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1. Introduction

Carotenoids are a family of natural compounds ssitted by
plants, microorganisms and some animals but nohibypans.
Carotenoids are partly responsible for the colounature and
play a key role both in the photosynthesis procasd the
photoprotection of the producing organisms. Thayloa broadly
divided into two classes of chemical compounds: temes (e.g.,
B,B-carotene and lycopene) and their oxygenated damdsm
termed xanthophylls (e.g., lutein, zeaxanthin anyghtoxanthin).
Both carotenes and xanthophylls exhibit relevangsphogical
functions, serving as antioxidants in lipophilicvénnments’, a
property that might contribute to the preventiorceftain human
diseases such as cardiovascular, ocular diseademnoer: *

Within carotenoids, the term apocarotenoid is uded
designate those with a backbone of less than 4(raatoms.
Apocarotenoids are formed by the oxidative degradatif one
or both termini of carotenoids, a process thatadtalgzed by
carotenoid cleavage enzymes. The oxidation proddetsved
from dietary B,p-carotenel (Figure 1) can be C20 alans
retinal 2 resulting from the central C15-C15’ cleavage catadly
by BCOZ' ’ or non-symmetricaj-apocarotenoids obtained by
eccentric cleavage catalyzed by BCt?2Carotenoid metabolism
appears to be cell compartmentalizéés BCOL1 is a cytosolic

enzyme'' while BCO2 has been associated with mitochoridria.

BCO2-mediated cleavage is the preferred pathway for
xanthophylls’

The metabolism off,p-carotenel to all-transretinal 2 (Figure
1) promoted by BCOL1 is the first step in the progurcof the
natural retinoids (including, but not restricted vitamin A, 11-
cisretinal and altransretinoic acid3) required for eliciting the
various functions of these compounds in the hun@dybThus,
enzymes responsible for isomerization and changesthe
oxidation state provide the cognate ligands forepéors
implicated in vision, cell proliferation, cell défentiation,
immunity and developmefitin particular, the oxidation of all-
transretinal 2 promoted by aldehyde dehydrogenases (ALBHS)
generate altransretinoic acid3, the natural hormone that binds
to and activates the retinoic acid receptors (RARs)embers of
the nuclear receptor superfamily of ligand-indugitshnscription
factors:?
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Figure 1. B-apocarotenal®,4-7 potentially formed by (enzyme-mediated) oxidatisleavage off,f-carotenel, and the corresponding
carboxylic acids3, 8-11 The shorter fragments of putative BCO2 cleavag@arshown.

Apocarotenoids (such @s11, Figure 1) have been detected in application on the synthesis of retindidsind apocarotenoids
food and in the blood of animalfsand the concentration of some starting from carotenoids was described by Wojtkitde and

of them are similar to that of allansretinoic acid3. Their
biological functions, however, remain uncléar'’ Recently, it
has been proposed that the activity of BCO2-derivethbolites
can protect against the damage induced,pycarotenel. This
compound is deemed partially responsible for oxigastress in
the mitochondria, a process that can trigger sigggbathways
related to cell survival and proIiferatiéﬁ.Moreover, some
apocarotenoids, namely 10’-afezarotenoic acid0, 12’-apog-
carotenoic acid9,'’ 14'-apof-carotenoic acid8, 14’-apop-
carotenal4, and 13'-apd3-carotenone (not shown), have bee
described as low-affinity agonists potentially Bagti as
endogenous antagonists of RARs!’ and also were found to
regulate other functions, such as the placentabpliptein
biosynthesis®

It is believed thap-apocarotenals can be a potential source
B-apocarotenoic acids, which can be considered agogues of

coworkers, although the products were obtained iry Yew
yields?® #®Wwe* * and other& have also contributed to this field
with the synthesis of symmetrical and non-symmeéltrica

carotenoids by dimerization and cross-metathesisgssed’

We considered thgt-apocarotenoids could also be prepared
by cross metathesis of appropriate precurSowe envisioned
the synthesis of-apocarotenoids with different lengths of the
polyene chain by acyclic cross-metath&sistarting from a
common precursor, the already known hexagB® and the
complementary component functionalized as €SteMore
specifically, we undertook the synthesis of the ehig
apocarotenoids (10’-apd-carotenald, 12’-apof-carotenab and
14’-apof-carotenal 6; 8-apof-carotenal 7 is a commercial
compound) that could potentially by formed by edden
otleavage ofp,p-carotenel at the C9'=C10’, C11'=C12’ and

C13'=C14’ double bond$Only the products of cleavage at the

n

all-transretinoic acid3, through the oxidation of the functional C9'=C10’ bond have been characterized in niddowever,

group. However the enzymes involved in these trangitions
have not been described. Logical candidates arehwit:
dehydrogenases (ALDHS3,enzymes that transform aldehyde
into carboxylic acids. Within the ALDH superfamily,
ALDH1A1, ALDH1A2 and ALDH1A3 are closely related
enzymatic forms that catalyze the oxidation ofnaitiehydes’
In order to shed some light on the metabolism aitbdical

since B-apocarotenoids can potentially be formed fr@mB-
carotene 1 by non-enzymatic autoxidation processes, their

s availability by synthesis can provide useful toimsbiochemical
research. A general method for oxidatiorgg¥-carotenel with a
mixture of KMnQ, and HO,, that provided a mixture of three
apo-carotenoids (8'-, 10’- and 12’-apo), was repbrtealf a
century agd?

functions of pB-apocarotenoids, here we present an efficient

synthetic strategy for the preparation of theseetudes and their
biological characterization as substrates for huflabHs.

Carotenoids have been traditionally synthesizeldiiohg two
different strategie$.?° The first comprises carbonyl condensatio
reactions with heteroatom-stabilized carbanjaugh as Wittig,

Horner—Wadsworth—-Emmons and Julia reactions, whicm for metathesi® of

Cs2=Cs bonds’' The second is based on the formation g§-C
Cqe bonds by palladium-catalyzed cross-coupling reactt
(primarily Negishi, Stille, and Suzuki reactioid)n both cases,
appropriate functionalization of the intermediafes the key
reaction is required. Recently, the olefin metathesactiof® =
% has been established as one of the most genatawitely
applicable synthetic methods forCp bond formation.
Despite the numerous applications of olefin metashesactions
in the synthesis of natural produétsts use in the preparation of
conjugated polyene chains has been somehow liméeduse of
concerns about the control of site-selectivity resteelectivity,
and the stability of polyenes to the reaction ctiods. The first

2. Results and discussion

n2.1. Synthesis of 14’-apg-carotenal4

The synthesis of 14’-app-carotenald started with the cross
previously described hexaend2* and
commercial butyl E)-but-2-enoatel3. Four different ruthenium
catalysts were tested with toluene as solvent basetieoresults
described by Wojtkielewicz and cowork&mnd special attention
was paid to the reaction time in order to avoid ddgtion of the
formed polyenes (Scheme 1). The use of NeOlgst catalyst
was discouraging as the starting material was fudlgovered
after 48 h (entry 1, Table 1). The use of Nitro-Gredaalysi®
allowed to obtain, after 7.5 h, the desired prodnc29% vyield
together with 15% of B,p-carotene 1, resulting from the
competing dimerization df2* (entry 2, Table 1).



The 2nd generation Grubbs catal§st proved more effective
in the metathesis reaction (39% yield fbs), althoughp,p-
carotenel was also obtained as secondary product (entrytdeTa
1). Finally, the use of 2nd generation Hoveyda-GsulfHG)
catalyst® afforded the best results, with a 62% vyield of dekl5
and 16% of homodimet obtained after 4.5 h (entry 4, Table 1).
The increase of the reaction time turned out todb&imental
since it favored the cross metathesis corresponftimgally to
the C11=C12 bond, with full consumption of the @iy formed
apof-carotenoid 15 (entry 5, Table 1). Compound5 was
readily transformed into the desired 14'-gpeoarotenald by
Dibal-H reduction followed by oxidation df6 with MnO, under
basic conditions (Scheme 1). In addition, sapoaifin of ester
15 with KOH/MeOH at 70 °C afforded 14’-afdearotenoic acid

8in 62% yield.
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Scheme 1Reagents and conditions. a) Table 1. b) Dibal-H-TH8 °C, 5h,
71%. c) MnQ, NaCOs, CH,ClI,, 25 °C, 5h, 88%. d) KOH, MeOH, 70 °C, 1h,
62%.

X COBu
13

a, Table 1

15, R = COBu
16, R = CH,0OH
4,R=CHO

Table 1. Olefin cross-metathesis of hexaghand enoaté3.

Reagents and conditions Yield (%)
1 14 15
1 13(6 equiv.), Neolyst (0.15 equiv.), 0 0 0

toluene, 25 °C, 48 h

2 13(6 equiv.), Nitro-Grela (0.15 equiv.), 15 0 29
toluene, 25 °C, 7.5 h
3 13(6 equiv.), 2nd gen. Grubbs, toluene, 15 0 39
25°C,45h
4 13(6 equiv.), 2nd gen. Hoveyda-Grubbs 16 1 62
(0.15 equiv.), toluene, 25 °C, 4.5 h
5 13(6 equiv.), 2nd gen. Hoveyda-Grubbs 0 36 0

(0.15 equiv.), toluene, 25 °C, 24 h

2.2.Synthesis of 12’-ap@-carotenal5

The previously optimized reaction conditions werextne
applied to the synthesis of 12'-apecarotenab. The reaction of
an excess ofl7 with hexaenel2 afforded methyl 12’-ap@-
carotenoate18 in 40% vyield along with the product of
homodimerizationl (10%). Some reactant hexaetzwas also
recovered (11%). The geometry of the newly formedbt®
bond was confirmed by NOE experiments. Dibal-H rednctid
ester 18 and subsequent oxidation with MpQunder basic
conditions furnished 12’-app-carotenal5 (Scheme 2). Ester
hydrolysis as described led to 12’-ap@arotenoic aci@ in 53%
yield.

\\/—\\‘rCOgMe 1, p,p-Carotene
+
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18, R = CO;Me
19, R = CHz0H
5. R=CHO

9, R =CO,H
Scheme 2Reagents and conditions. &Y §eneration HG, toluene, 25 °C, 7h
(10% B,p-carotenel, 11% startingl2, 40% methyl 12’-ap@-carotenoate
18). b) Dibal-H, THF, -78 °C, 4h, 75%. ¢) MRN&COs;, CH,Cl,, 25 °C, 4h,
38%. d) KOH, MeOH, 70 °C, 1h, 53%.

2.3.Synthesis of 10’-ap@-carotenal6

The anticipated component for the synthesis of af@f-
carotenal6, namely methyl (E,4E)-octan-2,4,6-enoat4, was
prepared by a six step sequence starting from hRB4E)-3-
methyl-6-oxohexa-2,4-dienoag®. Protection of the aldehyde of
20 as dioxolane, followed by the consecutive estenctdn with
Dibal-H and MnQ oxidation, led to aldehyd21 in good yields.
Wittig  olefination with commercially available ethyl
triphenylphosphonium iodid22 provided triene23 in 80% yield
as an inconsequential 1:1 mixture of double bormmess.
Subsequent deprotection of the acetal followed hgagion of
the trienal with Mn@ and KCN in MeOH provided est@d as a
mixture of isomers (Scheme 3). An excess of triesyer24 was
reacted with hexaenE2 under the conditions already described,
which produced the desired methyl 10’-gpoarotenoate?5 in
24% vyield along with 58% vyield of,3-carotenel. A two-step
sequence of Dibal-H reduction and Mn@xidation of este25
afforded 10’-apd3-carotenab in a combined 59% vyield.

a-c d
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Scheme 3 Reagents and conditions: a) ethylene glyp®§OH, benzene, 96
°C, 16h, 99%. b) Dibal-H, THF -78 °C, 2h, 99%. a)®, NaCOs, THF, 25
°C, 5h, 75%. d) ethyl triphenylphosphonium iod2# NaHMDS, THF, -78
°C, 2.5h, 80%. e)TsOH, acetone, 25 °C, 17h, 98%. f) Mn®CN, MeOH,
25 °C, 3.5h, 79%. g)"2generation HG12, toluene, 5h (589%,B-carotenel,
49% starting trienoat?4, 24% methyl 10’-ap@-carotenoat@5). h) Dibal-H,
THF, -78 °C. i) MnQ, N&CO;, CH,Cl,, 59% (2 steps).

2.4.ALDH enzymatic assay

The activity of ALDH1A enzymes with ap@®-carotenals4
and5 (the study withé was not completed due to the low overall
yield of the synthetic sequence) was monitored usimg
improved HPLC-based method for the simultaneousctleteof
substrates and reaction products. In all casescotoitant
consumption of ap@-carotenalst and5, and production of the
corresponding apf-carotenoic acid8 and9, respectively, were
observed (see Figure 2 and Supporting Informatidrfus,
ALDH1A enzymes turned out to be active with 14’- and-dj2o-
B-carotenals4 and5).
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Table 2.Kinetic constants of human ALDH1A enzymes with gpcarotenals.
ALDH1A1 ALDH1A2 ALDH1A3
Km kcat kcat/Km Km kcat kcat/Km Km kcat kcat/Km
Substrate (M) (mint)  (mM-"-min"") (M) (mint) — (mM-"min"") (M) (mint) — (mM-"-min"")
12'-apo-p-carotenal 5 NS - 44 18202 85%02 4800 600 3004 13201 450 £ 62
14'-apo-p-carotenal 4 122 31202 25747 5005 47202 930+ 93 NS - 303

®Enzymatic activity was measured in 50 mM HEPES, 88 0.5 mM NAD, including 0.5 mM EDTA and 0.5 mM DTT for ALDH1A1
and ALDH1A2, or 30 mM MgGland 5 mM DTT for ALDH1A3, at 37 °C. Apocarotenoiticproduction was quantified by using an HPLC-
based method. NS, no saturation (80 was the highest substrate concentration testeleirassay), where the, K, value was calculated

from the slope of V/[E] vs [S] plot.

Table 2 compares the kinetic constants of the ALDH1Amobile phase, at a flow rate of 2 mL/min using at&% Alliance 2695

enzymes with 12’- and 14’-apd<arotenals§ and4), showing
some differential substrate specificity. In genelg| values were
in the micromolar range, except for ALDH1Al and ALDH1A3,
which were not saturated with 12’-afezarotenal5 and 14'-
apof-carotenal4, respectively (Figure 3). While ALDH1Al
showed higher specificity for 14’-afearotenald, ALDH1A2
exhibited higher catalytic efficiency for 12’-afleearotenal5.
This catalytic efficiency is about ten-fold hightvan those of
ALDH1A1 and ALDH1AS3, and similar to that observed for thes
enzymes with altransretinaldehyde?. Thekvalues are in the
same range in all the experiments performed, bwedothan
those for alltransretinaldehyde2 (data not shown; to be
reported elsewhere).

To date, the enzymatic activity of ALDH with these
compounds had only been reported in microorganiarhis is
the first report on the apocarotenal dehydrogeradivity of
human ALDH1A enzymes.
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Figure 2. HPLC elution profiles of 12’-apof-carotenal 5 (A) and 12'-
apo--carotenoic acid 9 (B). Stock solutions of apocarotenoids were
prepared in ethanol and LM of either compound was injected. Each
compound was separated by liquid chromatography NovaPak® silica gel
column (4um, 3.9 x 150 mm) in hexareft-butyl methyl ether (96:4, v/v)

HPLC. Elution of 12’-apd-carotenab and 12’-apg3-carotenoic aci® was
monitored with a Waters 2996 photodiode array deteat 415 and 400 nm,
respectively. The retention times for 12'-gpaarotenal5 and 12'-apo-
carotenoic acid were 2.85 and 10.60 mimgspectively.Insets: UV-vis
absorption spectra of the two compounds.

ALDH1A2 - 12’-apo-B-carotenal
40

or—
0 20

[12’-apo-B-carotenal] pM

40

Figure 3. Representative Michaelis-Menten kinetics of ALDH1A2with
12'-apo-carotenal 5. The reaction was carried out in 50 mM HEPES, 0.5
mM EDTA, 0.5 mM DTT, pH 8.0, at 37 °C. The initiedtes were measured
with at least six different substrate concentratidexperimental values were
adjusted to the Michaelis-Menten equation using ribe-linear regression
program GraFit 5.0 (Eritacus software).

3. Conclusion

We have developed a new stereoselective synthedisrexd
apocarotenoids (14’-ap@-carotenal, 12’-apof-carotenab and
10’-apop-carotenal 6) and demonstrated that the olefin
metathesis protocol is a valid synthetic method docessing
these conjugated polyenes. Whereas the acyclis-tnesathesis
of the common required hexaene was efficiently peréal with
the shorter enoate and dienoate partners, the cebeotivity
with the longer trienoates is poor due to the presef several
trans-disubstituted olefins that can compete. Brevisyntheses
of these apd@-carotenoids have in general featured carbonyl
condensation reactions, such as Wittig and aldadensations
(4%, 5% 924"y or enol ether reactions with acetals followed by
elimination and hydrolysis in the casedsf.

We have shown that human retinaldehyde dehydrogssase
capable of using app-carotenals as substrates with good
catalytic efficiency. ALDH1A1 and ALDH1A2 exhibit higher
substrate specificity fod and5, respectively, while ALDH1A3
shows similar specificity for the two compounds. Ollerthe
substrate specificity of ALDH1 enzymes with ap@arotenals is
comparable to that with altansretinaldehyde?, indicating that



these enzymes might play a physiological role @ rietabolism
of apocarotenoids.

4. Experimental Section

Generalexperimental procedureSee E.S.I.

4.1.Butyl (2E,4E,6E,8E,10E)-5,9-Dimethyl-11-(2,6,6-
trimethylcyclohex-1-en-1-yl)undeca-2,4,6,8,10-pembate
(butyl 14’$-apocarotenoate)lb).

General procedure for the olefin metathesis reactim a
solution of
pentaenyl)-1,3,3-trimethylcyclohex-1-ené2 (14 mg, 0.049
mmol) and butyl E)-but-2-enoatel3 (46.4 uL, 0.294 mmol) in

toluene (0.25 mL), ¥ generation Hoveyda-Grubbs catalyst (0.46

mg, 0.0073 mmol) was added and the reaction mixtuas
thoroughly degassed. After stirring at 25 °C for d,5he mixture
was filtered through a Celite™ pad, which was washéld &40
and the solvent was evaporated. The residue wasigulitify
column chromatography (silica gel, 99:1 hexane/EtOAc)
afford, in order of elution, 2.2 mg (16%) of a readlid identified

aspp-carotenel, 11.8 mg (62%) of a red oil identified as butyl

(2E,4E,6E,8E,10E)-5,9-dimethyl-11-(2,6,6-trimethylcyclohex-1-

(E,3E,5E,7E)-2-(3,7-dimethyldeca-1,3,5,7,9-

5
for C,iH30; ([M+H] "), 317.2475; found, 317.2472. IR (NaCl):
U 2958 (m, C-H), 2929 (m, C-H), 1711 (s, C=0), 1598, (hi 44
(m), 977 (m) crit. UV (MeOH): Apax 329 nm.

4.2.(2E,4E,6E,8E,10E)-5,9-Dimethyl-11-(2,6,6-
trimethylcyclohex-1-en-1-yl) undeca-2,4,6,8,10-pentd (14'-
apo--carotenal) 4).

General procedure for Dibal-H reduction of esters. &0
cooled (-78 °C) solution of BR4E,6E,8E,10E)-5,9-dimethyl-11-
(2,6,6-trimethylcyclohex-1-en-1-yl)Jundeca-2,4,6(8,1
pentaenoatd5 (13.2 mg, 34.5 mmol) in THF (0.175 mL) was
added Dibal-H (0.103 mL, 1M in hexanes, 0.103 mmafjer
stirring for 5 h at -78 °C, 0 was added and the mixture was
extracted with EtOAc (3x). The combined organic layeere
washed with brine (3x), dried (B80O,) and the solvent was
evaporated. The residue was purified by column chtography
(silica gel, 93:4:3 hexane/EtOACcH) to afford 7.7 mg (71%) of
a yellow oil identified as (& 4E,6E,8E,10E)-5,9-dimethyl-11-
(2,6,6-trimethylcyclohex-1-en-1-yl)Jundeca-2,4,6(Bdentaene-
1-ol 16, which was used without further purification.

General procedure for MnOoxidation of alcohols. To a
cooled (0 °C) solution of B4E,6E,8E,10E)-5,9-dimethyl-11-

en-1-ylundeca-2,4,6,8,10-pentaenoafeand 0.2 mg (1%) of a (2,6,6-trimethylcyclohex-1-en-1-yl)undeca-2,4,6Bdentaene-

yellow oil identified as butyl (B4E,6E)-5-methyl-7-(2,6,6-
trimethylcyclohex-1-en-1-yl) hepta-2,4,6-trienoate

Data forp,-carotene 1): 'H-NMR (400 MHz, GDg): 3 6.79
(dd,J = 14.8, 11.4 Hz, 2H, 2H), 6.70-6.67 (m, 2H, k), 6,49 (d,
J = 14.8 Hz, 2H, H), 6.42 - 6.31 (MBH, 2H, + 2Hg+ 2H; +
2H.,), 1.99 (t,J = 5.6 Hz, 4H, 2 x Ch), 1.94 (s, 6H, 2 x C}j,
1.88 (s, 6H, 2 x Ch}, 1.82 (s, 6H, 2 x C}), 1.64 - 1.56 (m, 4H,
2 x CHy), 1.52 - 1.49 (m, 4H, 2 x Gi 1.16 (s, 12H, 4 x CH}
ppm. HRMS (ESI): Calcd. for GoHsg ([M+H]"), 536.4376;
found, 536.4376. UV (MeOH} ., 449, 241 nm.

Data for butyl (Z,4E,6E,8E,10E)-5,9-dimethyl-11-(2,6,6-
trimethylcyclohex-1-en-1-yl)undeca-2,4,6,8,10-peni@ate 15):
'H-NMR (400 MHz, CO(CR),): & 7.71 (dd,J = 15.0, 12.0 Hz,
1H, Hys), 7.02 (ddJ = 15.0, 11.4 Hz, 1H, H), 6.48 (d,J = 15.0
Hz, 1H, H,), 6.34 (d,J = 11.8 Hz, 1H, Hl), 6.42 - 6.18 (m, 3H,
H; + Hg + Hyg), 5.97 (d,J = 15.0 Hz, 1H, k), 4.16 (t,J=6.6
Hz, 2H, O-CH-), 2.13 (s, 3H, Ck), 2.10 - 2.06 (m, 2H, C}j

1-ol 16 (28.5 mg, 0.0912 mmol) in GBI, (1.7 mL) MnQ
(0.143 g, 1.64 mmol) and MaO; (0.174 g, 1.64 mmol) were
added. After stirring for 5h at 25 °C, the reactiixture was
filtered through a Celif¢' pad and the solvent was removed. The
residue was purified by column chromatography @iligel,
95:2:3 hexane/EtOAc/EN) to afford 24.8 mg (88%) of a yellow
oil identified as (E,4E,6E,8E,10E)-5,9-dimethyl-11-(2,6,6-
trimethylcyclohex-1-en-1-yl)undeca-2,4,6,8,10-pent 4. 'H-
NMR (400 MHz, (CRR),CO): & 9.65 (d,J = 8.0 Hz, 1H, Hy),
7.76 (ddJ=14.9, 12.0 Hz, 1H, H), 7.07 (ddJ = 15.0, 11.5 Hz,
1H, H,y), 6.50 (dJ = 15.0 Hz, 1H, H), 6.48 (dJ =11.8 Hz, 1H,
His), 6.38 - 6.18 (m, 3H, H+ Hg + H,g), 6.16 (dd,J = 14.9, 8.0
Hz, 1H, Hg), 2.17 (s, 3H, Ck), 2.08 - 2.04 (m, 2H, CHi 2.05
(s, 3H, CH), 1.73 (s, 3H, CH), 1.68 - 1.60 (m, 2H, Chl 1.52 -
1.47 (m, 2H, CH), 1.05 (s, 6H, 2 x C§ ppm. *C-NMR (100
MHz, (CD;),CO): 6 193.7 (d), 148.4 (d), 147.2 (s), 139.5 (s),
138.5 (s), 138.4 (d), 136.8 (d), 131.9 (d), 134} @30.5 (d),
130.2 (s), 129.7 (d), 128.8 (d), 40.3 (t), 34.8 8.6 (1), 29.3 (q,

2.06 (s, 3H, Ch), 1.75 (s, 3H, Ch), 1.72 - 1.61 (m, 4H, 2 x 2x), 22.0 (q), 19.9 (1), 13.2 (q), 12.9 (q) ppm. HBNESH):

CH,), 1.54 - 1.48 (m, 2H, Chi 1.47 - 1.39 (m, 2H, CH), 1.07
(s, 6H, 2 x CH), 0.97 (t,J = 7.4 Hz, 3H, CKCHs) ppm.*C-

Calcd. for G,H3O ([M+H]"), 311.2369; found, 311.2376. IR
(NaCl): u 2926 (m, C-H), 2863 (w, C-H), 1670 (s, C=0), 1559

NMR (100 MHz, (CR),CO): 167.4 (s), 145.2 (s), 140.8 (d), (m), 1124 (m), 967 (M) cth UV (MEOH): Ayax 402 N £ = 45

138.8 (s), 138.7 (s), 138.6 (d), 137.0 (d), 134} (30.1 (s),
129.5 (d), 129.4 (d), 128.4 (d), 121.4 (d), 64)440.4 (1), 34.9
(s), 33.6 (1), 31.6 (1), 29.3 (g, 2x), 21.9 (9),9%), 19.8 (1), 14.0
(@), 13.1 (9), 12.9 (q) ppm. HRMS (E®ICalcd. for GgHzs0,

(IM+H] "), 383.2945; found, 383.2946. IR (NaQ))2957 (m, C-

H), 2928 (m, C-H), 2866 (w, C-H), 1708 (s, C=0), 1615, (m

1563 (m), 1135 (s), 970 (M) MUV (MeOH): Amax 394 nm.

Data for butyl (E,4E,6E)-5-methyl-7-(2,6,6-
trimethylcyclohex-1-en-1-yl)hepta-2,4,6-trienoafel)( ‘H-NMR
(400 MHz, CDC}): 6 7.71 (dd,J = 15.0, 11.8 Hz, 1H, §), 6.38
(d,J=16.1 Hz, 1H, KHor H;), 6.18 - 6.10 (m, 2H, Hor H; +
H,), 5.87 (d,J = 15.5 Hz, 1H, H), 4.16 (t,J = 6.7 Hz, 2H, O-
CHy), 2.04 (s, 3H, Ck), 2.05 - 1.95 (m, 2H, C}j, 1.71 (s, 3H,
CHy), 1.68 - 1.58 (m, 4H, 2 x G 1.50 - 1.37 (m, 4H, 2 x Gi{
1.03 (s, 6H, 2 x Ck}, 0.95 (t,J = 7.4 Hz, 3H, CHCH,) ppm.

950 mol* L cm™).

4.3.(2E,4E,6E,8E,10E)-5,9-Dimethyl-11-(2,6,6-
trimethylcyclohex-1-en-1-yl)undeca-2,4,6,8,10-pemtée Acid
(14’-p-apocarotenoic acid)g)

General procedure for hydrolysis of esters with KOH.alo
solution of (%,4E,6E,8E,10E)-5,9-dimethyl-11-(2,6,6-
trimethylcyclohex-1-en-1-yl)undeca-2,4,6,8,10-peni@ate 15
(19.6 mg, 51.2 mmol) in MeOH (3.53 mL) was added KOI8Z0.
mL, 2M in H,0, 1.64 mmol). After stirring at 70 °C for 1 h, the
reaction mixture was cooled down to 25 °C,,CH and brine
were added and the layers were separated. The olggaicwas
washed with HO (3x). The combined aqueous layers were
acidified until acidic pH and extracted with gH, (3x). The

3C.NMR (100 MHz, CDC)): 3 167.8 (s), 144.4 (s), 140.7 (d), combined organic layers were dried (8@,) and the solvent

137.6 (s), 136.9 (d), 130.9 (s), 130.8 (d), 128% (20.2 (d),
64.3 (1), 39.7 (1), 34.4 (s), 33.3 (1), 30.9 (.2 (g, 2x), 21.9 (q),
19.4 (t), 19.3 (1), 13.9 (g), 13.2 (g) ppm. HRMS [(BSCalcd.

was evaporated. The
chromatography (silica gel, 70:30 hexane/EtOAc) fordf10.4
mg (62%) of a orange solid identified a&(2E,6E,8E,10E)-5,9-

residue was purified by column
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dimethyl-11-(2,6,6-trimethylcyclohex-1-en-1-yl)uraie
2,4,6,8,10-pentaenoic acl 'H-NMR (400 MHz, (CR),CO): &
7.68 (ddJ=14.9, 12.0 Hz, 1H, H), 6.98 (ddJ = 15.0, 11.5 Hz,
1H, H,y), 6.45 (dJ = 15.0 Hz, 1H, H), 6.35 (dJ =12.1 Hz, 1H,
Hyg), 6.38 - 6.16 (M, 3H, H+ Hg + Hyg), 5.92 (d,J = 15.0 Hz,
1H, Hs), 2.09 (s, 3H, Ch), 2.07 - 1.97 (m, 2H, CHi, 2.02 (s,
3H, CHy), 1.71 (s, 3H, CH), 1.68 - 1.57 (m, 2H, CH, 1.51 -
1.46 (m, 2H, CH), 1.04 (s, 6H, 2 x CH ppm. **C-NMR (100
MHz, (CD;),CO): 168.0 (s), 145.0 (s), 141.2 (d), 138.8 (sB.63
(s), 138.5 (d), 137.1 (d), 131.4 (d), 130.1 (sp.42d), 129.3 (d),
128.4 (d), 121.6 (d), 40.4 (t), 34.9 (s), 33.629,3 (q, 2x), 21.9
(@), 19.9 (1), 13.1 (q), 12.9 (g) ppm. HRMS (BSICalcd. for
C,H3,0, (M+H]™), 327.2319; found, 327.2316. IR (NaCl):
2924 (m, C-H), 2856 (w, C-H), 1680 (s, C=0), 1560 ()62
(s), 969 (m) cil. UV (MeOH): Aax 375 € = 46 100 mot L cmi
).

4.4.Methyl (2E,4E,6E,8E,10E,12E)-2,7,11-Trimethyl-13%@-
trimethylcyclohex-1-en-1-yl)trideca-2,4,6,8,10,12#enoate
(methyl 12’-apgs-carotenoate) 18).

Following the general procedure for the olefin ntetats, the
reaction of (1,3,3-trimethyl-2-(@,3E,5E,7E)-3,7-dimethyldeca-
1,3,5,7,9-pentaenyl)cyclohex-1-eb2 (21 mg, 0.074 mmol) with
methyl E)-2-methylpenta-2,4-dienocatd7 (37.5 mg, 0.298
mmol) and
mmol) in toluene (0.8 mL) at 25 °C for 7 h, affoddeafter
purification by column chromatography (silica ggladient from
100:0 to 99:1 hexane/EtOAc), in order of elution, &g (11%)
of a yellow oil identified as 1,3,3-trimethyl-2-@13E,5E, 7E)-
3,7-dimethyldeca-1,3,5,7,9-pentaenyl)cyclohex-1-£3el1.9 mg
(10%) of a red solid identified g&p-carotenel and 10.3 mg
(40%) of a red solid identified as  methyl
(2E,4E, 6E,8E,10E,12E)-2,7,11-trimethyl-13-(2,6,6-
trimethylcyclohex-1-en-1-yl)trideca-2,4,6,8,10,1&denoatd 8.
'H-NMR (400 MHz, (CR),CO): & 7.34 (d,J = 11.8 Hz, 1H,
His), 7.10 (dd,J = 14.3, 12.0 Hz, 1H, H), 6.89 (dd,J = 14.9,
11.5 Hz, 1H, Hy), 6.69 (ddJ = 14.2, 12.1 Hz, 1H, H), 6.46 (d,
J=15.0 Hz, 1H, kb), 6.39 (dJ = 11.8 Hz, 1H, H,), 6.34 — 6.16
(m, 3H, H + Hg + Hy), 3.74 (s, 3H, OCH}, 2.09 (s, 3H, Ch,
2.10 - 2.02 (m, 2H, C}), 2.03 (s, 3H, CH), 1.99 (s, 3H, CH),
1.75 (s, 3H, CH), 1.70 - 1.62 (m, 2H, CHl, 1.54 - 1.48 (m, 2H,
CH,), 1.07 (s, 6H, 2 x CH ppm. “C-NMR (100 MHz,
(CD5),C0): 56 168.8 (s), 140.8 (s), 139.4 (d), 138.8 (d), 138)7
137.8 (d), 137.6 (s), 137.0 (d), 132.3 (d), 13dB (29.9 (s),
128.9 (d), 127.8 (d), 127.7 (d), 126.9 (s), 51.0 49.4 (t), 34.9
(s), 33.6 (t), 29.3 (g, 2x), 22.0 (q), 19.9 (1),.a3q), 12.9 (q),
12.8 (q) ppm. HRMS (ES): Calcd. for GgHz/0, ([M+H]Y),
381.2788; found, 381.2786. IR (NaCi):2926 (m, C-H), 2862
(w, C-H), 1703 (m, C=0), 1235 (m) émUV (MeOH): A nax 410
nm.

4.5.(2E,4E,6E,8E,10E,12E)-2,7,11-trimethyl-13-(2,6,6-
trimethylcyclohex-1-en-1-yl)trideca-2,4,6,8,10,1%#enal (12'-
apo-s-carotenal) B).

Following the general procedure for Dibal-H reductioh
esters, the reaction of methyl B4E,6E,8E,10E,12F)-2,7,11-
trimethyl-13-(2,6,6-trimethylcyclohex-1-en-1-yl)eca-
2,4,6,8,10,12-hexaenoatd (15.7 mg, 0.041 mmol) with Dibal-
H (0.124 mL, 0.124 mmol, 1M in hexanes) in THF (®@20L) at
-78 °C for 4h, afforded, after purification by coio
chromatography (silica gel, 90:7:3 hexane/EtOAMIETL0.9 mg
(75%) of a reddish oil identified as E2E,6E,8E,10E,12E)-
2,7,11-trimethyl-13-(2,6,6-trimethylcyclohex-1-erylitrideca-
2,4,6,8,10,12-hexaene-1-@B, which was used without further
purification.

Following the general procedure for Mpxidation of
alcohols, the reaction of E4E,6E8E,10E,12F)-2,7,11-
trimethyl-13-(2,6,6-trimethylcyclohex-1-en-1-yl)ieca-
2,4,6,8,10,12-hexaene-1-09 (8.4 mg, 0.0024 mmol) with MnO
(37.3 mg, 0.429 mmol) and M2O; (45.4 mg, 0.429 mmol) in
CH,CI, (0.443 mL) at 25 °C for 4h, afforded, after puafiion by
column chromatography (silica gel, 95:2:3 hexar@/At/Et;N)
3.2 mg (38%) of a orange-reddish oil identified as
(2E,4E,6E,8E,10E,12F)-2,7,11-trimethyl-13-(2,6,6-
trimethylcyclohex-1-en-1-yl)trideca-2,4,6,8,10,1&denal 5.
'H-NMR (400 MHz, (CR),CO): 5 9.46 (s, 1H, K), 7.24 (dd,J
=14.1, 12.1 Hz, 1H, H), 7.13 (d,J = 11.8 Hz, 1H, k), 6.92
(dd,J=14.9, 11.5 Hz, 1H, H), 6.84 (ddJ = 14.1, 11.9 Hz, 1H,
H.s), 6.46 (d,J = 15.2 Hz, 1H, k), 6.42 (d,J = 12.2 Hz, 1H,
Hys), 6.32 — 6.15 (m, 3H, H+ Hg + H,g), 2.08 (s, 3H, Ck), 2.09
- 2.01 (m, 2H, CH), 2.01 (s, 3H, Ch), 1.83 (s, 3H, CH), 1.72
(s, 3H, CH), 1.71 - 1.55 (m, 2H, CHji, 1.56 - 1.44 (m, 2H, CH
1.04 (s, 6H, 2 x C§ ppm.**C-NMR (100 MHz, (CR),CO): &
194.4 (d), 149.3 (d), 142.3 (s), 138.7 (d), 13&p 138.5 (d),
138.2 (s), 137.6 (d), 137.5 (s), 132.1 (d), 13HY, (30.0 (s),
128.6 (d), 128.4 (d), 128.1 (d), 40.3 (1), 34.9 83.6 (), 29.3 (q,
2x), 22.0 (qg), 19.9 (1), 13.0 (), 12.8 (9), 9.5 @m. HRMS
(ESI): Caled. for GsHsO 351.2682; found, 351.2695. IR
(NaCl): v 2924 (m, C-H), 2861 (w, C-H), 1667 (s, C=0), 1544

¥ generation Hoveyda-Grubbs catalyst (7 mg, 0.014m), 1185 (m) cril. UV (MeOH): Ao 424 nm £ = 69 600 mot

L cm™).

4.6.(2E,4E,6E,8E,10E,12E)-2,7,11-Trimethyl-13-(2,6,6-
trimethylcyclohex-1-en-1-yl)trideca-2,4,6,8,10,13#enoic Acid
(12’-apop-carotenoic acid) 9).

Following the general procedure for hydrolysis dfees the
reaction of (E,4E,6E,8E,10E,12E)-2,7,11-trimethyl-13-(2,6,6-
trimethylcyclohex-1-en-1-yl)trideca-2,4,6,8,10,1&denoatel8
(10.1 mg, 0.026 mmol) with KOH (0.425 mL, 2M in,®, 0.85
mmol) in MeOH (1.83 mL) at 70 °C for 1 h, affordediea
purification by column chromatography (silica ger0:30
hexane/EtOAc) 5.1 mg (53%) of a red solid identified
(2E,4E,6E,8E,10E,12E)-2,7,11-trimethyl-13-(2,6,6-
trimethylcyclohex-1-en-1-yl)trideca-2,4,6,8,10,1&denoic acid
9. '"H-NMR (400 MHz, CDCJ): 5 7.42 (d,J = 11.8 Hz, 1H, H}),
6.95 (ddJ=14.0, 12.1 Hz, 1H, 4, 6.76 (ddJ = 14.9, 11.5 Hz,
1H, Hyy), 6.54 (dd,J = 13.8, 12.1 Hz, 1H, H), 6.36 (dJ = 15.0
Hz, 1H, H,), 6.27 (d,J = 12.4 Hz, 1H, H), 6.23 — 6.10 (m, 3H,
H; + Hg + Hy), 2.02 (s, 3H, Ch), 1.99 (s, 3H, Ch), 2.10 — 1.99
(m, 2H, CH), 1.72 (s, 3H, CH), 1.66 - 1.57 (m, 2H, C}}, 1.51 -
1.47 (m, 2H, CH), 1.03 (s, 6H, 2 x C§ ppm. **C-NMR (100
MHz, CDCk): & 173.1 (s), 141.0 (d), 140.8 (s), 138.0 (s), 137.7
(d), 137.6 (s), 137.1 (d), 136.6 (d), 131.1 (d)0.63d), 129.8 (s),
127.8 (d), 127.7 (d), 127.2 (d), 125.2 (s), 39)834.4 (s), 33.3
1), 29.2 (q, 2x), 21.9 (), 19.4 (t), 13.1 (q),.a3q), 12.6 (q)
ppm. HRMS (ESI): Calcd. for GsHssO, ([M+H]™), 367.2632;
found, 367.2629. IR (NaClp 2924 (m, C-H), 2858 (w, C-H),
1670 (s, C=0), 1419 (m), 1248 (m), 968 (M) crdV (MeOH):
Amax 402 € = 61 450 motL cm™).

4.7.Ethyl (2E,4E)-5-(1,3-Dioxolan-2-yl)-3methylpenta-2,4-
dienoate 20a).

To a 500 mL round-bottomed flask armed with a DearkSt
trap, were added ethyl E4E) 3-methyl-6-oxohexa-2,4-dienoate
20 (2.5 g, 14.8 mmol), benzene (256.3 mp)TsOH (170 mg,
0.89 mmol) and ethyleneglycol (8.7 mL, 156 mmolydathe
resulting mixture was heated under reflux for 16The cooled
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reaction mixture was diluted with,B, an aqueous solution of (100.62 MHz, (CR),CO): & 167.8 (s), 149.3 (d), 140.3 (d),
NaHCO;, was added and the mixture was extracted wit©OEt 139.8 (s), 138.8 (d), 138.7 (s), 137.9 (d), 138} 135.0 (d),

(3x). The combined organic layers were dried @) and the
solvent was removed to obtain 3.12 g (99%) of arteds oil
identified as ethyl (2,4E)-5-(1,3-dioxolan-2-yl)-3-methylpenta-
2,4-dienoate20a "H-NMR (400 MHz, GDg): 8 6.29 (d,J = 15.8
Hz, 1H, Hy), 5.96 (ddJ = 15.8, 5.4 Hz, 1H, §, 5.82 (s, 1H, ),
5.23 (d,J = 5.4 Hz, 1H, &), 3.99 (qJ = 7.1 Hz, 2H, OCKCHy),
3.53 - 3.45 (m, 2H, C}), 3.43 - 3.36 (m, 2H, C}}, 2.23 (s, 3H,
CHa), 0.96 (t,J = 7.1 Hz, 3H, OCKCH,) ppm. C-NMR (101

MHz, C:De): & 166.3 (s), 150.8 (s), 137.2 (d), 131.8 (d), 121.7

(d), 103.4 (d), 65.0 (t, 2x), 59.8 (1), 14.3 (qB.2 (q) ppm.
HRMS (ESI): Calcd. for GH;/0, ((M+H]"), 213.1121; found,

134.2 (s), 132.8 (d), 131.9 (d), 129.9 (d), 12%) (27.6 (d),
127.3 (d), 116.8 (d), 51.5 (q), 40.3 (t), 34.9 9,6 (t), 29.3 (q,
2x), 22.0 (q), 19.9 (1), 12.9 (q), 12.8 (q), 12§ ppm. HRMS
(EST): Caled. for GgHiO, ([M+H]"), 407.2945; found,
407.2954. IR (NaCl)p 2921 (m, C-H), 2856 (m, C-H), 1714 (m,
C=0), 1701 (m), 1539 (m) cMUV (MeOH): 429 nm.

4.10.(2E,4E,6E,8E,10E,12E,14E)-4,9,13-Trimethyl-15-(2,6,6
trimethylcyclohex-1-en-1-yl)pentadeca-2,4,6,8,10,42,
heptaenal (10'-apg-carotenal) ).

Following the general procedure for Dibal-H reductioh

213.1120. IR (NaCl)v 2979 (m, C-H), 2887 (m, C-H), 1713 (s, esters, the reaction of methyl H2E,6E,8E,10E,12E, 14E)-

C=0), 1616 (m), 1231 (m), 1154 (s), 772 (m)']cr‘dv (MeOH):
Amax 253 nm.

4.8.(2E,4E)-5-(1,3-Dioxolan-2-yl)-3-methylpenta-2,4-ditol
(20b)

Following the general procedure for Dibal-H reductioh
esters, the reaction of ethyl H2E)-5-(1,3-dioxolan-2-yl)-3-
methylpenta-2,4-dienoate 20a (1.39 g, 6.59 mmolh Wital-H
(16.5 mL, 1M in hexanes, 16.5 mmol) in THF (33.4)nalt -78
°C for 2h, afforded 1.11 g (99%) of a colorlessidéntified as
(2E,4E)-5-(1,3-dioxolan-2-yl)-3-methylpenta-2,4-dien-1-&0b.
"H-NMR (400 MHz, GDg): 6 6.43 (d,J = 15.8 Hz, 1H, k), 5.77
(dd,J = 15.8, 5.9 Hz, 1H, ¥}, 5.54 (t,J = 5.4 Hz, 1H, H), 5.32
(d,J=5.9 Hz, 1H, ), 3.90 (dJ = 5.4 Hz, 2H, 2H), 3.65 - 3.54
(m, 2H, CH), 3.47 - 3.41 (m, 2H, C)| 1.47 (s, 3H, CH ppm.

¥C-NMR (101 MHz, GD¢): & 138.8 (d), 134.1 (s), 134.0 (d),

125.3 (d), 104.4 (d), 65.0 (t, 2x), 59.2 (t), 128 ppm. HRMS
(ESI+): Caled. for @H;s0; ([M+H]), 171.1016; found,

171.1020. IR (NaClyp 3500-3100 (br, O-H), 2950 (m, C-H),

2883 (m, C-H), 1386 (m), 1156 (m), 1085 (m), 1013, @50 (s)
cmt. UV (MeOH): Amax 233 Nm.

4.9.Methyl (2E,4E,6E,8E,10E,12E,14E)-4,9,13-Trimethyl-15
(2,6,6-trimethylcyclohex-1-en-1-yl)pentadeca-2,48)8.2,14-
heptaenoate (methyl 1B-apo-carotenoate)25).

Following the general procedure for olefin metatbeshe
reaction of (1,3,3-trimethyl-2-(@,3E,5E,7E)-3,7-dimethyldeca-
1,3,5,7,9-pentaenyl)cyclohex-1-erk (10 mg, 0.035 mmol),

4,9,13-trimethyl-15-(2,6,6-trimethylcyclohex-1-en-1
yl)pentadeca-2,4,6,8,10,12,14-heptaecno2fe (11.2 mg, 0.028
mmol) with Dibal-H (6.9uL, 0.069 mmol, 1M in hexanes) in
THF (0.138 mL) at -78 °C for 2h, afforded, afterification by
column chromatography (silica gel, gradient from;1253 to
80:20:0 hexane/EtOAc/BM) 10 mg of a red solid identified as
(2E,4E,6E,8E,10E,12F,14F)-4,9,13-trimethyl-15-(2,6,6-
trimethylcyclohex-1-en-1-yl)pentadeca-2,4,6,8,101#2heptaen-
1-ol 26 which was used without further purification.

Following the general procedure for Mpxidation of
alcohols, the reaction of E4E,6E,8E,10E,12E,14F)-4,9,13-
trimethyl-15-(2,6,6-trimethylcyclohex-1-en-1-yl)pexdeca-
2,4,6,8,10,12,14-heptaen-1-86 (10.7 mg, 0.028 mmol) with
MnO, (52.2 mg, 0.51 mmol) and MaO; (54.1 mg, 0.51 mmol)
in THF (0.423 mL) at 25 °C for 2h afforded, afterification by
column chromatography (silica gel, gradient from:098 to
97:3:0 hexane/EtOAc/EY) 6.1 mg (58% combined vyield) of a
red solid identified as @&4E,6E,8E,10E,12E,14E)-4,9,13-
trimethyl-15-(2,6,6-trimethylcyclohex-1-en-1-yl)pexdeca-
2,4,6,8,10,12,14-heptaend which was purified by HPLC
(Waters Spherisofl 10pm CN, 10x250 mm Semipreparative
column with NovaPak CN 4um precolumn, 95:5 hexanesdaegt
flow rate: 3mL/min, 4 = 12 min). '"H-NMR (400.16 MHz,
(CD5),C0): 5 9.59 (d,J = 7.6 Hz, 1H, Hy), 7.33 (dJ = 15.3 Hz,
1H, Hy,), 7.08 - 6.96 (m, 1H, H or Hyg), 6.86 (dd,J = 15.0,
11.4 Hz, 1H, H)), 6.81 - 6.74 (m, 2H, Hor Hyy + Hys or Hys),
6.44 (d,J = 15.0 Hz, 1H, K, 6.39 (d,J = 12.0 Hz, 1H, H, or
His), 6.30 - 6.11 (M, 4H, H+ Hg + Hyp + Hyy), 2.07 - 2.04 (m,
2H, CH,), 2.04 (s, 6H, 2 x C}), 2.00 (s, 3H, Ck), 1.71 (s, 3H,
CHs), 1.66 - 1.59 (m, 2H, CHi 1.50 - 1.46 (m, 2H, CH, 1.03
(s, 6H, 2x CH) ppm. °*C-NMR (100.62 MHz, (CB),CO): &

methyl (ZE,4E,6E) and (E,4E,6Z)—4—methy|octa-2,4,6-trienoate 193.7 (d), 156.9 (d), 141.7 (d), 140.7 (s), 1381y, (38.7 (s),
24 (35.3 mg, 0.212 mmol) and®2generation Hoveyda-Grubbs 137.9 (d), 137.6 (s), 136.1 (d), 134.7 (s), 1321 131.9 (d),

catalyst (4.4 mg, 0.007 mmol) in toluene (0.18 rat_25 °C for 5
h, afforded, after purification by column chromatghy (silica
gel, 98:2 hexane/EtOAc) in order of elution, 5.5 8§ 06) of a
red solid identified assfg-carotenel, 17.2 mg (49%) of a
yellowish oil identified as starting methyl E2E,6E) and
(2E,4E,62)-4-methylocta-2,4,6-trienoa@ and 3.4 mg (24%) of
a red oil identified as methyl E24E,6E,8E,10E,12E,14E)-4,9,13-
trimethyl-15-(2,6,6-trimethylcyclohex-1-en-1-yl)padeca-
2,4,6,8,10,12,14-heptaenoat®5. 'H-NMR (400.16 MHz,
(CD»),C0): 6 7.35 (d,J = 15.5 Hz, 1H, k), 6.96 (ddJ = 13.9,
11.9 Hz, 1H, Hk), 6.84 (dd,J = 14.9, 11.5 Hz, 1H, H), 6.80 -
6.72 (m, 1H, Hg), 6.67 (d,J = 11.8 Hz, 1H, H,), 6.43 (d,J =
15.0 Hz, 1H, H,), 6.37 (d,J = 11.8 Hz, 1H, H,), 6.26 (d,J =
15.8 Hz, 1H, H), 6.23 (dJ = 11.0 Hz, 1H, k), 6.17 (dJ=16.1
Hz, 1H, H), 5.90 (d,J = 15.5 Hz, 1H, k), 3.69 (s, 3H, OCH),
2.07 - 2.05 (m, 2H, C}), 2.03 (s, 3H, CH), 2.00 (s, 3H, CH),
1.96 (s, 3H, Ch), 1.71 (s, 3H, Ch), 1.68 - 1.57 (m, 2H, C}
1.51 - 1.45 (m, 2H, CH), 1.03 (s, 6H, 2 x CH ppm.*C-NMR

129.9 (s), 129.9 (d), 128.1 (d), 127.8 (d), 1276 40.3 (t), 34.9
(s), 33.6 (t), 29.3 (g, 2x), 22.0 (g), 19.9 (1),.a%q), 12.8 (q),
12.70 (q) ppm. HRMS (ESL Calcd. for GH3,0O ([M+H]),
377.2839; found, 377.2842. IR (NaC{):2920 (m, C-H), 2852
(m, C-H), 1671 (s, C=0), 1123 (s), 968 (m)tnuV (MeOH):
450 nm € 66 400 mof L cm™).

4.11.Purification of recombinant human ALDHs and enzymatic
assay

Human ALDH1Al1l, ALDH1A2 and ALDH1A3 were
recombinantly expressed from the pET-30 Xa/LIC veciod
affinity purified onto a Ni*-NTA Chelating SepharoZ% Fast
Flow column (GE Heathcare). Activity assays with #po-
carotenals were carried out using detergent-freabdizlation
and end-point reaction, followed by HPLC, originaligvised for
retinoid analysid’> ALDH1A1 and ALDH1A2 were assayed in
50 mM HEPES, 0.5 mM EDTA, 0.5 mM DTT, pH 8.0, while
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ALDH1A3 was assayed in 50 mM HEPES, 30 mM MgQd&
mM DTT, pH 8.0. Concentration of 12'- and 14’-apearotenal
was determined based on the corresponding molarrgtso
coefficient in aqueous solutions at the appropriatvelength
(e410= 24,228 M*-cm ' ande, 6= 15,945 M*-cm'*, for 12'-apo-
B-carotenals in ALDH1A1/1A2 and ALDH1AS reaction buffer,
respectively; andsy;= 9,218 M* cm* andezqo= 9,036 M*.cni*
for 14’-apo$-carotenal4 in ALDH1A1/1A2 and ALDH1A3
reaction buffer, respectively). The reaction wagtsth by the
addition of cofactor and carried out for 15 mir8@t°C in a final
volume of 0.5 mL. With the aim to measure the syeathte
enzymatic activity, the concentration of enzyme \kept from
50- to 100-fold lower than that of the substratedtbrenzymatic
assays and a saturating concentration of cofa@tbmiM NAD")
was used. Reaction products were extracted
hexane/dioxane/isopropanol (50:5:1, v/v) and amalyby an
HPLC-based methotf.The organic layer was evaporated, #po-
carotenoids were dissolved in hexane and injectetb @n
NovaPaK silica gel column (4m, 3.9 x 150 mm, Waters) in
hexanetert-butyl methyl ether (96:4, v/v) mobile phase, &lioav
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