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Combination of Vitamin E with a Carotenoid: a-Tocopherol and Trolox
Linked to fi-Apo-8'-carotenoic Acid
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Abstract: Vitamin E and carotenoids
show many similar and complementary
properties and protect living tissues
against a variety of pathological proc-
esses. A mixture of both compounds

increase the synergistic effects. We
therefore esterified S-apo-8'-carotenoic
acid with all-rac-a-tocopherol to give a-
tocopheryl-#-apo-8'-carotenoate.  The
carotenoic acid was also connected to

a-tocopherol in a glyceride ether, 1-O-
(a-tocopheryl)-3-(B-apo-8'-carotenoyl)-
glycerol, whereas the water-soluble vita-
min E analogue, trolox, was combined
with f-apo-8'-carotenoic acid in a di-

often exhibits a significantly greater
effect than the sum of the individual
activities. The synthetic linkage of car-
otenoids with vitamin E might thus

Introduction

Carotenoids are antioxidants!! and protect living tissue
directly or as immunopotentiators against a variety of
diseases.’*] They are used as food colorings, internal or
external sunscreens, food stabilizers, cosmetics, and as nutri-
tional supplements for animals and humans.-!

pB-Apo-8'-carotenoic acid (1) is a naturally occurring
carotenoid,'! which is also commercially available as the
ethyl ester (Cy, ester) 2.7 Ester 2 is mainly utilized as a food
coloring (E160f) and for the pigmentation of poultry and
eggs.['61819 Tn a similar manner to other carotenoids, ester 2 is
used in dermatological applications.” Acid 1 and ester 2,
despite known vitamin A activity,'®! are not detectably
metabolized to retinol in humans.?-?

The vitamin E isomers, particularly a-tocopherol, are anti-
oxidants and, like carotenoids, protect against many diseas-
es.[>24 g-Tocopherol (3) is used as a food stabilizer (E307)
and as an agent in sunscreens.>2? Toxic effects of vitamin E
are not known.???! Vitamin E, like C;, ester 2, is added to
poultry feed.?’]
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glyceride: 1-(6-hydroxy-2,5,7,8-tetrame-
thylchroman-2-acyl)-3-(-apo-8'-carote-

lipids - noyl)-glycerol.

The physiological action of vitamin E is generally associ-
ated with the free OH group. Protic solvents decrease the
antioxidant potential of 3 through formation of solvent
hydrogen bonds.” Esterification or etherification are as-
sumed to cause complete biological inactivity.*!] Oral appli-
cations of tocopherol esters are potent, because they are
hydrolyzed in the gut to free tocopherol.’? Since tocopherol
esters are not metabolized to tocopherol on the human
skin,? the many different topically employed tocopherol
estersPY should therefore be intrinsically inactive. This,
however, is in conflict with documented therapeutic ef-
fects, is contradictory to the widespread utilization of
such derivatives, and would reduce vitamin E esters to simple
filling ingredients in dermatological and cosmetic formula-
tions. The mechanisms of the topical activity of vitamin E
esters still do not seem to be fully understood, and can
probably not be ascribed solely to the free phenol group.Bh37)

Ether derivatives of a-tocopherol (3) are not expected to be
cleaved under physiological conditions and, therefore, should
not show activity. It is the etherification of the phenol group
which is considered to give tocopherol radical-quenching
ability.’**] However, recent results demonstrate that a-
tocopherol ethers are also effective radical scavengers acting
through a charge-transfer mechanism.[*) Consequently, toco-
pherol ethers provide useful antioxidative protection in
cosmetic compositions.*!]

Trolox (6), a water-soluble analogue of the lipophilic
tocopherols, functions as antioxidant both in aqueous and
non-aqueous solutions.[*>#] Trolox is utilized in the treatment
of skin, eye, and heart disorders.[*]
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The similar properties of tocopherol and carotenoids
exhibit additive effects when used together.*’”l More often, a
synergistic effect, due to mutual protection, is observed,**!
for example in antioxidants, anticarcinogens, and radiopro-
tective agents.P*? Carotenoids are employed together with
tocopherol as food protectors, food colorings, preventive
medication, sun-tanning formulations, and nutritional supple-
ments in food and feed.['1853-7]

The linkage of vitamin E to carotenoids would provide
unique compounds that would eliminate the need for physical
mixtures. Such compounds could serve as a single source of
both vitamin E and carotenoids. In addition, the close
proximity of tocopherol to carotenoids may positively affect
the cooperative activity.l®

We report here on the synthetic combination of a-toco-
pherol (3) and trolox (6) with carotenoid 1 by means of direct
esterification and linkage to a natural carrier molecule.

Results

a-Tocopheryl retinoate has been synthesized by condensation
with trifluoracetic acid®™! or by reacting a-tocopherol (3) with
retinoic acid chloride.’! However, a-tocopheryl-apo-8'-caro-
tenoate (4) could not be synthesized with trifluoracetic acid
nor with 8-apo-8'-carotenoic acid chloride.®”! The reaction of
acid 1 with phenol 3 in the presence of triphenylphosphine

Abstract in German: Vitamin E und Karotenoide zeigen
vielfiltige, sich erginzende Funktionen und schiitzen Zellen
vor einer Vielzahl pathologischer Prozesse. Eine Mischung
beider Substanzen erhoht oft die Wirkungsweise weit iiber eine
Addition der Einzelaktivititen. Die synthetische Verkniipfung
von Karotenoiden mit Vitamin E stellt einen Weg dar, den
Synergieeffekt moglicherweise zu vergrossern. 3-Apo-8'-Karo-
tensdure liess sich direkt mit Tocopherol verestern. Beide
Verbindungen konnten auch iiber ein Ather-Ester-Glycerid
miteinander verbunden werden. Das wasserlosliche Vitamin-E-
Derivat Trolox wurde mit der Karotensdure in einem Digly-
cerid vereinigt.

Abstract in Norwegian: Vitamin E og karotenoider har bade
like og komplementere egenskaper. En blanding av begge
stoffene har ofte stgrre aktivitet enn summen av de enkelte
aktivitetene. Den syntetiske kombinasjon av karotenoider og
vitamin E kan gke den synergistiske effekt. f-Apo-8'-karoten-
syre ble direkte forestret med tokoferol. Begge stoffene ble ogsa
knyttet sammen i et eter-ester glyserid. Det vannlpslige
vitamin E derivatet trolox ble kombinert med karotensyren i
et diglyserid.

Abstract in Greek:

H Brraptvn E KoL 01 KOPOTIVEG EXOVV TOPOUOLES KOL CUUTAT POROTIKES
1B10TNTEG KO TTPOSTOTEVOVV OO Slodopes TaONoELS. To pelyLo Tov dvo
OUTOV  XMUIKOV  EVOCEMV  TOPOLOLOGEL  CUYVO  UEYOAVLTEPT)
ONMOTEAECUOTIKOTNTO O’ OTL 70  OBPOICUD.  TOV  UEROVONEVOV
ONOTEAECUOTLKOTITOV. To GuvBeTixo {evyopoUa TNG KOPOTVNG He TNV
Brrapivn E 6o pmopouvoe vor owENon 1O CUVEPYELKO QULVOLEVO TV
dvo owtwv ovowwv. To B-Amo-koapotiviko ofv eotepomonOnke om’
gvfetog  pe v Preopuvn E. Ot dvo O0TEG  YXMULKEG  EVOCELG
cuvdvaotnkav emong ¢ eva oubepo—eatepo—yivkepidro. To Tporog,
MOV EWVOL EVO VOATONAAVTO ovoAoYo ¢ Priopvng E, evobnke pe 1o
xopotviko o&v ¢ evar SryAvkepidio.
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and CCl,, a specific phenol ester reagent, produced the ester 4
in insufficient yields.®'! If a polyphosphate ester, another
reagent for phenol ester synthesis? % was used, then 1 and 3
reacted to give the carotenoid —tocopherol compound 4 in
64 % yield (Scheme 1).

B-Apo-8'-carotenoic acid (1) could not be obtained from
ester 2 by application of the generally recommended con-
ditions for the hydrolysis of carotenoid esters,®*% under
which the C; ester proved to be virtually inert. Lipase from
Candida Antarctica B (CAB) slowly hydrolyzed ester 2 to acid
1 at 40°C, whereas KOH in iso-butanol at 85°C readily
reacted with 2 to provide 1 in high yields.

Trolox —phospholipid derivatives have already been ob-
tained by linking the chroman ring to the phosphate moiety.[]
We tried to react the carboxylic acid group of trolox (6)
selectively with the hydroxyl group at C3 of the monoglycerol
5, with dicyclohexylcarbodiimide and dimethylaminopyridine
as condensing agentsl® and obtained the 1,3-diglyceride 7
(Scheme 2, cf. ref. [67]).

Diglycerides form stable emulsions with water.[! Trolox —
carotene glyceride 7 may therefore be suitable for the pre-
paration of carotenoid —trolox dispersions with a new func-
tionality, since the activity of vitamin E and carotenoids
depends on the partial diffusion of the compounds into the
lipid and water phase of the emulsified particles.*>%7 The
carotene —trolox compound 7 will probably be hydrolyzed in
the gut in a similar manner to other diglycerides and, con-
sequently, the constituent compounds of 7 would be released
simultaneously at sites which might not be reached by the
individual chemicals.

a-Tocopheryl glycidyl ether 9 was formed in a two-phase
system from tocopherol 3 and epichlorohydrin (8) with
NaOH."" No reaction was observed with amines as a base.["”]
With preformed Na-tocopherolate, only minor amounts of the
glycidyl ether 9 were formed.[! Ring opening to the glycerol
ether 10 was achieved with dilute sulfuric acid, while basic
conditions failed.”™ Attempts to prepare 10 by hydroxylation of
tocopheryl allyl ether were not pursued due to the low yield in
the reaction of tocopherol 3 with allyl bromide or iodide. The
glycerol ether 10 was esterified with Cyy-ester 2 by CAB lipase in
decaline at 30°C under reduced pressure and gave the toco-
pherol - carotene compound 11 in 53% yield™! (Scheme 3).

The ether bond in 11 can be expected to be inert towards
lipase and may only be cleaved by special etherases. It is
known that alkyl acylglycerols are metabolically concentrated
in tumor cells.” Glyceryl ethers have previously been
synthesized with cyclic alcohols (sterols) and are used in
dermatological prescriptions.””! Alkylglycerols and their
ester derivatives are nontoxic, even when ingested in large
amounts,®™ and they exhibit antitumor and radioprotective
effects.’!] These properties are also shown by carote-
n0ids?$2%1 and vitamin E.?*% Etherlipid 10 may therefore
represent a compound in which these qualities are combined.

Experimental Section

General: After reaction, the products were absorbed on silica gel, dried in
vacuo, and separated by flash chromatography (silica gel 60, Merck)
followed, if necessary, by further purification on preparative or analytical
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Scheme 1. Synthesis of a-tocopheryl-apo-8'-carotenoate (4).
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Scheme 2. Synthesis of 1-(6-hydroxy-2,5,7,8-tetramethylchroman-2-acyl)-3-($-apo-8'-caro-

tenoyl)-glycerol 7.

TLC plates (silica gel 60, Merck) with hexane/heptane —acetone mixtures.
Mass spectra (EI, IP70 eV, 210 °C): only prominent or diagnostically useful
peaks are reported. Small yields of carotenoid compounds were deter-
mined from the Vis spectral®! in CH,Cl,, if not otherwise stated.
f-Apo-8'-carotenoic acid (1):

Method A: Cy, ester 2 (BASF) (350 mg, 0.76 mmol), lipase CAB (2 g), and
water (10 mL) were stirred in decahydronaphthaline (50 mL) for 15 days.
Chromatographic work-up afforded 1 (135 mg, 41 %).

Method B: C;, ester 2 (40 g, 0.087 mol) was dissolved in 2-methyl-1-
propanol (iso-butanol, 300 mL). Aqueous KOH (25 %, 100 mL) was added,
and the solution stirred at 85°C. After 2h the ester 2 was completely
hydrolyzed (HPLC evidence). After addition of H,SO, (20 %, 300 mL), the
mixture was stirred at 70 °C. The organic layer was separated and washed
with H,O (3x500mL) at 70°C. Water was removed by azeotropic
distillation with toluene (70°C, 100 mbar). The residue was stirred in dry
iso-butanol (200 mL) at 20°C for 24 h, filtered, and washed with methanol
(3 x200mL) to give 1 (33.9 g, 90 % ). Recrystallization from 3-pentanone
gave pure 1. MS (ESI): m/z =863 [2M* —H], 431 [M"—H], 339 [M* —
H —92]; Vis (acetone): A, =440 nm; 'H NMR (400 MHz, [D{]DMSO):
0=103 (s,12H, 2 x CH;, C1), 1.46 (m, 2H, C2), 1.59 (m, 2H, C3), 1.69 (s,
3H, CH,-C5), 1.91 (s, 3H, CH;, CY'), 1.95 (s, 3H, CH;, C13"), 1.96 (s, 6 H,
2 x CHj;, C9, C13), 2.01 (m, 2H, C4), 6.1-6.8 (m, 11 H, olefinic protons),
720 (d,1H, C10'); *CNMR (100 MHz, [D]DMSO): 6 =12.42 (CH;, C9'),
12.46 (CH;, C13), 12.57 (CH;, C13'), 12.65 (CH;, C9), 18.74 (C3), 21.40
(CHs;, C5),28.78 (2 x CH;, C1), 32.59 (C4), 33.84 (C1), 39.30 (C2), 123.41
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(C10'), 125.65 (C11), 126.29 (C7), 126.57 (CY'), 128.94
(C5), 129. 81 (C10), 130.92 (C15), 131.96 (C15), 132.19
(C14), 13539 (C14'), 135.48 (C13, C13'), 137.07, 13720
(C8, C9, C12), 13741 (C6), 138.0 (C11'), 143.32 (C12),
169.02 (C8).

a-Tocopheryl f-apo-8'-carotenoate (4):

Method A: A solution of [-apo-8-carotenoic acid (1,
140 mg, 0.32 mmol), all-rac-a-tocopherol (3, 140 mg,
0.32 mmol), and a polyphosphate ester!® (300 mg) in
CH,CI, (25 mL) were stirred for 2 days at 22 °C. Chromato-
graphic work-up afforded 4 (175 mg, 64 %).

Method B: A solution of triphenylphosphine (13 mg,
0.05 mmol) and CCl, (5uL, 0.05 mmol) in CH,Cl, was
added to a solution of 1 (20 mg, 0.05 mmol), 3 (21 mg,
0.05 mmol), triethylamine (0.1 mL, 0.72mmol) in
CH,CL,.1°"l After stirring at 22°C for 5 days, insufficient
formation of 4 was detected by TLC.

Ester 4: MS: m/z =844 [M*], 752 [M* — 92], 430 [M* — 414
(1-H,0)], 415 [3—15], 323 [415 —92]; IR (film on KBr):
7=1700 cm~! (conj. C=0); Vis: Ay =455 nm (in accord-
ance with 2); 'H NMR (400 MHz, CDCL;): tocopheryl
moiety: 6=0.75-0.81 (12H, 4 x CH;4a’,8a',12a',13'),
1.0-1.6 (m, 21 H, 3 x CH and 9 x CH,, phytyl chain), 1.18
(s,3H, 2a), 1.75 (m, 2H, C3), 2.02-2.07 (9H, 3 x CHj3, Sa,
7a, 8b), 2.52 (t, 2H, C4); carotenoyl moiety: 0 =0.96 (s,
6H, 2 x CH;, C1), 1,40 (m, 2H, C2), 1.64 (m, 2H, C3), 1.65 (s, 3H, CHj,
C5),1.91-1.95 (12H, 4 x CHj, olefin chain), 1.97 (m, 2H, C4), 6.1 -6.8 (m,
12 H, olefinic protons); *C NMR (100 MHz, CDCl,): in accordance with 2
and 3.
1-(6-hydroxy-2,5,7,8-tetramethylchroman-2-acyl)-3-(f-apo-8'-carotenoyl)-
glycerol (7): 8-Apo-8'-carotenoylglycerol (5)% (7 mg, 0.014 mmol), trolox
(6-hydroxy-2,5,78-tetramethylchroman-2-carboxylic acid, 6, 9 mg, 0.036 mmol)
were dissolved in a mixture of CH,Cl, (2mL) and acetone (5 mL). 4-
Dimethylaminopyridine (DMAP; 7 mg, 0.06 mmol) and dicyclohexylcar-
bodiimide (Dcc; 11 mg, 0.104 mmol) dissolved in CH,Cl, (3 mL) were
added and the solution stirred for 48 h at 22 °C.I! Chromatographic work-
up gave unreacted 5 (2 mg) and product 7 (1 mg, 14%). MS: m/z =738
[M*], 505 [M*—233 (troloxacyl)], 430 [505 —75 (C;H;0,)]; Vis: Apy=
456 nm; 'H NMR (500 MHz, CDCl;): glycerol moiety: 6 =4.25 (m, 1H,
C2),4.16,3.99,3.92,3.84 (m, 4H, C2, C3), 3,66 (m,2H, C1), 3.77-4.0 (m,
2H, C2,C3),4.14-4.27 (m, 1 H, C3); trolox moiety: 6 =1.22 (s, CH;, 2a),
2.09,2.12 (9H, 3 x CH;, 5a, 7a, 8b), 1.85 (m, 1H, C3), 2.45 (m, 1H, C3),
2.56 (m, 2H, C4); carotenoyl moiety: in accordance with spectra of 2.

Tocopheryl glycidy! ether (9): To a mixture of epichlorohydrin (8, 0.63 mL,
8.0 mmol), all-rac-a-tocopherol (3, 3.1 g, 7.10 mmol) and tetrabutylammo-
nium hydrogensulfate (0.13 g) was added dropwise at 0°C to an aqueous
solution of KOH (50 %, 3.7 mL).""7! After stirring for 30 min at 0°C and
4 h at RT, extractive work-up gave ether 9 (3.1 g,87%). '"H NMR (CDCl;,
300 MHz), glycidyl moiety (ABMXY-system): 6 =2.71, 2.87 (dd, 2H, C1,
2] =49 Hz,3]=4.7,2.7 Hz), 3.35 (m, 2H, C2), 3.65,3.90 (dd, 2H, C1,%/ =
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Scheme 3. Synthesis of the tocopherol —carotene compound 11.

11 Hz, 37 =5.9, 3.3 Hz); tocopheryl moiety: in accordance with 3; 3C NMR
(75 MHz, CDCL,), glycidyl moiety: 6 =44.6 (C1), 50.6 (C2), 73.8 (C3):
tocopheryl moiety: in accordance with 3.

1-0-a-Tocopherylglycerol (10): Ether 9 (2.1 g, 4.30 mmol) was refluxed for
24 h with 3~ H,SO, (205 mL, 90 % THF, H,0).’* Extraction with CH,Cl,
and chromatographic work-up with ethyl acetate/hexane 3:7 afforded 10
(1.93 2,89%). MS: m/z =504 [M*],430 [M*+ — 74 (C;H0,) ], 239 [M+ — 265
[C1sHs; (phytyl chain) and C2, C3 and C2a], 165 [239 — 74 (C;H(O,)]; 'H
NMR (400 MHz, CDCl,), glycerol moiety (ABMXY system): 6 =3.77 (m,
2H, C3), 3.83 (m, 2H, C1), 4.08 (m, 1H, C2), 2.45, 3.00 (brs, 2 x OH);
tocopheryl moiety: in accordance with 3; C NMR (75 MHz, CDCL,),
glycerol moiety: 0 =73.9 (C3), 71.3 (C2), 64.1 (C1); tocopheryl moiety: in
accordance with 3. The position of the glycerol protons was verified by 'H -
'H and 'H-"3C COSY NMR spectra.

1-O-(a-tocopheryl)-3-(-apo-8'-carotenoyl)glycerol (11): Ether 10 (403 mg,
0.799 mmol), 2 (365 mg, 0.798 mmol), and lipase CAB (977 mg) were
stirred in decahydronaphthaline (15 mL) at 30°C at reduced pressure
(10 Torr) for 5 days.”” Chromatographic work-up gave unreacted 2
(247 mg) and product 11 (120 mg, 53 %). MS: m/z =918 [M*], 826 [M*+ —
92], 504 [M*—414 (1-H,0)], 430 [504 — 74 (C;H:O,)], 239 [504 — 265
{C,oH3; (phytyl chain) and C2, C3 and C2a}], 165 [239 — 74 (C;H(O,)]; Vis:
Amax =456 nm; 'H NMR (500 MHz, CDCl,), glycerol moiety (ABMXY

116 —— © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1998
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system): 0 =3.77 (m, 2H, C1), 429 (m, 1H, C2) 4.42
(m, 2H, C3); tocopheryl moiety: in accordance with 3;
carotenoate moiety: in accordance with 2; *C NMR
(125 MHz, CDCl,): glyceryl moiety: 6 =72.93 (C1),
69.53 (C2), 65.55 (C3); tocopheryl moiety: in accord-
ance with 3; carotenoate moiety: in accordance with 2.

We thank B. Olsrgd for the mass spectra and
Novo-Nordisk A.S., Copenhagen, for a gift of lipase
CAB.
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