were racordai on 
modified Dichrograph 185 (Jobm-Yvoo). All CD spoztm (As) 
were racordal III LP.A. (El10 isopenlantEtOH. 5:5:2). 
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