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Abstract. Carotenoids can be effective singlet oxygenand 2. The direct study of the effect of oxygen partial pres-
guenchers and inhibit free-radical induced lipid peroxida-sure upon their rates of oxidation. It is shown that some car-
tion. A remarkable property gFcarotene1a) is the change otenoids 7a, 8a) are even more effective than the well-known
from an antioxidant to a prooxidant depending on oxygercompoundg-carotenela) and astaxanthirbf) and are pow-
pressure and concentration. In the present study a considemrful antioxidants without any prooxidative property. Dif-
ble number of carotenoidid, 2¢, 2d, 2e 3a, 4a, 53, 63, 73, ferent carotenoids display different behaviour depending on
8a, 8h, 8i, 8j, 9f, 10a 113 12g) was investigated using two chain length and end groups. The influence of these func-
independent approaches: 1. Comparison of their effects aional groups on the antioxidative reactivity is discussed.
inhibition of the free-radical oxidation of methyl linoleate,

Carotenoids are widely distributed in nature where they (Endgow - cran— }—{Emgow )
play an important role in cell protection [1]. Oxygen Endgroups
species includingO,, 30, and Q- ~ are capable to dam-

2
age lipid membranes as well as DNA, and become the é( %{( /\(fwj\/\/\(M/)\/

cause of mutation of cell material. Carotenoids can play ,
the role of versatile antioxidants because they are effec-

tive biological quenchers as well as radical chain break- ﬁﬁ:é{ /\/g,\/g,\,\‘,\,\(\/
ing agents [2]. Many studies includimgvitro, in vivo Ho ©

and epidemiological tests were carried out to investi-

gate these properties of carotenoids [3-88Larotene ﬁé( p’ /\)\/\M\/ﬁ/\/
(1a), as the best known carotenoid compound, shows"”

the remarkable effect of changing its antioxidant to a %
prooxidant behaviour at high concentrationg-afaro- p’ Jfé_

tene and in the presence of high oxygen partial pres< o W\/\/\NW

sures [2]. Since epidemiological studies can show con-

tradictory and confounding results [3—5], a more thor-ﬁii &( WJ\N

ough mspectlon of the anti- and prooxidant functionso

of carotenoids is needed. Carotenoids with antioxida- Mw

tive properties better thghcarotenela), like astaxan- Yy~ )S( h

thin (5a), have attracted special interest [6a,c]. N /\)\/\/ﬁ/\/\/\)\/\/ﬁ/\/
In this study we present an approach to a better un- '

derstanding of these anti- and prooxidant properties of NWWW

carotenoids and describe carotenoids, both natural and :

synthetic, with sole antioxidant efficiency approachingscheme 1 Structures of all investigated carotenoid com-
that of a-tocopherol. poundsl—12

Chains
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Synthesis, characterization, and properties of the caAnalysis
rotenoids are described in several published articles [7— o
9], all other compounds will be introduced in this pub-Reference measurements showed that the original con-
lication (see ExperimentalB-Carotene 1a), cantha- tent of peroxide (0.1-0.5%) does not affect the resullts.
xanthin @a), zeaxanthin 3a), astaxanthinga), lyco-  Data points obtained were Ilnearly_lnterpolated for
pene Ra), tetrahydrolycopene&(), 13-cis-PhytoeneZe 30 minutes intervals. Other interpolation methods lead
and allirans-Phytoene Zd) were provided by BASF 1O similar results. Each graph represents the average of
AG. Rhodoxanthingf) was generously supplied by Dr. €ight 6 hour measurements.
A. Rittimann, Hoffmann La Roche, methyl linoleate
(99%) was obtained from Aldrich, cumene from Mer- Method 2
ck, dl-a-tocopherol (98%) X4) from Fluka and 2,2'- _
azobis(2,4-dimethylvaleronitril) (AMVN) from Wako.  This method (related to the methodRiirton and

All chemicals were stored at—20 °C. Pure solvengs)(  Ingold [2]) was carried out using a pressure transducer
were used as received. (MKS Baratron 223B) to monitor the uptake of oxygen

pressure in a sealed reaction vessel and with it the con-
sumption of oxygen during the radical induced oxida-
Method 1 tion (AMVN, 4.5x102 M) at 30 °C in chlorobenzene.
Experimental Parameters The system was capable of being filled with different
. I . : mixtures of Q and N, containing 20, 200 and 1013
This method (similar to that described in {8&]) made (15 15% and 7%0 Torr) of oxygen partial pressure.
use of radl_cal induced fc_)rmatlon Qf met_hyl IInOIeateThe samples were injected into the reaction vedael
hydroperoxides and monitored the incredseHPLC- eptum
DAD-detection at 235 nm. Carotenoids were monitored P -
at their corresponding, ., wavelengths. The reaction
was carried out in a mixture afthexane, isopropanol 2
and chloroform (volume ratio 6:5:2, 6.5ml sample vol- l
ume) at 37 °C followed by HPLC-analysis (solvent:
n-hexane/isopropanol = 99:1; follow rate 2.0 ml/min, }_l_ }_!‘
—

Gasfliling ( 100 % Oo, air or
% 02/ 98 % N2 )

column: YMC SIL-ASP,150x6 mm, S¢in, 604 [6a])

in 20—30 min intervals (diode array UV-Vis: HP 1 040m | mﬂ
Serie II; pumping and injection system: HP 1 050). i‘ ——I pump

[-Carotenela), astaxanthinga), actinioerythrol 8a) —fj__}—

as well as other carotenoids were used at concentratiops
of 7.7x10*M. The concentration of the initiator AMVN O
\Y

was 7.7x16* M and of methyl linoleate was 7.7x

102 M. Different from ref. [6a] antioxidants (caroten- R /-

oids, dl-a-tocopherol) were dissolved in chloroform itonng dovice

instead of tetrahydrofuran, because of the low solubili- P: Pressure Transducer

ty of the compounds (especially actinioerythrol). Ref- {: resstior veeesr.

erence measurements showed that change of solvent

does not affect the results. Fig. 1 Reaction vessel for studying pressure dependence

Reaction Vessel The following experiments were performed: the rad-

To get reproducible results, the vessel has to meet thieal induced autoxidation dfa and5a and protective
following requirements: Tab. 1 shows that the reactioproperties of carotinoids — compourtss 1b, 2a, 2c,
converts larger amounts of methyl linoleate (ca. 6% af2d, 2¢, 3a, 43, 5a 6aand8a — against the oxidation of
ter 5 hours) into the corresponding peroxides. The antieumene (3.57 M) were investigated at concentrations
oxidants, especially the carotenoids, consume amoun@ 5x10°M, 1x10“ M, 5x10“4 M, 1x10* M and 5x

of oxygen 5 to 6 times higher than their concentrationl0= M.

[7]. To get results which do not depend on the amount

of oxygen, there must be a large excess oxygen availa- _ _

ble in the reaction vessel. A closed system avoids losg€sults and Discussion

of solvent (high vapor pressures of solvents at 37 °C _— .

This loss w(ou?d resﬂlt inperroneously increased amoun%@ﬂemOd 1: Oxidation of Methyl Linoleate

of peroxides. The internal equilibrium pressure after 10-The following plot displays the antioxidant activity of
20 minutes is ca. 1250 mbar. some investigated carotenoids. Quantitative compari-
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Table 1 Peroxide formation of pure methyl linoleate (No. 1) thin turn therefore out to be stronger than suggested [6a].
and in the presence of antioxidants (No. 2 — 19). 50 % Astatt seems that astaxanthin has been underestimated..

xanthin means: the standard concentration 7.7%#ds re- Figure 2 reflects the antioxidative effect @taro-
duced by 50%. tene and astaxanthin on the uninhibited autoxidation of
No. Compound name % Peroxide methyl linoleate. The diketone capsorubi®d) is a
1 Methy! linoleate 611 stronger inhibitor thaiB-carotene although the conju-
2 Tetrahydrolycopen@c 6.10 gatedi?_system ha_ls the same number of double bonds.
3 13<isPhytoenee 4.73 The main reason is that the polyene chain of capsorubin
4 trans-Phytoengd 4.22 is more related to astaxanthin thanearotene be-
5  Acyloin 8h 2.67 cause of its terminating carbonyl groups. Carbonyl sta-
6 Acyloin 8i 2.03 bilization is one of the important factors in stabilizing
7 B-Carotenela 221 radical intermediates of the chain reaction and is im-
8  Diketonel2g 2.04 peding further autoxidation of methyl linoleate. This
9  50% Astaxanthirsa 1.52 idea is supported by the antioxidative strength of dike-
10 CapsorubiiOa 1.04 tone 11a containing the chromophoric system of cap-
E ,IAconm81 . 0.70 sorubin (08 [10]. Surprisingly, the antioxidant effi-
sonorastaxanthifia 0.65 . LT .
13 Rhodoxanthi®f 0.64 ciency of_llals slightly better than that of astaxanthln._
14  Astaxanthirba 0.60 Introduction of larger end groups can reduce antioxi-
15 Diketonella 0.54 dant activity, either because of sterical or electronic rea-
16  70% ActinioerythroBa 0.51 sons. Another interesting and important structural fac-
17  Isonorastaceri&a 0.47 tor is the position and number of methyl groups in the
18  Actinioerythrol8a 0.43 polyene chain, cf. acyloiri ands.
19  a-Tocopherol 0.14 The effects of additional oxo groups and ring con-

traction are remarkable: the results show that astaxan-

son can be achieved by choosing the amount of pero)thin has only 60—-70% of the antioxidant activity of ac-
ide after 5 hours as parameter to describe the activityfinioerythrol @a) and isonorastacengd)!

The results of Fig.2 show that the amount of perox- Comparing isonorastaxanthigj and isonorastacene
ide in the uninhibited autoxidation of methyl linoleate (7d) it can be seen that the high antioxidant activity of
is 6.1%. This is much more than recently described (cdsonorastacen&§) is due to an increase in conjugated
0.8%). B-Carotene and astaxanthin drop the peroxidearbonyl groups resulting in excessive radical stabili-
formation to 2.2%/0.6% (ref. [6a]: ca.0.5%/0.25%). Thezation.

relative antioxidant abilities ¢-carotene and astaxan- A slight increase in conjugation length does not show
any significant influence on the antioxidant ability. The

value for rhodoxanthin9f) is within experimental er-
ror the same as for astaxanthin.

Terahydrolycopene2€) has practically no influence
on the inhibition of the autoxidation of methyl linoleate,
although the chain contains seven conjugated double
bonds. On the other hand the investigated phytoenes
show a stronger antioxidant activity , in spite of the small
Tesystem (three conjugated double bonds).

Methyl linoleate

B-Carotene
Astaxanthin

al
|

IN
1

Method 2: The Effect of Oxygen Partial Pressure

Previous results show [2], that oxygen partial pressure
has an important influence on these reactions. In case
of B-carotene the antioxidative effect was converted into
a prooxidative property for high carotenoid concentra-
tions and high oxygen partial pressures. The following
w w w w w w w study investigates several carotenoids using the radical
0 50 100 150 200 250 300 induced oxidation of cumene as model system.

t(min) Figure 3 shows four selected graphs. Curve A reflects
Fig. 2 Comparison of methyl linolea B-carotenem and the Oxidation without any carotenoid. The addition of
astaxanthinA . % of methyl linoleate hydroperoxide is theB-carotene in low concentrations (5x¥® and 5x

amount of methyl linoleate converted to hydroperoxide. Ex-10-* M) slows down the uptake of pressure and the con-
perimental errors are + 5% sumption of oxygen (curve B and C).The additive acts
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as an antioxidant. But using a higher dose of the carotdure @a, 5a, 6a, 8a). All of them contain conjugated
noid (curve D/5x168 M) the reaction speeds up again, ©X0-functions within their end groups. The results for
consuming more oxygen and showing now the prooxigstaxathln as model compound are presented in Figure

dative property of the supplement.
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Fig. 3 Radical induced oxidation of cumene without (A) and F19- S Effect of partial pressure of oxygen and of astaxan-
with added (B, C, D, see teBcarotene thin concentration on the rate of oxidation of cumene

The investigated carotenoids can be divided into three In the concentration range between 5*1d and
classes. The first group contains molecules with verypX10*M the two carotenoidg-carotene and astaxan-
little antioxidative capabilityZc, 2d, 2€), and these are thin display similar behaviour. Both compounds start
therefore not of interest here. The second class coniy behaving as an antioxidant slowing down the oxida-
prises compounds with good antioxidative but alsdion rate and reaching their maximal antioxidative ac-
prooxidative propertieﬂcarotene :(a), see Figure 4, FIVltY at about_ 5x104M At thlSPOlnt asta)_(anthln shows
1b, 2a, 33. its higher antioxidative capability, especially in the pres-

The third class consists of carotenoids which react agnce of larger quantities of oxygen.

strong antioxidants and without any prooxidative na- However, for molarities higher than 5x1# g-caro-
tene turns into a prooxidant for all tested oxygen partial

140 pressures. In sharp contrast, astaxartbas not show

120 A

12 —
100

760 Torr 10 - —

80

-d[O,J/dt [10 ® MIs]
N
o
N
1]

607 150 Torr

40 -

Cumene
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1a 1p 3a

5 2a
0 : . ; |_| |—| 4a 5a 6a ga
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Carotenoid conc. (10 * M) ] |_| |_| |_| |_|

Fig. 4 Effect of partial pressure of oxygen ang3e¢arotene  Fig. 6 Normalized (with respect to actinioerythr8igf = 1)
concentration on the rate of oxidation of cumene rates of oxidation gi(O,) = 150 Torr
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this behaviour. Only a slight increase of the oxidationsee Figure 8). The chain reaction (Gaprovides for
rate is observed for highest oxygen partial pressureshe efficient consumption of carotenoids in case of class

quite different from the changes recorded fecaro- | and class Il carotenoids.
tene. For pressures of oxygen < 760 Torr invariant rates
of oxygen consumption demonstrate a zero increase 6f™ +  ROO- -~ can +  ROOH
oxidation. car 0 - CarOe

To compare these results with those of method 1 th&"°~ + caH - CarO-Cart
relative rates of oxidation were normalized to the pow-""%=¢"* - caror +  Epoxide
erful carotenoid-antioxidant actinioerythr@a) and v cam - CarOCamk
extrapolated to the concentration of 7.7%1K (Fig- ~ oo™ - caro-camtoz
ure 6). In both methods, the oxo-compouredg,5aor o c¥os = cam o~ Caro-camOaCam _

Car-O-CarH-O,-CarHe - Car-O-CarH-Os  + Epoxide

8a, behave as best antioxidants. The polyetwsed  _ ~ -  can + 2 Carbomis
and2e however, are the weakest inhibitors in this SIUdySCheme 2Prosed reaction scheme for the mechan)i/sm of
The non-oxo xanthophylis, likes, are found in between. ~_ G 1a) autoxidation that uses radical addition, frag-

Both results underline that the influence of the endyentation and hydrogen abstraction reactions and is able to
groups as well as of the polyene chain is important fofj; the experimental results

the antioxidative strategy.
Further studies are made by investigating the radice!

induced autoxidation of the two model compounds
[B-carotene and astaxanthin. In general the reaction ra 60 Torr
increases with increasing concentration of carotenoic _ 1207
and increasing partial pressure of oxygen. But the oxi 2
dation of astaxanthin is much slower for all oxygen par- %, 100 -
tial pressures than the ratef®tarotene. g

140 Zv 80 - 150 Torr

'(ID

120 A 60
@ 760 Torr
=
q:; 100 ~ 40 7 15 Torr
=
g 20
9‘“ 80
&

60 150 Torr 0 - T . .

-4 -3 2
Carotenoid conc. (10 * M)
40 . . . . .
5T Fig. 8 Simulated oxidation rates @carotene for different
or oxygen partial pressure and different carotenoid concentra-
20 - tions are shown. These simulations may be compared with
the experimental results of Figure 7

0 1 1 1
-4 3 -2 Conclusion
Carotenoid conc. (10 * M)

Fig. 7 Dependence of the rate of oxygen consumption OnThese results lead to the suggestion that the different

carotenoid concentrations and partial pressures of oxygen f&h€mical anti- and prooxidant behaviour of the carote-
B-carotene noids is caused by the different structure of their end

groups, their chain length (minor importance) and the
number and position of methyl groups. The following
To find a model that is able to explain the pressurgroposals are madg:carotene is able to react as a hy-
dependence we have started to simulate the autoxidarocarbon with active allylic hydrogen atoms that can
tion of B-carotene (using the program Acuchem). In thispe removed by radicals. On the other h@nzhrotene
simulation the following reaction sequence is used (segan also bind to peroxyl radicals. Both processes com-
scheme 2), that is not only capable to explain the forbine to produce chain reactions (scheme 2) with the con-
mation of the various products (epoxides, carbonyl comeomitant formation of epoxides and carbonyl com-
pounds [1,4,11]), but also to obtain an already quite regpounds. Thus, it is possible to develop a sequence of
sonable fit to our experimental results (as an exampleadical abstraction and oxygen addition reactions as well
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as cleavage reactions resulting in a radical chain rea¢omethane. The organic phases are dried over sodium sul-
tion. fate. After evaporation the crude product is dissolved in a

In contrast astaxanthin does not seem to undergo the§gielba,&nf?;n;v(;fpgir(;rt]ilc())rrnoorpdeit:rﬁgreé rggﬁsr?e %‘ergfg&ﬁgfé r";‘/rse
pathways or does it much slower. The proposal, that tht%llizes over night at —18 °C. The precipitate is purified

oxo function is capable to resonance-stabilize Carbo.néhromatography on silica gel using diethyl ether. — Yield

centered radicals might explain the powerful antioxi- 15 g (12%)mp. 205 °C. —'H NMR (CDCL): &/ppm =
dative properties of all class Il carotenoids withouts 18 (s, 6H, 18/19H), 1.41 (s, 6H, 19/18H), 1.91 (s, 6H, 20H),
prooxidative contributions, particularly the remarkable1.97 (s, 6H, 22H), 2.01 (s, 6H, 21H), 2.69J¢; 3.0 Hz, 2H,
efficacy of isonorastacenéd) and actinioerythrolga). OH), 3.94 (dJ = 2.5 Hz, 2H, 3H), 6.35 (d, = 9.9 Hz, 2H,
14H),6.42(d)J=15.7 Hz, 2H, 7-H), 6.44 (d,= 9.4 Hz, 2H,
This work was supported by BASF AG and the Fonds dedOH), 6.67 (dJ = 10.9 Hz, 2H, 16H), 6.53 (m, 2H, 12H),
Chemischen Industrie. 6.64 (m, 2H, 13H), 6.66 (m, 2H, 11H), 6.68 (m, 2H, 17H),
6.95 (d,J = 16.2 Hz, 2H, 8H). 13C NMR (CDCL,): &ppm =
9.50 (20-C), 12.28 (21-C), 12.72 (22-C), 23.96 (18/19-C),
Experimental 25.36 (19/18-C), 45.21 (1-C), 81.68 (3-C), 119.41 (7-C),
128.92 (12-C), 129.10 (11-C), 130.78 (5-C), 130.86 (16-C),
Melting points (uncorrected) were determined on Thermo-134.05 (15-C), 135.19 (9-C), 136.69 (17-C), 137.11 (14-C),
var, Fa. Reichert, Wien/Osterreich. — Gas chromatographyl37.22 (10-C), 139.36 (13-C), 143.84 (8-C), 169.71 (6-C),
Hewlett-Packard 5890 A, SE 30, Injector temperature206.65 (4-C). — UV/Vis (CHG): A_,/nm (Ig &) = 500 sh,
230 °C, 16 °C/min from 80 °C to 230 °C. — TLC: Merck DC- 533 (4.98), 570 sh. — MS (E1)/z(%): 620 (12) M, 307 (11),
Folie, silicagel 60, Fluor.indic.,E, (0.2 mm). — CC: silicagel 176 (11), 154 (100), 137 (60), 136 (89), 107 (32), 91 (22), 98
60, 230—400 mesh, Merck.*H NMR spectra: 300 MHz  (36), 51 (24). — High resolution MS (70 eV).
Varian VXR 300. -3C NMR spectra, 2P NMR spectra:  C,,H;,0, Calcd.: 620.38655, Found: 620.38695 + 0.00362.
75 MHz Varian VXR 300, 200 MHz Bruker AM 200. — IR
spectra: Perkin-Elmer 710 B. — UV/Vis spectra: Zeiss DMR1,22-Bis-(4-hydroxy-2,5,5-trimethyl-3-oxo-1-cyclopentenyl)-
21, M4 Q lll. — Mass spectra: Varian MAT/CH-5, Varian MAT 3,8,15,20-tetramethyl-docosa-undeca-1,3,5,7,9,11,13,15,
311 A, IE 70 eV. — GC/MS: Hewlett—Packard 5890 10m cap-17,19,2-er(8i)
illar column HP OV-1-FS, Hewlett—Packard 5970, IE 70 eV.

_ High—resolution MS: Finnigan MAT 95, IE 70 eV, Analogous taBj 3.50 g (6.2 mmol) phosphoniumsaR are

treated with 0.34 g (1.5 mmol) ¢dialdehydel 5[13]. — Yield
0.13 g (13%)m.p. 210 °C. —'H NMR (CDCL): d/ppm =
1.18 (s, 6H, 18/19H), 1.41 (s, 6H, 19/18H), 1.91 (s, 6H, 20H),
o\ -CH2PPh3Br CHO 1.99 (s,6H, 21H), 2.01 (s, 6H, 22H), 2.66 (d, 2H,3.9 Hz,
Hoﬁ\)y OHCW OH), 3.92 (d. 2HJ = 3.0 Hz, 3H), 6.39 (d, 2H,= 12.4 Hz,
J 13 14 15H), 6.46 (d, 2H, J = 16.4 Hz, 7H), 6.47 (d, 21,11.0 Hz,
10H), 6.67 (m, 2H, 12H), 6.69 (d, 2H,= 10.8 Hz, 13H),
6.71 (m, 2H, 16H)6.73 (m, 2H, 11H), 6.78 (M, 2H, 17H),
OHCW == cHo 6.96 (d, 2H,)= 16.0 Hz, 8H). 13C NMR (CDCL): &ppm =
CHO OHC 9.5 (20-C), 12.31 (21-C), 12.78 (22-C), 23.96 (18/19-C), 25.36
15 16 (19/18-C), 45.20 (1-C), 81.68 (3-C), 119.50 (7-C), 129.48 (11-
C), 130.01 (12-C), 130.88 (5-C), 130.91 (16-C), 132.66 (17-
OﬁL e _POOED, C), 134.19 (15-C), 135.38 (9-C), 137.48 (14-C), 137.56 (10-
OHCJ\/kO (EO)0)P” F C), 138.23 (13-C), 143.81 (8-C), 169.66 (6-C), 206.62 (4-
C).— UVNis (CHCL): A /nm (Ig €) = 500 sh, 531 (4.97),
17 18 560 sh. — MS (Eljn/z(%): 620 (4) M, 307 (11), 154 (100),
136 (80), 77 (37), 51 (22).

[ o 1,20-Bis-(4-hydroxy-2,5,5-trimethyl-3-oxo-1-cyclopentenyl)-
OMJ( 3,8,13,18-tetramethyl-eicosa-oct-1,3,5,7,13,15,17,19en-9,11-
diin (8h)

Analogous taj 3.50 g (6.2 mmol) phosphoniumsaR are
1,22-Bis-(4-hydroxy-2,5,5-trimethyl-3-oxo-l—cyclopentenyl)—tr-eated with 0'3(3, g (1.5 mmol)e d|:nd|aildehyde16 [13]. "
3,9,14,20-tetramethyl-docosa-undeca-1,3,5,7,9,11,13 15Y|eld 0.20 g (21%)m.p. 196-198 °C. 2H NMR (CDCL):
1710 51-e1(8)) 1202, 159, 2023, 9% hpm = 1.18 (s, 6H, 17/18H), 1.41 (s, 6H, 18/17H), 1.91 (s,

- { 6H, 19H), 1.99 (s, 6H, 20H), 2.02 (s, 6H, 21H), 2.71 (d, 2H,
Phosphoniumsalt3 (3.50 g, 6.2 mmol) [12] is dissolved in J=3.8 Hz, OH), 3.94 (s, 2H, 3H), 6.42 (m, 2H, 11H), 6.44 (d,
100 ml 1,2-epoxybutane under nitrogen. After addition of2H, J = 16.4 Hz, 7H), 6.65 (m, 2H, 12H), 6.68 (d, 2H
0.34 g (1.5 mmol) G-dialdehydel4 [13] the mixture is heated  10.9 Hz, 13H), 6.69 (d, 2H,= 10.3 Hz, 10H), 6.94 (d, 2H,
to reflux for 24h. The solution is poured on saturated ammod = 16.1 Hz, 8H). 13C NMR (CDCL): o/ppm = 9.49 (19-C),
nium chloride solution and extracted four times with dichlo-12.41 (20-C), 17.35 (21-C), 23.94 (17/18-C), 25.31 (18/17-
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C), 45.20 (1-C), 76.75 (1-C), 77.21 (15-C), 81.66 (3-C), 87.963,10-Dimethyl-dodeca-penta-2,4,6,8,10-en-1,12-(li8)

(14-C), 87.97 (15-C), 119.29 (9-C), 119.30 (16-C), 120.42
(7-C), 131.04 (11-C), 131.41 (12-C), 136.44 (13-C), 137.31,
(5-C), 138.71 (10-C), 143.40 (6-C), 169.40 (6-C), 206.75 (4-
C). — UV/Vis (CHCL): A, (Ig €) = 420 sh, 467 (4.86), 505
sh. —MS (Elm/z(%): 590 (5) [M], 152 (21), 139 (26), 124
(24), 123 (29), 121 (14), 119 (12), 109 (42), 81 (71), 79 (33)
77 (31), 67 (41), 55 (52), 43 (83), 41 (100), 39 (6Migh
resolution MS (70 eV).

C,H,0,Na Calcd.: 613.32937, Found: 613.33411 + 0.00323

7,14-Dimethyl-2,2,19,19-tetramethoxyeicosa-hept- 4,6,8,10
12,14,16-en-3,18-diofl2g)

Removal of the protective group is achieved by dissolving
1.0 g (28.3 mmol) ofi9 in 300ml acetone and 100 ml
AN sulphuric acid. After stirring for 2 h at room temperature
the yellow precipitate is filtered and driedvacuo — Yield

5.8 g (95%)m.p. 190 °C. *H NMR (CDCL): &ppm = 2.31

(s, 6H, 7H), 6.01 (d] = 8.0 Hz, 2H, 2H), 6.47(d,= 15.3 Hz,
2H, 4H), 6.58 (m, 2H, 6H), 6.82 (qdi= 7.4 Hz; 3.0 Hz, 2H,
5H), 10.13 (dJ = 8.0 Hz, 2H, 1H). 23C NMR (CDCL):
d/ppm = 12.98 (7-C), 130.42 (4-C), 135.31 (6-C), 136.26 (5-
C), 137.49 (2-C), 153.57 (3-C), 191.12 (1-C). — UV/Vis
(CHCL,): A, (Ig €) = 384 (4.79), 405 (4.77). — MS (E1)/z
(%): 216 (55) [M], 134 (100), 121 (58), 115 (70), 95 (77), 91

In a 250 ml three-necked flask with condenser and nitrogeni5), 69 (68), 41 (62).

interface 0.5 g (2.3 mmol) Gdialdehydel5 and 0.65 g

methanol at 70 °C. Under nitrogen 1.5 g (11.5 mmol) 3,3-
dimethoxybutan-2-on in 50 ml dry methanol are added drop-

- ' CyH10,
(11.5 mmol) potassium hydroxide are dissolved in 65 ml dry(216.3)

Calcd.: C77.75 H7.46
Found: C 77.69 H 7.53.

wise at 70 °C. The mixture is stirred for 6 h at 70 °C andReferences

neutralized with acetic acid. After addition of 150 ml of wa-

ter the organic phase is extracted four times with 100 ml of[1]
chloroform. The organic layers are dried over sodium sul- [2]
fate. The residue is purifieda column chromatography  [3]
(dichloromethane/diethyl ether 10:R,= 0.27). After addi-

tion of ethanol the product crystallizes at 0 °C. — Yield 0.21 g EEH
(20%), mp. 137 °C. =*H NMR (CDCL): dppm = 1.42 (s,
6H, 1H), 2.07 (s, 6H, 13H), 3.27 (s, 12H, 11H, 12H), 6.32 (d,
J=12.1 Hz, 2H, 6H), 6.42 (d,= 14.8 Hz, 2H, 8H), 6.50 (m,
2H, 9H),6.56 (m, 2H, 10H), 6.72 (d,= 14.9 Hz, 2H, 4H),  [6]
7.82 (ddJ=12.1Hz, 14.9 Hz, 2H, 5H).13C NMR (CDCL):
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(2-C), 123.76 (4-C), 130.63 (6-C), 132.54 (10-C), 135.29 (9-
C), 137.67 (8-C), 140.32 (5-C), 146.19 (7-C), 197.12 (3-C). —
UV/Vis (CHCL,): A, (Ig &) = 449 (5.23), 475 (5.21). - MS
(El) m/z (%): 444 (20) M, 413 (5), 280 (6), 149 (26), 89
(100), 43 (69), 32 (23).

CygHi0  Caled.: C70.18 H8.10

(444.6) Found: C 69.87 H 8.17.

(7]
(8]

1,10-Bis-(5,5-dimethyl-1,3-dioxan-2-yl)-2,9-dimethyl-deca- [9]
penta-1,3,5,7,9-e(19)

In a 500 ml two-necked flask 7.8 g (120.0 mmol) sodium[10]
hydride are suspended in 200 ml dry tetrahydrofuran undefl1]
nitrogen. 19.2 g (58.5 mmol) phosphona&in 100 ml dry
tetrahydrofuran are added dropwise at room temperature. Afté#2]
hydrogen evolution 27.6 g (150.0 mmol) aldehyidein

100 ml dry tetrahydrofuran are added at room temperature.
After stirring for 48 h diethyl ether is added, and the product
precipitates as a bright yellow solid which is filtered and dried
in vacua

Yield 11.0 g (47%)m.p. 199 °C. 4H NMR (CDCL,): dppm
= 0.74 (s, 6H, C-C}H, 1.22 (s, 6H, C-C}k}, 1.86 d,J =
1.1 Hz, 6H, 7H), 3.52 (d = 10.6 Hz, 4H, O-C}J, 3.65 (d,
J=11.3Hz, 4H, O-C}), 5.19 (dJ = 6.3 Hz, 2H, 2H), 5.55
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