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ABSTRACT

Lycopene-5,6-diol stereoisomerka(b) and @a,b) andy-carotene-5',6’-diol stereocisomer3g,b) and
(4a,b) were synthesized by a stepwisgs @ C,p + C;5 double Wittig reaction strategy. The key
compoundserythraanti)-Cys-dihydroxy aldehydesl7a,b and theirthredsyn-stereoisomer3a,b
were prepared via Sharpless asymmetric epoxidatiorgeraniol and nerol followed by acidic
hydrolysis of the epoxides in a stereospecific neanifhe enantiomerically enrichethti-isomers
were obtained by way of recrystallization of 2,3®ygeranyl 3,5-dinitrobenzoateda,b, whereas
synisomers were obtained as enantiomerically purengoria recrystallization of dihydroxyneryl
3,5-dinitrobenzoate?1a,h In order to determine the absolute stereocheynistmatural products,
HPLC separation methods for each enantionierd-4a,b were established by using a column
carrying a chiral stationary phase.
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1. Introduction

Lycopene (Fig. 1), the major carotenoid foundtomatoes and tomato-based food products, is
expected to exhibit physiological activities, espkg in cancer prevention. It has been reportet th
lycopene exhibits excellent antioxidant activitiesd growth-inhibitory effects on several human
cancer cell$. Furthermore, epidemiological studies have shovet the uptake of lycopene reduces
the risk of prostate cancér.

erythro-lycopene-5,6-diol (1) (5R,6S): 1a, (5S5,6R): 1b
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Fig. 1. Lycopeney-carotene and their new oxidative metabolites.

Several oxidative metabolites of lycopene, inmlgdstructurally unique compounds carrying a
five-membered ring end-group, have been isolateth fhuman serum and tomato proddciEhe
metabolites are considered to be formed via lycegef-epoxide as shown in Fig. 2. As lycopene is
shown convincingly to be beneficial in biologicaldanutritional activities, biological activities @k
metabolites have also attracted attention oversydarour intensive research on oxidative prodotts
lycopene andi~carotene, we have isolated lycopene-5,6-dit)s () andy-carotene-5,6’-diols ),
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(4) for the first time from the aril of gaklomordica cochinichinesisGac is a deciduous vine that
grows in South Asia and has been used traditiorzalpoth food and folk medicine. Its aril contains
lycopene with a higher content and several caradisndhe relative stereochemistries of diol moiety
in these carotenoids were estimated by NOESY andE N@ference experiments and molecular
calculation using the ab initio molecular orbitadtimod® To give validation to their stereochemistries,
we have employed synthetic approach. Following g#Endescription of the total synthesis of
(55,6R)-lycopene-5,6-diol 1b) and its (5,6S)-isomer2a in the previous reportwe would like to
report here stereospecific synthesis of the alesisomers of lycopene-5,6-didld, 1b, 2a, 2b) and
y-carotene-5',6’-diol 8a, 3b, 4a, 4b) and establishment of HPLC analysis method byguaicolumn
carrying a chiral stationary phase.
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Fig. 2. Proposed metabolic pathway of lycopene.

2. Results and discussion

We planned to synthesize the all stereoisomelgcopene-5,6-diol{ab, 2a,b) and
y-carotene-5’,6'-diol 8a,b, 4a,b) by Wittig reaction of known G-phosphonium salts® and6’ with
C.s-dihydroxy apocarotenals, which would be also prepared by condensation dxertw
Cys-dihydroxy aldehydeB and Gg-phosphonium salt® as shown in Scheme 1. The key
C,s-dihydroxy aldehydeB having a desired stereochemistry were envisioogadpare via Sharpless
asymmetric epoxidation of geraniol and nerol arlisegquent regio- and stereoselective acidic
hydrolysis of epoxide€ andD.
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Scheme 1Synthetic plan for lycopene-5,6-diotsa(b and2a,b) and
y-carotene-5',6’-diols3a,b and4a,b).

Synthetic routes fogrythrg(anti)-lycopene-5,6-diolsl(a,b) anderythrqanti)-y-carotene-5’,6’-diols
(3a,b) are shown in Scheme 2. The Sharpless asymmetriddation of geraniol afforded
(25,39)-epoxygeranioBaand (R,3R)-8b in good yields ™ However, their reported enantiomeric
purities are moderate (81-91% &&jIn order to improve them, these alcohols wereestibfl to
3,5-dinitrobenzoylation and subsequent recrystgilin from methanol to give benzoafizsand9b as
needles with 98% ee, respectively. These enantioragcesses were determined by HPLC analysis
[CHIRALPAK ID; Daisel, EtOH-hexane (2:8), 30 °C].

The (539-benzoat®awas next treated with aqueous perchloric acid,-dimethylformamide
(DMF)"*3to provide the desireahti-diol 10a(66%), accompanied by its formatea (21%). Their
stereochemistries were confirmed by transformatitmthe known triotL2a* by treatment with
methanol in the presence of triethylamtfidnti-configuration oflOawas also confirmed as
mentioned later. Attempted conversion of the foedadfato the diollOawas unsuccessful. Thus, the
epoxide9a was treated with catalytic amountmfolutenesulfonic acidpt TsOH) in MeCN-HO
under heating to provide tlaati-diol 10ain 74% yield, accompanied by small amount of reced
epoxide. The diolOawas next converted into aldehyti4a by the sequence of acetonide-protection
of the diol moiety, alkaline hydrolysis and Dessthfaoxidation. NOESY experiments of aldehyde
14ashown in Scheme 2 indicated that the configuradiotiie diol moiety inlOais erythrganti) form
and thus the epoxide ring & is selectively opened with inversion of configimatat the tertiary
y-position.

The Gg-aldehydel4awas then condensed with-Ghosphonaté5, the resulting g-dienoatel6a
was subjected to LiAlldreduction followed by Mn@oxidation and subsequent
acetonide-deprotection to provide an isomeric me(@E/9Z ~2/1)"° of dihydroxy aldehydé7a
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without epimerization. Without separation of th@getric isomers, the aldehyd@awas condensed
with Co-phosphonium salt® and then briefly treated with acidic wéfeo afford an isomeric mixture
of Cys-apocarotenal8a As HPLC analysis of this mixture showed thatdhee-isomer was minor,
the mixture was treated with a palladium cataly$to yield a mixture in which the ali-isomer
constituted 51%. After purification by preparati®LC, the resulting alE-apocarotenal8awas
condensed with phosphonium safltand followed by isomerization to giveR%BS)-lycopene-5,6-diol
(14) in 70% yield, as a geometrical isomeric mixtuak-E: 51%). Crystallization from
CH,Cl,-Et,0-hexane afforded ali-isomer of (R,69-1aas a red powder, whodd¢ NMR spectral
data were identical with those of natural carotdrisdlated from gatWhereas the apocaroteri@a
was condensed with phosphonium §4lio afford (5R,6’S)-y-carontene-5’,6'-diol 3a), whose'H
NMR spectral data were good accordance with thbsataral carotenoid.

The antipodes G6R)-1b and (556'S)-3b were synthesized in a similar fashion from
(2R,3R)-epoxygeranyl benzoa8b.

L-(+)-DET, Ti(OPr),
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17a 2) PdCI,(MeCN) « OSH s sl s s cHo 70% (all-E: 51%)
74% (all-E: 51%) A 6, NaOMe
OH ——T1..> (5R6'S)3a
18a 31% PdCl,(MeCN),
M other isomers 29%
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R
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Scheme 2Synthesis oérythralycopene-5,6-diolsla,b) anderythro-y-carotene-5',6’-diols a,b).
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Next,threq(syn-lycopene-5,6-diols2a,b) andthredsyn-y-carotene-5’,6'-diols4a,b) were
synthesized starting from optically active 2,3-epwerols19a,b™°*°as shown in Scheme 3. The
reported enantiomeric purities of 2,3-epoxynefda,bprepared by Sharpless asymmetric
epoxidation are lower (62—77% &Y than those of 2,3-epoxygerania,b (81-91% ee§™*
Although Moriet al™® reported that enantiomeric purities can be impidwerepeated
recrystallization of their 3,5-dinitorobenzoa®a,band chromatographic purification of the crude
products obtained from the mother liquor, this focation is troublesome. We found that
recrystallization of 2,3-dihydroxyneryl 3,5-dinitvenzoate®1a,h prepared by acidic hydrolysis of
2,3-epoxyneryl benzoaf0a,b from methanol-water (4:1) directly afford enantierically pure
crystals (97-99% ee). These enantiomeric excessesdetermined by HPLC analysis [CHIRALPAK
IA; Daisel, 2-PrOH-hexane (3:7), 30 °C].

In the same procedure as preparatioargthro(anti)-carotenoidd.a,b and3a,b, 2,3-dihydroxyneryl
benzoate21a,bwere transformed inthreasyn-lycopene-5,6-diolsda,b) and
threo(syr)-y-carotene-5’,6'-diols4a,b), whose'H NMR spectral data were identical with those of
natural carotenoid isolated from ga€heir synconfigurations were confirmed by NOESY
experiments of aldehyd®ashown in Scheme 3.

L-(-)-DET, Ti(OPr), ) p-TsOH
'BUOOH, MS4A 0 MeCN-H,0,A « _‘OSH
S = 98% (69% ee) S R s 83% §~Y" "ODNB
nerol OH OR 21a OH
DNBCI, Et;N, DMAP 19a:R =H 99% ee after recrystallization
99% 20a: R = DNB
1) 2,2-dimethoxypropane, p-TsOH HaC 1)14,"BuLi, DMPU
2) aq. KOH b, O\"CHs o) i, OH
21a A TAW D) > ™ N Xy CHO
3) Dess-Martin periodinane Y 2 c 3) MnO,, Y
“H 4) ag. H,S0,, THF, A OH
73% 22a OHC )aq- H250, 23a (E/Z ~211)
NOE 49%
1) 5, NaOMe
-2
1) 7, NaOMe 2) PdCl(MeCN) (6565)-2a
then H,0* OH
a —————» A NN CHO 78% (all-E: 54%)
2) PACI,(MeCN
) PAClo(MeCN), EW 6, NaOMe e
74% (all-E: 54%) 243 ———_—> (5'S6'S)}-4a
28% PdCl,(MeCN),
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D-(-)-DET, Ti(OPr), p-TsOH 9y
herol __BUOOH, MSaA " MeCN-H0, A w — > (5R6R)2b
99% (70% ee) 88% R ODNB > (5'5,6'S)-4b
210 OH
DNBCI, Et;N, DMAP 19b: R H 99% ee after recrystallization

90% 20b: R =DNB

Scheme 3Synthesis ofhreclycopene-5,6-diols3a,b) andthrecy-carotene-5',6’-diols4a,b).



Next, HPLC conditions for identification of eaehantiomerda,b-4a,b were established by using
a column carrying a chiral stationary phase as shavrigs. 3 and 4. Diasteromela,b and2a,b and
also3a,b and4a,b can be easily separated by usual silica gel HP&IGnin® Thus combination of
two HPLC conditions enables to identify two abselabnfigurations, being applicable to a natural

product®

if it is available.

In sumarry, we succeeded in the total synthddigcopene-5,6-diol sterecisomerka(b) and @a,b)
and y-carotene-5',6’-diol stereoisomerS8g,b) and @a,b) in a stereospecific manner. Relative
stereochemistries of the diol moiety of naturaldorets could be confirmédy comparison of their
NMR spectral data with those of synthetic sampieLC separation methods for each enantiomers
were also establised toward deteremination of theolate stereochemistries of natural products.
These synthetic carotenoids were expected to beasefel authentic samples not only for the further
studies of metabolisms of lycopene ancdarotene in various tissues but also for the itigaBon of

their physiological functions.

(5R.6S)-1a (5S,65)-2a
(5R.6R)-2b
(5S,6R)-1
» U\_J v
10 20 (min) s 20 (min)

Fig. 3. HPLC elution profiles of lycopene-5,6-diol stergminers {a,b) and @a,b). Column:
CHIRALPAK AD-H (daicel) 0.46x 25 cm; elutent: 2-PrOH-hexane (15:85); flow rdt€ mL/min;
temperature: 25 °C; detection: 450 nm.

(5'R,6'S)-3a
(5'S,6'R)-3b (5’S,6'S)-4a
(5R,6'R)-4b

10 15 20 (min) 10 15 20 (min)
Fig. 4. HPLC elution profiles of-carotene-5’,6’-diol stereoisomer3g,b) and éa,b). Column:
CHIRALPAK AD-H (daicel) 0.46x 25 cm; elutent: 2-PrOH-hexane (15:85); flow r&t& mL/min;
temperature: 25 °C; detection: 450 nm.



3. Experimental

3.1 General

UV-VIS spectra were recorded on a JASCO V-650 umsént. IR spectra were measured on a
Perkin-Elmer spectrum 100 FT-IR spectrometet.and **C NMR spectra were determined on a
Varian Gemini-300 or a VXR-500 superconducting FIVHRI spectrometer. The chemical sifts are
expressed in ppm relative to tetramethylsilahe () as internal standard ff NMR and CDC} (5 =
77.0) for3C NMR. Mass spectra were taken on a Thermo Fishiemfific Exactive spectrometer.
Optical rotations were measured on a JASCO P-220tarpmeter and CD spectra on a
Shimadzu-AVIN 62A DS circular dichroism spectrontete

Flash column chromatography (CC) was performedising Kanto Silica Gel 60 N. Preparative
HPLC was carried out on a Shimadzu LC-6A with a UN5 detector.

All operations were carried out under nitrogeraggon. Evaporation of the extract or the filtrate
was carried out under reduced pressure. In soldrdction procedure, organic layer was dried over
anhydrous Ni£50O,. Ether refers to diethyl ether, and hexanenfoexane. NMR assighments of
Cis-esterl6, Cis-aldehydesl7 and 23, Cys-apocarotenald8 and 24, and carotenoidd—4 are given
using the carotenoid numbering system.

3.1.1. (2S,3S)- and (2R,3R)-3-Methyl-3-(4-methyiBean-1-yl)oxiran-2-yl)methyl
3,5-dinitorobenzoat®a,b. (2S3S)-Epoxygeraniol8a (84% ee) and R 3R)-epoxygeraniolBb (88%
ee) were prepared according to the known Sharplegmimetric epoxidation method of gerarfiot.
To a stirred solution of @3S9)-8a (84% ee; 9.30 g, 54.7 mmol),s8t(11.4 mL, 82 mmol) and DMAP
(2133 mg, 1.1 mmol) in dry Ci&l, (60 mL) was added 3,5-dinitrobenzoyl chloride 218, 57.3
mmol) in some portions at 0 °C and the mixture stsed for a further 30 min. After G&l, was
evaporated off, the resulting mixture was dilutethvAcOEt and washed with water and then brine.
The organic layer was dried and evaporated to givesidue, which was purified by flash CC
(AcOEt-hexane, 1:3) to provide the benzod&a (19.33 g, 97%) as a pale yellow solid.
Recrystallization from MeOH (90 mL) gave 16.03 g(2639-9a (99% ee) as a pale yellow needle.
(2R,3R)-9b was also prepared (97%) by the same procedureeitiatiomeric purities dda and9b
were established by chiral HPLC [CHIRALPAK ID 0% cm (Daicel), EtOH-hexane (2:8) 1.0
mL/min, 30°C;9a: 15.2 min,9b: 20.5 min].

(2539-9a mp 62—63 °C; d]p?’ —19.9 € 1.00, CHCY); IR (CHCE) v 1737 (CO), 1549 and 1346
(NO,) cnmi’; *H NMR (300 MHz, CDCJ) d1.40 (3H, s, Ch), 1.55 (1H, dddJ=7.5, 9.5, 14 Hz) and
1.74 (1H, ddd,)=5.5, 7, 14 Hz) (Ch, 1.63 and 1.68 (each 3H, brgemCH,), 2.13 (2H, br qJ= 7
Hz, CH,), 3.19 (1H, ddJ=3.5, 7.5 Hz, OCKCH), 4.40 (1H, ddJ=7.5, 12.5 Hz) and 4.75 (1H, dd,
J=3.5, 12.5 Hz) (OCH), 5.10 (1H, tsept)=7, 1.5 Hz, =CH), 9.21 (2H, d=2 Hz, ArH), 9.25 (1H, t,
J=2 Hz, ArH);"*C NMR (75 MHz, CDC}) §116.96, 17.64, 23.55, 25.64, 38.15, 59.14, 60.88%5
122.59, 122.95, 129.53x%), 132.44, 133.38, 148.64<3), 162.41; HRMS (ESInvVz calcd for
Ci7H,00;N;Na [M+Na]" 387.1163, found 387.1161.

8



(2R,3R)-9b: mp 62—64 °C:¢]p?* +17.8 € 1.00, CHC}); HRMS (ESI)m/z calcd for G/H,g0-N,Na
[M+Na]* 387.1163, found 387.1161.

3.1.2. Treatment of (2S,3S)-epoxy benz®&@atavith agqueous perchloic acid in DMRn agueous
solution of HCIQ (60%; 1.50 mL) was added slowly to a stirred sotutof (2539-9a (3.64 g, 10
mmol) in DMF (20 mL) at 0 °C. After being stirred & for 15 h, the mixture was poured into
saturated ag. NaHGQand extracted with AcOEt. The extracts were waskihl brine, dried and
evaporated to give a residue, which was purifiedflagh CC (MeOH-AcOEt-hexane, 1:35:65 to
2:40:60) to provide (@3R)-diol 10a (2.63 g, 66%) and &3R)-formatella (875 mg, 21%) as pale
yellow viscous oils, respectively.

(2S3R)-10a [a]p?* —11.7 € 0.98, CHCY); IR (CHCL) v 3564 (OH), 1735 (CO), 1549 and 1345
(NO,) cnm™ *H NMR (300 MHz, CDCJ) -1.33 @H, s, CH), 1.48 and 1.75 (each 1H, m, §H1.65
and 1.70 (each 3H, br gemCH,), 2.14 (1H, s, OH), 2.14 (2H, m, GK12.71 (1H, dJ=5 Hz, OH),
3.89 (1H, dddJj=2.5, 5.5, 8.5 Hz, BOH), 4.50 (1H, ddJ=8.5, 11.5 Hz) and 4.66 (1H, dds2.5,
11.5 Hz) (OCH), 5.15 (1H, tsept)=7, 1 Hz, =CH), 9.18 (2H, dI=2 Hz, ArH), 9.24 (1H, t)=2 Hz,
ArH); °C NMR (75 MHz, CDC)) J-17.72, 21.98, 23.41, 25.68, 37.13, 67.85, 73.8%5/5122.53,
123.72, 129.52xX2), 132.73, 133.60, 148.623), 162.90; HRMS (ESIz calcd for G;H,,0sN,Na
[M+Na]* 405.1268, found 405.1265.

(2S3R)-11a [a]p?® -3.5 € 1.09, CHC)); IR (CHCL) v 3598 and 3492 (OH), 1734 (CO), 1550 and
1345 (NQ) cm™ 'H NMR (300 MHz, CDCJ) 0-1.31 @H, s, CH), 1.57-1.72 (2H, m, CH) 1.66
and 1.71 (each 3H, brgemCHz), 1.92 (1H, br s, OH), 2.16 (2H, br 7.5 Hz, CH), 4.53 (1H, dd,
J=9, 12 Hz) and 4.96 (1H, dds2, 12 Hz) (OCH), 5.14 (1H, tsept)=7, 1 Hz, =CH), 5.40 (1H, br dd,
J=2, 9 Hz, (HOCHO), 8.21 (1H, s, OCHO), 9.12 (2H, #2.5 Hz, ArH), 9.22 (1H, tJ)=2.5 Hz,
ArH); °C NMR (75 MHz, CDCJ) d-17.73, 21.91, 23.28, 25.69, 38.40, 65.31, 73.145/5122.55,
123.23, 129.51 %2), 133.16, 133.35, 148.66<3), 160.26, 162.39; HRMS (EShvz calcd for
CigH2:0N;Na [M+Na] 433.1218, found 433.1219 .

3.1.3. Hydrolysis of epoxy benzoa8zsb by use of p-TsOH in acetonitril& solution of (Z5,39)-9a
(3.30 g, 9.1 mmol) ang-TsOH*H0 (172 mg, 0.90 mmol) in MeCN (33 mL) and® (3.3 mL) was
heated at 50 °C for 1.5 h. After cooling, NaHZ®20 mg) was added to this mixture and MeCN was
evaporated off. The resulting mixture was dilutethwAcOEt and washed with brine. The organic
layer was dried and evaporated to give a residnghmvas purified by flash CC (AcOEt-hexane, 2:3)
to provide (&,3R)-10a(2.58 g, 74%) as a pale yellow viscous oil. lteddpal data were identical with
those described above R 39)-10bwas also prepared (74%) by the same procedure.

(2R,39-10b: [a]p? +7.3 € 1.02, CHCJ}); HRMS (ESI)m/z calcd for GH»,0OsN,Na [M+Na]
405.1268, found 405.1265.

3.1.4. Treatment of (2S,3R)-dihydroxy benzd8gewith methanol in the presence of triethylamifie.
a solution of (8,3R)-10a (100 mg, 0.26 mmol) in MeOH (5 mL) was addedN\E¢0.5 mL) and the
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mixture was stirred at rt for 30 min. The solverasaevaporated off and the resulting residue was
purified by flash CC (AcOEt-hexane, 1:1 to MeOH-Afichexane, 4:50:50) to provide§2R)-triol

12a (46 mg, 92%) as a colorless oil. fid and**C NMR spectral data were identical with those
reported’ [a]p?* —10.8 € 0.92, CHC)), lit*! [a]p* —6.7 € 1.05, CHC)).

3.1.5. Treatment of (2S,3R)-formdtka with methanol in the presence of triethylamilmethe same
manner as described aboveS@R)-11a (95 mg, 0.23 mmol) was treated withsEt(0.1 mL) in
MeOH (5 mL) to provide (83R)-12a (42 mg, 95%) as a colorless oil. 4 and**C NMR spectral
data were identical with those reportéf]p?* —10.8 € 0.88, CHC)).

3.1.6. (4S5R)- and (4R,58p,5-Trimethyl-5-(4-methylpent-3-en-1-yl)-1,3-ditan-4-yl)methyl
3,5-dinitrobenzoatd 3a,b. A solution of (Z3R)-10a(1.20 g, 3.14 mmol) ang-TsOHsHO (12 mg,
0.06 mmol) in acetone (8 mL) and 2,2-dimethoxypr@p@3 mL) was heated at 60 °C for 30 min.
After cooling, the mixture was poured into satutdatg). NaHCQ@ and extracted with ACOEt. The
extracts were washed with brine, dried and evapdrad give a residue, which was purified by flash
CC (AcOEt-hexane, 1:4) to provide§8R)-13a (1.26 g, 95%) as a pale yellow solidR(8S)-13b
was also prepared (86%) by the same procedure.

(4S5R)-13a [a]p? +4.0 € 1.02, CHCY); IR (CHCL) v 1737 (CO), 1549 and 1345 (Ma@m™; *H
NMR (300 MHz, CDC})) d11.27 and 1.67 (each 1H, m, @H1.39, 1.43 and 1.49 (each 3H, s,
CH3x3), 1.64 and 1.70 (each 3H, brggmCHz), 2.01-2.31 (2H, m, CHi, 4.17 (1H, t,J=5.5 Hz,
OCH,CH), 4.55 (2H, dJ=5.5 Hz, OCH), 5.13 (1H, tsept)J=7, 1 Hz, =CH), 9.19 (2H, d]=2 Hz,
ArH), 9.25 (1H, t,J=2 Hz, ArH);**C NMR (75 MHz, CDC}) d117.59, 21.71, 23.04, 25.66, 27.08,
28.28, 35.18, 65.13, 81.39, 81.61, 108.57, 122139,80, 129.5742), 132.10, 133.39, 148.633),
162.43; HRMS (ESI/z calcd for GoH»70gN» [MH]* 423.1762, found 423.1763.

(4R,59-13b: [0]p?® 1.1 € 1.03, CHC)); HRMS (ESI)m/z calcd for GeH»70sN, [MH]* 423.1762,
found 423.1762.

3.1.7. (4R,5R)- and (4S,5S)-2,2,5-Trimethyl-5-(4hyipent-3-en-1-yl)-1,3-dioxolane-4-carbaldehyde
14a,b. To a solution of (85R)-13a(3.40 g, 8.46 mmol) in EtOH (40 mL) was added drisp 10%
ag. KOH (9 mL) and the mixture was stirred for ghler 10 min. After EtOH was evaporated off, the
resulting mixture was poured into water and exgdawith ACOEt. The extracts were washed with
brine, dried and evaporated to give a crude algolwbich without purification was dissolved in
CH.CI, (40 mL). To this solution was added Dess-Martimiquénane (4.17 g, 9.88 mol) in some
portions at rt and the mixture was stirred for ghfer 20 min. After CHCI, was evaporated off, the
resulting mixture was diluted with & and filtered through a pad of Celite. The fikralvas
evaporated to afford a residue, which was purifigdlash CC (AcOEt-hexane, 1:4 to 1:3) to provide
(4R,5R)-14a(1.42 g, 78% froni3a) as a colorless oil. @59-14b was also prepared (76% fraib)
by the same procedure.

(4R,5R)-14a [0]p?° +100.6 ¢ 1.02, CHCY); IR (CHCL) v 1734 (CO) cmt; *H NMR (500 MHz,
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CDCly) d71.33 (1H, dddJ=5, 11.5, 13.5 Hz) and 1.59 (1H, m) (§H1.41 and 1.55 (each 3H, s,
gemCHy), 1.43 (3H, s, Ck), 1.59 and 1.67 (each 3H, brggmCHy), 1.99-2.15 (2H, m, CHi, 4.11
(1H, d,J=2 Hz, CHCHO), 5.06 (1H, tsept)=7.5, 1.5 Hz, =CH), 9.75 (1H, d=2 Hz, CHO);"*C
NMR (125 MHz, CDC)) d117.56, 22.03, 24.59, 25.62, 27.05, 28.04, 36.58%37.93, 109.96,
123.59, 132.04, 200.35; HRMS (E®jz calcd for GzH,,0sNa [M+Na] 249.1461, found 249.1462.

(4S59-14b: [a]p** —103.0 € 0.98, CHCY); HRMS (ESI) mVz calcd for GsH,,0sNa [M+Na]
249.1461, found 249.1460.

3.1.8. Preparation of (5R,6S)- and (5S,6R3}-Dienoatel6a,b. To a stirred solution of phosphonate
15(3.31 g, 12.5 mmol) and,N’-dimethylpropyleneurea (DMPU) (3.0 mL, 25 mmol)diry THF (25
mL) was added dropwigeBuLi (1.63 M in hexane; 7.9 mL, 12.9 mmol) at “ZDand the mixture
was stirred for a further 20 min. A solution oR8R)-14a(1.42 g, 6.28 mmol) in dry THF (7 mL)
was then added dropwise to this solution at —20AT@r being stirred at —20 °C for a further 20 min
the mixture was poured into saturated aq.Glthnd extracted with ACOEt. The extracts were wdsh
with brine, dried and evaporated to give a resigdech was purified by flash CC (AcOEt-hexane,
15:85) to afford an isomeric mixturefZ ~1/1) (R,69)-16a(1.96 g, 93%) as a colorless oil.
(5S,6R)-16b was also prepared (89%) by the same procedure.

(5R,69-16a IR (CHCL) v 1704 (CO), 1642 and 1612 (C=C) ¢mH NMR (300 MHz, CDC})
011.20 and 1.60 (each 1H, m, 4)H1.29 (3H, tJ=7 Hz, CHCHs), 1.39, 1.40 and 1.48 (each 3H, s,
CH3x3), 1.60 and 1.68 (each 3H, brggmCHs), 2.02 and 2.29 (each 3/2H,X1 Hz, 9-CH), 1.95-
2.24 (2H, m, 3-H), 4.17 and 4.18 (each 1H, 87 Hz, OM,CH,), 4.32 and 4.36 (each 1/2H, br d,
J=7.5 Hz, 6-H), 5.09 (1H, br }=7 Hz, 2-H), 5.73 and 5.82 (each 1/2H, br s, 10643 and 6.05
(each 1/2H, ddJ=7.5, 16 Hz, 7-H), 6.39 and 7.84 (each 1/2HJ=l6 Hz, 8-H); HRMS (ESIymWz
calcd for GoH3,04Na [M+Na]" 359.2193, found 359.2191.

(5S6R)-16b: HRMS (ESI)m/z calcd for GgH3;0,Na [M+Na] 359.2193, found 359.2191.

3.1.9. Preparation of (5R,6S)- and (5S,6R}-Dienal 17a,b. A solution of (42,69-16a(1.10 g, 3.27
mmol) in dry EtO (7 mL) was added dropwise to a stirred susperaficmAlH 4 (124 mg, 3.26 mmol)
in dry EO (20 mL) at 0 °C. After being stirred at O °C fdF min, the excess of LiAlHvas
decomposed by dropwise addition of water. The méxtuas filtered through a pad of Celite and the
filtrate was dried and evaporated. This was diggbin EtO (20 mL) and hexane (20 mL) and stirred
with MnO, (7 g) at rt for 1 h. After Mn@was filtered off, the filtrate was concentratedjiee the
crude aldehyde. This was dissolved in THF (20 nmigd B,SO, (3M in water; 4 mL), and the mixture
was heated at 80 °C for 2h. After cooling, the om&twas neutralized with saturated agq. NaH &
extracted with AcOEt. The extracts were washed tithe, dried and evaporated to give a residue,
which was purified by flash CC (acetone-hexane) tiprovide an isomeric mixtur&{Z ~2/1) of
(5R,69-17a(498 mg, 60% fronl6a) as an yellow-brown viscous oil. $®R)-17b was also prepared
(60% from16b) by the same procedure.
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(5R,69-17a IR (CHCL) v3611, 3566 and 3454 (OH), 1665 (CO), 1634 and 169€) cm™; 'H
NMR (300 MHz, CDC}) d11.25 (2H) and 1.27 (1H) (each s, 5-H..37 and 1.62 (each 1H, m,
4-H,), 1.63 and 1.69 (each 3H, brggmCHj), 2.05 (2/3H) and 2.18 (1/3H) (each s, OH), 2214,(m,
3-H,), 2.10 (1H) and 2.28 (2H) (eachd;1 Hz, 9-CH), 4.12 (1H, m, 6-H), 5.12 (1H, briz7.5 Hz,
2-H), 5.91 (1/3H) and 5.98 (2/3H) (each bdd8 Hz, 10-H), 6.23 (1/3H) and 6.31 (2/3H) (each dd,
J=8, 15.5 Hz, 7-H), 6.48 (2/3H) and 7.36 (1/3H) (ed¢J=15.5 Hz, 8-H), 10.13 (2/3H) and 10.20
(1/3H) (each dJ=8 Hz, CHO); HRMS (ESIjw'z calcd for GsH,,OsNa [M+Na] 275.1618, found
275.16109.

(5S6R)-17b: HRMS (ESI)m/z calcd for GsH,403Na [M+Na] 275.1618, found 275.1617.

3.1.10.Preparation of (5R,6S)- and (5S,6R)@pocarotenall8a,b. Trimethyl orthoformate (4 mL)
and an acidic solution (1.0 mL) prepared frpfisOH*H,0O (500 mg) and KPO, (700 mg) in MeOH
(35 mL) were added to a solution of phosphoniurn&44.70 g, 10. 5 mmol) in MeOH (20 mL) and
the mixture was stirred at rt for 2 h. The resgtiolution of phosphonium sait was neutralized
with NaOMe until just before a red color of an @idppeared and a solution oR(69)-17a(E/Z ~2/1.
630 mg, 2.50 mmol) in C}€l, (5 mL) and then NaOMe (650 mg, 12.0 mmol) wereeadd it. After
being stirred at rt for 30 min, the mixture was leed by saturated aq. WE and extracted with
AcOEt. The extracts were shaken with 3% aq. HGtéwilrhe organic layer was washed with brine,
dried and evaporated to give a residue, which wiaged by flash CC (acetone-G8al,, 12:88 to
MeOH-acetone-CkCl,, 2:15:85). The resulting isomeric mixture of consied products was
dissolved in THF (2 mL) and MeCN (60 mL), and ausioin (20 mL) prepared from Pd{V1eCN),
(26 mq), E4N (14 uL) and water (2.4 mL) in MeCN (17.6 mL) was added t After being stirred at
rt for 2 h, the solvent was evaporated off to givesidue, which was purified by flash CC
(MeOH-acetone-CkCl,, 2:15:85) to afford an isomeric mixture (&lisomer: 54% from HPLC
analysis) ofl8a (751 mg, 78% froml74d). Preparative HPLC purification [Cosmosil 5SL-8i0,)

2x25 cm; acetone-Ci€l,-hexane, 1:7:3] yielded alt-isomer of (R,65)-18a (314 mg, 33% from
173 and other isomeric mixture @Ba (395 mg, 41 % froml74a) as a red-orange foam, respectively.
(5S,6R)-18b was also prepared (dHsomer: 38% fromi7b after preparative HPLC) by the same
procedure.

(5R,69-18a UV-VIS (EtOH) A 420 nm; IR (CHG) v 3601 and 3562 (OH), 1660 (CO), 1600 and
1551 (C=C) cm’; *H NMR (500 MHz, CDC)) §11.23 (3H, s, 5-Ch), 1.38 (1H, dddJ=5.5, 11, 14
Hz) and 1.63 (1H, m) (4-), 1.62 and 1.69 (each 3H, brggmCHj), 1.89 (3H, br s, 13'-C}}, 1.95
(3H, br s, 9-CH), 2.04 (3H, br s, 13-C}l, 2.04-2.18 (2H, m, 3-, 2.11 (1H, br s, 5-OH), 2.20 (1H,
br d,J=4 Hz, 6-OH), 4.03 (1H, ddl=4, 7.5 Hz, 6-H), 5.12 (1H, br §=6.5 Hz, 2-H), 5.81 (1H, dd,
J=7.5, 16 Hz, 7-H), 6.21 (1H, br d&:11 Hz, 10-H), 6.32 (1H, br d=12 Hz, 14-H), 6.39 (1H, d=16
Hz, 8-H), 6.39 (1H, dJ=15.5 Hz, 12-H), 6.70 (1H, dd=12, 14.5 Hz, 15'-H), 6.75 (1H, dd=11,
15.5 Hz, 11-H), 6.96 (1H, br d=12 Hz, 14’-H), 7.03 (1H, dd}=12, 14.5 Hz, 15-H), 9.46 (1H, s,
CHO); *C NMR (125 MHz, CDGCJ)) 519.60 (13-CH), 13.02 (13-Ch), 13.09 (9-CH), 17.66
(1-CHg), 22.02 (C3), 23.40 (5-C§{ 25.70 (1-CH), 36.55 (C4), 74.84 (C5), 79.60 (C6), 124.40 (C2),
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127.09 (C11), 127.41 (C7), 127.69 (C15’), 131.444); 132.00 (C1), 132.22 (C10), 136.19 (C9),
137.05 (C13’), 137.48 (C15), 137.55 (C8 and C12)1.39 (C13), 148.82 (C14’), 194.52 (CHO);
HRMS (ESI)m/z calcd for GsH3¢O3Na [M+Na] 407.2557, found 407.2559.

(5S6R)-18b: HRMS (ESI)m/z calcd for GsHscOsNa [M+Na] 407.2557, found 407.2548.

3.1.11. Preparation of (5R,6S)- and (5S,6R)-eryttyoopene-5,6-diala,b. To a solution of
phosphonium saB® (2.30 g, 4.0 mmol) in C}l, (13 ml) was added NaOMe until just before a red
color of an ylide appeared and a solution and atisol of (R,69)-18a (250 mg, 0.65 mmol) in

CH.CI, (7 mL) and then NaOMe (1M in MeOH; 5.0 mL, 5.0 m)nwoeere added to it. After being
stirred at rt for 40 min, the mixture was quenchgdaturated aq. Ni€I and extracted with ACOEt.
The extracts were washed with brine, dried and enaded to give a residue, which was purified by
flash CC (AcOEt-hexane, 35:65 to MeOH-ACOEt-hex&h40:60). The resulting isomeric mixture of
condensed products was dissolved in THF (5 mL)Me@N (40 mL), and a solution (8 mL) prepared
from PdCi(MeCN), (26 mg), E4N (14 uL) and water (2.4 mL) in MeCN (17.6 mL) was addedtt
After being stirred at rt for 2 h, the solvent veasporated off to give a residue, which was pudibg
flash CC (MeOH-AcOEt-hexane, 3:40:60) to affordsmsmeric mixture (alE-isomer: 51% from
HPLC analysis) ola (259 mg, 70% froni8a) as a red solid. Crystallization from
CH,CI,-Et,0O-hexane afforded ali-isomer of (R,6S)-1a (78 mg, 21% froni8a) as a red powder.
(5S,6R)-1b was also prepared (dHsomer: 10% frond 8b after crystallization) by the same
procedure!H NMR spectra ofla,bwas identical with a natural specinten.

(5R,69-1a: UV-VIS (EtOH) A 280, 431, 456, 488 nm; CD (6.04x10nol/L, EtOH) A(Ag) 205
(-0.03), 250 (-1.09), 270 (-2.48), 272 (—2.20), g7R11), 322 (0), 331 (+0.50), 344 (+0.83), 352 (O
'H NMR (500 MHz, CDC}) d11.22 (3H, s, 5-Ch), 1.38 (1H, dddJ=5.5, 11, 14 Hz) and 1.63 (1H,
m) (4-H,), 1.62 and 1.69 (each 6H, brggmCHsx2), 1.82 (3H, br s, 5’-CkJ, 1.92 (3H, br s, 9-C}),
1.97 (9H, br s, 9'-CH 13-CH; and 13'-CH) 2.03-2.16 (6H, m, 3-513'-H, and 4’-H,), 2.06 (1H, s,
5-OH), 2.07 (1H, br dJ=3.5 Hz, 6-OH), 4.02 (1H, br dd=3.5, 7 Hz, 6-H), 5.11 and 5.12 (each 1H,
m, 2-H and 2'-H), 5.74 (1H, dd=7, 16 Hz, 7-H), 5.95 (1H, br d=11.5 Hz, 6’-H), 6.18 (1H, br d,
J=11.5 Hz, 10-H), 6.20 (1H, br d}=11.5 Hz, 10-H), 6.25 (1H, d}=15.5 Hz, 8'-H), 6.25 (1H,
overlapped, 14’-H), 6.27 (1H,overlapped, 14-H),5%(2H, d,J=15 Hz, 12’-H), 6.38 (2H, dJ=15.5
Hz, 8-H and 12-H), 6.50 (1H, dd=11.5, 15.5 Hz, 7’-H), 6.59 (1H, dd=11.5, 15 Hz, 11-H), 6.60—
6.68 (2H, m, 15-H and 15’-H), 6.65 (1H, di#:11.5, 15 Hz, 11’-H);*C NMR (125 MHz, CDG))
d112.80 (13-CH and 13'-CH), 12.92 (9'-CH), 13.02 (9-CH), 16.98 (5-CH), 17.68 and 17.71
(1-CH; and 1'-CH), 22.07 (C3), 23.44 (5-C§ji 25.71 and 25.72 (1-GHand 1'-CH), 26.71 (C3),
36.63 (C4), 40.25 (C4"), 74.85 (C5), 79.79 (C6)3.8B (C2), 124.49 and 124.51 (C2 and C11),
124.90 (C7’), 125.34 (C11’), 125.73 (C6’), 126.247}, 129.88 and 130.51 (C15 and C15%), 131.50
(C10", 131.77 and 131.95 (C1 and C1’), 132.50 (§71432.87 (C10), 133.21 (C14), 134.28 (C9),
135.39 (C8’), 136.19 and 136.32 (C13 and C9’), 886C13"), 137.29 (C12’), 137.95 (C8), 138.57
(C12), 139.59 (C5’); HRMS (ESHvz calcd for GgHsgO,Na [M+Na] 593.4329, found 593.4326.

(556R)-1b: CD (5.91x10° mol/L, EtOH)A(Ag) 226 (0), 250 (—0.65), 270 (+0.96), 272 (+0.86)9 2
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(+2.20), 289 (0), 330 (-0.90), 344 (-1.19), 382.19% HRMS (ESI)m/z calcd for GoHssO.Na
[M+Na]* 593.4326, found 593.43109.

3.1.12. Preparation of (5'R,6’S)- and (5'S,’6R)-tmp-)-Carotene-5',6’-diol3a,b. To a solution of
phosphonium sai’ (820 dg, 2.13 mmol) in Ci€l, (5 ml) was added NaOMe until just before a red
color of an ylide appeared and a solution and atisol of (R,69)-18a (165 mg, 0.43 mmol) in
CH.ClI, (7 mL) and then NaOMe (1M in MeOH; 2.8 mL, 2.8 nijnwere added to it. After being
stirred at rt for 20 min, the mixture was quenchgdaturated aq. Ni€I and extracted with AcOEt.
The extracts were washed with brine, dried and @naded to give a residue, which was purified by
flash CC (AcOEt-hexane, 35:65 to MeOH-AcOEt-hex&h40:60) and preparative HPLC [Cosmosil
5SL-II (Si0,) 2x25 cm; MeOH-EfO-hexane, 0.3:35:60] to provide &lisomer of (5R,6'S)-2a (314
mg, 31% froml8a) as a red power and other isomeric mixtur8af145 mg, 59 % fromi8a). This
isomeric mixture was dissolved in THF (2 mL) and@®Me(20 mL), and a solution (6 mL) prepared
from PdC}(MeCN), (26 mg), E4N (14 uL) and water (2.4 mL) in MeCN (17.6 mL) was addedtt
After being stirred at rt for 2.5 h, the solventssvaporated off to give a residue, which was atif
by flash CC and preparative HPLC described abowdftod all-E-isomer of3a (42 mg, 17% from
18a combined yield, 48%). (56'R)-3b was also prepared (dHsomer: combined yield, 50% from
18b after preparative HPLC) by the same procediiteNMR spectra o8a,bwas identical with a
natural specimen.

(5'R6'S)-3a UV-VIS (EtOH) A 267, 424, 446, 474 nm; CD (8.16xX1@nol/L, EtOH)A(Ag) 210 (-
1.62), 236 (+0.40), 269 (-2.54), 305 (0), 329 (49.855 (+0.03);'H NMR (500 MHz, CDC))
d11.03 (6H, s, gemMe), 1.22 (3H, s, 5'-Ch), 1.38 (1H, dddJ=5.5, 11, 14 Hz, 4'-H), 1.47 (2H, m,
2-H,), 1.59-1.65 (3H, m, 3-Hand 4’-H), 1.62 and 1.68 (each 3H, br sgémMe), 1.72 (3H, br s,
5-CHg), 1.92 (3H, br s, 9’-Ck}, 1.96 (3H) and 1.97 (6H) (each br s, 9CH3-CH; and 13’-CH) 2.02
(2H, br t,J=6.5 Hz, 4-H), 2.07 (1H, s, 5'-OH), 2.08 (1H, d=4 Hz, 6’-OH), 2.05-2.16 (2H, m,
3'-H,), 4.02 (1H, ddJ=4, 7.5 Hz, 6'-H), 5.12 (1H, tsepl=7, 1.5 Hz, 2'-H), 5.74 (1H, dd=7.5, 15
Hz, 7’-H), 6.13 (1H, dJ=15.5 Hz, 8-H), 6.15 (1H, br d=11 Hz, 10-H), 6.18 (1H, br d=15.5 Hz,
7-H), 6.20 (1H, br dJ=11 Hz, 10’-H), 6.25 (1H, br dJ=11 Hz, 14-H), 6.27 (1H, br d=11 Hz,
14’-H), 6.35 (1H, dJ=15 Hz, 12-H), 6.38 (2H, dI=15 Hz, 8-H and 12’-H), 6.59 (1H, dd=11, 15
Hz, 11’-H), 6.60-6.68 (2H, m, 15-H and 15'-H), 6.68H, dd,J=11, 15 Hz, 11-H)}*C NMR (125
MHz, CDCk) d112.78, 12.80 and 12.85 (9-GHL3-CH and 13'-CH), 13.02 (9'-CH), 17.68 and
25.72 (1'gemCHs), 19.29 (C3), 21.77 (5-CH 22.06 (C3’), 23.44 (5'-Ch), 28.99 (1lgemCHy),
33.14 (C4), 34.29 (C1), 36.63 (C4"), 39.67 (C2).8A4(C5"), 79.79 (C6’), 124.46 and 124.51 (C2’ and
C11’), 125.25 (C11), 126.23 (C7’), 126.78 (C7), ¥29(C5), 129.80 and 130.49 (C15 and C15’),
130.81 (C10), 131.99 (C1), 132.30 (C14), 132.86QF 133.20 (C14"), 134.25 (C9’), 136.12 and
136.19 (C9 and C13"), 136.84 (C13), 137.17 (C13),.15 (C8), 137.93 (C6), 137.95 (C8’), 138.57
(C12); HRMS (ESI)m/z calcd for GoHsgO,Na [M+Na] 593.4329, found 593.4325.

(5'S6’'R)-3b: CD (8.09x10° mol/L, EtOH)A(Ag) 213 (+1.38), 240 (-0.79), 269 (+1.80), 290 (0),
327 (-1.14), 354 (—0.34); HRMS (E$Wz calcd for GoHssO,Na [M+Na]" 593.4329, found 593.4332.
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3.1.13. (2S,3R)- and (2R,3S)-3-Methyl-3-(4-metmiiBeen-1-yl)oxiran-2-yl)methyl
3,5-dinitorobenzoat@0a,b. (2S5 3R)-Epoxyneroll9a (69% ee) and 239-epoxyneroll9b (70% ee)
were prepared according to the known Sharpless rasyric epoxidation method of ner8l™® In the
same procedure described for the preparation ofpoand 9a, (2S3R)-19a (69% ee; 4.90 g) and
(2R,39-19b (70% ee; 4.64 g) were converted int&BR)-20a(10.39 g; 99%) and R39-20b (9.88
g; 99%) as a pale yellow solid, respectively. Retaljization of20a (10.39 g) from MeOH (130 mL)
afforded 5.87 g (56% yield) &0a (56% ee) as a pale yellow needle. Evaporatiomefittrate gave
4.60 g (44% vyield) of crud20a (92% ee). The enantiomeric purities2ffaand20b were established
by chiral HPLC [CHIRALPAK ID 0.4&25 cm (Daicel), EtOH-hexane (2:8) 0.7 mL/min, 3020a
19.9 min,20b: 21.8 min]. Thus without recrystallizatioBQaand20b were used in the next step.

(2S3R)-20a IR (CHCL) v 1735 (CO), 1549 and 1346 (MQcm™ *H NMR (300 MHz, CDC))
011.41 (3H, s, CH), 1.52-1.79 (2H, m, CHl 1.65 and 1.71 (each 3H, brggmCHjs), 2.18 (2H, m,
CH,), 3.19 (1H, ddJ=3.5, 7.5 Hz, OCKCH), 4.36 (1H, ddJ=7.5, 12 Hz) and 4.76 (1H, dd3.5, 12
Hz) (OCH,), 5.13 (1H, br tJ=7 Hz, =CH), 9.20 (2H, d]=2 Hz, ArH), 9.25 (1H, t)=2 Hz, ArH);**C
NMR (75 MHz, CDC}) J117.64, 21.95, 24.11, 25.66, 33.28, 60.38, 61.12//5122.59, 122.83,
129.53 &2), 132.81, 133.39, 148.642), 162.43; HRMS (ESIyz calcd for G;H,0/N.Na [M+Na]
387.1163, found 387.1162.

(2R,39-20b: HRMS (ESI)m/z calcd for G;H,00/N,Na [M+Na] 387.1163, found 387.1162.

3.1.14. (2S,3S)- and (2R,3R)-2,3-Dihydroxy-3,7-tiglect-6-en-1-yl 3,5-dinitrobenzoat&la,b. In
the same procedure described for hydrolysis of camg 9a by use ofp-TsOH in acetonitrile,
(25,3R)-20a(69% ee; 7.00 g) and RB3S)-20b (70% ee; 7.00 g) were converted int&85)-21a(6.10
g; 83%) and (R,3R)-21b (6.47 g; 88%) as a pale yellow solid, respectivlyice-recrystallization of
21a,bfrom MeOH-HO (4:1) afforded 2.08 g &1a (99% ee) and 2.31 g @flb (99% ee) as a pale
yellow needle, respectively. The enantiomeric jmgitof 21a and 21b were established by chiral
HPLC [CHIRALPAK IA 0.46x25 cm (Daicel), 2-PrOH-hexane (3.7) 1.0 mL/min,G®1a 16.3 min,
21b: 19.1 min].

(2539-21a mp 117-118 °C;d]p*° —18.2 € 1.00, CHC)); IR (CHCL) v 3571 and 3453 (OH),
1735 (CO), 1549 and 1345 (Mxm™ *H NMR (300 MHz, CDC)) d1.27 (3H, s, Ch), 1.57-1.74
(2H, m, CH), 1.65 and 1.70 (each 3H, brggmCH,), 2.14 (2H, br qJ=7.5 Hz, CH), 2.18 (1H, s,
OH), 2.77 (1H, dJ=5 Hz, OH), 3.92 (1H, dddl=2.5, 5, 8.5 Hz, 6BOH), 4.48 (1H, ddJ=8.5, 11.5
Hz) and 4.76 (1H, ddJ=2.5, 11.5 Hz)(OCH), 5.14 (1H, br tJ=7 Hz, =CH), 9.19 (2H, dJ=2 Hz,
ArH), 9.24 (1H, t,J=2 Hz, ArH):*C NMR (75 MHz, CDCJ) d117.71, 21.89, 22.10, 25.68, 38.87,
67.78, 73.76, 74.64, 122.53, 123.62, 129X%2),(132.69, 133.58, 148.633), 162.84; HRMS (ESI)
m/z calcd for G;H,,0sN;Na [M+Na] 405.1268, found 405.1267.

(2R3R)-21b: mp 115-117 °C; d]p** +16.2 € 0.93, CHCJ); HRMS (ESI) m/z calcd for
Ci7H,,05N;Na [M+Na]" 405.1268, found 405.1267.
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3.1.15. Preparation of (5S,6S)- and (5R,6R)-threo-lycop®stediol 2ab, and (5'S,6'S)- and
(5’'R,’6R)-erythroy+carotene-5’,6'-diol4a,b. In the same procedure described for the preparatio
(5R,69-erythrolycopene-5,6-diol 1a and (5R,6'S-erythroy-carotene-5',6'-diol 3a, threo
lycopene-5,6-diol2a,b and threoy-carotene-5’,6'-diolsdab were prepared from §39-21a and
(2R,3R)-21bvia C-aldehyde®2a,hh C;s-aldehyde®3a,band Gs-apocarotenal24a,h

(4R,59-22a(74% form21a): [a]p?’ +55.4 € 1.24, CHCJ); IR (CHCE) v 1735 (CO) cnt; *H NMR
(500 MHz, CDC}) d1.18 (3H, s, Ch), 1.39 and 1.55 (each 3H,gemCHs), 1.61 and 1.68 (each 3H,
br s,gemCH,), 1.66-1.71 (2H, m, CH, 2.04-2.17 (2H, m, CH\, 4.14 (1H, dJ=2 Hz, CHCHO),
5.10 (1H, tseptJ=1.5, 7.5 Hz, =CH), 9.71 (1H, dl=2 Hz, CHO);"*C NMR (75 MHz, CDC})
d117.64, 22.31, 22.33, 25.63, 27.15, 28.47, 40.36678385.82, 110.05, 123.52, 132.18, 200.73;
HRMS (ESI)m/z calcd for GaH,;03Na [M+Na] 249.1461, found 249.1461.

(4S5R)-22b (73% form21b): [a]p*® —55.2 € 1.00, CHCY); HRMS (ESI)m/z calcd for GsH,,03Na
[M+Na]* 249.1461, found 249.1461.

(55,69)-23a(49% from223): IR (CHCL) v 3606 and 3463 (OH), 1664 (CO), 1634 and 1600 (C=C)
cm; 'H NMR (300 MHz, CDC)) d:1.14 (2H) and 1.15 (1H) (each s, 5-FHL.54-1.62 (2H, m,
4-H,), 1.64 and 1.70 (each 3H, brggmCH;), 2.05 (1/3H) and 2.07 (2/3H) (each s, OH), 2.049)(
and 2.28 (2H) (each d=1 Hz, 9-CH), 2.13 (2H, m, 3-k), 2.43 (2/3H) and 2.48 (1/3H) (each d,
J=3.5 Hz, OH), 4.12 (1H, m, 6-H), 5.14 (1H, bd&7.5 Hz, 2-H), 5.91 (1/3H) and 5.98 (2/3H) (each
br d,J=8 Hz, 10-H), 6.19 (1/3H) and 6.27 (2/3H) (each 3.5, 15.5 Hz, 7-H), 6.47 (2/3H) and 7.36
(1/3H) (each dJ=15.5 Hz, 8-H), 10.13 (2/3H) and 10.20 (1/3H) (ed¢B=8 Hz, CHO); HRMS (ESI)
m/z calcd for GsH,,O3Na [M+Na] 275.1618, found 275.1617.

(5R,6R)-23b (53% from22b): HRMS (ESI)m/z calcd for GsH,,OsNa [M+Na] 275.1618, found
275.1617.

(55,69-24a (all-E-isomer: 36% fronR3a after preparative HPLC): UV-VIS (EtOH) 418 nm; IR
(CHCly) v 3604, 3567 and 3478 (OH), 1661 (CO), 1611, 16aD k651 (C=C) crt; *H NMR (500
MHz, CDCk) d11.14 (3H, s, 5-CH), 1.54 (2H, t,J=8 Hz, 4-H), 1.63 and 1.69 (each 3H, br s,
gemCHz), 1.89 (3H, br s, 13'-Ck), 1.95 (3H, br s, 9-C¥), 2.04 (3H, br s, 13-CHji, 2.12 (2H, br q,
J=8 Hz, 3-H), 2.12 (1H, br s, 5-0OH), 2.26 (1H, br #&2.5 Hz, 6-OH), 4.05 (1H, dd=2.5, 7.5 Hz,
6-H), 5.13 (1H, tsept]=7.5, 1.5 Hz, 2-H), 5.77 (1H, dd=7.5, 15.5 Hz, 7-H), 6.21 (1H, br 8511 Hz,
10-H), 6.32 (1H, br dJ=12 Hz, 14-H), 6.39 (1H, dI=15.5 Hz, 8-H), 6.40 (1H, dI=15 Hz, 12-H),
6.70 (1H, ddJ=11.5, 14.5 Hz, 15'-H), 6.74 (1H, dd&:11, 15 Hz, 11-H), 6.96 (1H, br d711.5 Hz,
14’-H), 7.02 (1H, ddJ=11.5, 14.5 Hz, 15-H), 9.45 (1H, s, CHGJC NMR (125 MHz, CDG)
d19.62 (13'-CH), 13.05 and 13.10 (9-GHand 13-CH), 17.70 (1-CH), 21.43 (5-CH), 22.12 (C3),
25.72 (1-CH), 38.81 (C4), 75.03 (C5), 78.71 (C6), 124.30 (A27.12 (C11), 127.47 (C7), 127.74
(C15), 131.48 (C14), 132.07 (C1), 132.29 (C10)6.22 (C9), 137.11 (C13’), 137.57 and 137.61
(C12 and C15), 137.73 (C8), 141.41 (C13), 148.8»4(); 194.53 (CHO); HRMS (ESiWwz calcd for
CasH3¢O3Na [M+Na] 407.2557, found 407.2557.

(5R,6R)-24b (all-E-isomer: 20% fron23b after preparative HPLC): HRMS (ESt¥z calcd for
CasH3¢03Na [M+Na] 407.2557, found 407.2556.
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(55,69-2a (78% from24afor isomeric mixture, ale-isomer: 24% fronR4a after crystallization):
UV-VIS (EtOH) A 280, 430, 455, 486 nm; CD (5.80%10nol/L, EtOH)A(Ag) 240 (-0.42), 271 (-
2.80), 280 (—4.72), 318 (0), 331 (+0.70), 344 (1).358 (0);'H NMR (500 MHz, CDC})) &11.14
(3H, s, 5-CH), 1.53 (2H, tJ=8 Hz, 4-H), 1.62 (3H), 1.63 (3H) and 1.69 (6H) (each kyerCH;x2),
1.82 (3H, br s, 5'-Ch), 1.92 (3H, br s, 9-C¥), 1.97 (9H, br s, 13-CH9'-CH; and 13’-CH) 2.08 (1H,
s, 5-OH), 2.08-2.14 (6H, m, 3;H3’-H, and 4'-H,), 2.12 (1H, br dJ=3 Hz, 6-OH), 4.04 (1H, dd=3,

8 Hz, 6-H), 5.11 and 5.13 (each 1H, m, 2-H and 2’8470 (1H, ddJ=8, 15.5 Hz, 7-H), 5.95 (1H, br
d, J=11.5 Hz, 6'-H), 6.18 (1H, br d=11.5 Hz, 10’-H), 6.20 (1H, br d=11.5 Hz, 10-H), 6.25 (1H, d,
J=15 Hz, 8-H), 6.25 (1H, overlapped, 14’-H), 6.2IH, overlapped, 14-H), 6.35 (1H, 315 Hz,
12'-H), 6.38 (2H, d,J=15.5 Hz, 8-H and 12-H), 6.50 (1H, d#11.5, 15 Hz, 7’-H), 6.59 (1H, dd,
J=11.5, 15 Hz, 11-H), 6.60-6.68 (2H, m, 15-H and-H% 6.65 (1H, dd,)=11.5, 15 Hz, 11’-H);*C
NMR (125 MHz, CDC}) d112.80, 12.82, 12.92 and 12.99 (9-19'-CH;, 13-CH; and 13'-CH),
16.98 (5’-CH), 17.69 and 17.14 (1-GHand 1'-CH), 21.43 (5-CH), 22.12 (C3), 25.71 (1-GHand
1’-CHj3), 26.70 (C3’), 38.80 (C4), 40.25 (C4"), 75.01 (£38.86 (C6), 123.96 (C2’), 124.35 (C2),
124.48 (C11), 124.89 (C7’), 125.34 (C11"), 125.TBY), 126.26 (C7), 129.87 and 130.51 (C15 and
C15’), 131.50 (C10), 131.77 and 132.00 (C1 and)C132.50 (C14’), 132.89 (C10), 133.21 (C14),
134.27 (C9), 135.38 (C8), 136.18 and 136.32 (Gl £13), 136.86 (C13’), 137.29 (C12), 138.15
(C8), 138.58 (C12), 139.59 (C5’); HRMS (E®Mz calcd for GgHsgO.Na [M+Na]" 593.4329, found
593.4329.

(5R,6R)-2b (56% from24b for isomeric mixture, alE-isomer: 5% fromR24b after crystallization):
CD (5.88x10° mol/L, EtOH)A(Ag) 213 (0), 242 (-0.36), 270 (+1.68), 272 (+1.54)9 7+3.18), 293
(0), 329 (-1.20), 344 (-1.73), 387 (-0.17); HRMSI)En/z calcd for GgHsgO,Na [M+Na] 593.4329,
found 593.4329.

(5569-4a (96% from 24a for isomeric mixture, alE-isomer: 28% from24a after preparative
HPLC): UV-VIS (EtOH)\ 267, 423, 446, 474 nm; CD (9.48%1@nol/L, EtOH)A(Ag) 215 (—1.85),
227 (0), 236 (+0.76), 247 (0), 273 (-3.06), 301 831 (+0.93), 359 (0)H NMR (500 MHz, CDC))
d11.03 (6H, s, gemMe), 1.14 (3H, s, 5-CH), 1.53 (2H, tJ=7.5 Hz, 4'-H), 1.62 (2H, m, 3-h),
1.63 and 1.69 (each 3H, br s,gémCH,), 1.72 (3H, br s, 5-C§), 1.92 (3H, br s, 9'-Ch}, 1.97 (3H)
and 1.98 (6H) (each br s, 9-gH 3-CH; and 13'-CH) 2.02 (2H, br tJ=6.5 Hz, 4-H), 2.09 (1H, s,
5-OH), 2.12 (2H, br qJ=7.5 Hz, 3'-H), 2.14 (1H, br dJ=3 Hz, 6’-OH), 4.04 (1H, dd)=3, 7.5 Hz,
6’-H), 5.13 (1H, br tJ=7.5 Hz, 2’-H), 5.70 (1H, dd}=7.5, 15.5 Hz, 7’-H), 6.13 (1H, d=15.5 Hz,
8-H), 6.15 (1H, br dJ=11.5 Hz, 10-H), 6.18 (1H, br dz15.5 Hz, 7-H), 6.20 (1H, br d=11.5 Hz,
10’-H), 6.25 (1H, overlapped, 14-H), 6.27 (1H, dapped, 14’-H), 6.35 (1H, d=15 Hz, 12-H), 6.38
(2H, d,J=15 Hz, 8'-H and 12’-H), 6.59 (1H, dd=11.5, 15 Hz, 11'-H), 6.60-6.68 (2H, m, 15-H and
15'-H), 6.66 (1H, ddJ=11, 15 Hz, 11-H)}*C NMR (125 MHz, CDG)) d112.78, 12.80, 12.85 and
12.99 (9-CH, 9'-CH;, 13-CH and 13-CH), 17.69 and 25.72 (emCH,), 19.28 (C3), 21.43
(5’-CHy), 21.77 (5-CH), 22.12 (C3’), 28.99 (emCH;), 33.14 (C4), 34.29 (C1), 38.81 (C4’), 39.67
(C2), 75.00 (C5"), 78.86 (C6’), 124.35 and 124.@¢2'(and C11"), 125.25 (C11), 126.26 (C7’), 126.78
(C7), 129.42 (C5), 129.80 and 130.49 (C15 and C18p.81 (C10), 131.99 (C1"), 132.30 (C14),
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132.89 (C10’), 133.20 (C14’), 134.26 (C9’), 1364drd 136.19 (C9 and C13’), 136.84 (C13), 137.17
(C12), 137.75 (C8), 137.92 (C6), 138.14 (C8’), B83C12); HRMS (ESI)n/z calcd for GoHsgO.Na
[M+Na]* 593.4329, found 593.4326.

(5R,6R)-4b (82% from 24b for isomeric mixture, alE-isomer: 17% from24b after preparative
HPLC): CD (8.72x10 mol/L, EtOH) M(Ag) 212 (+0.75), 224 (0), 240 (-0.61), 253 (0), 269.17),
290 (0), 327 (-0.67), 365 (0); HRMS (EStyz calcd for GoHsgO,Na [M+Na] 593.4329, found
593.4328.
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unsuccessful due to its decomposition during a&sei acquisition some spectral data. The fact
that carotenoids synthesized here are relativalsty keeping in a freezer for several months
has convinced us to determine the absolute coimuns of natural specimens if it is obtained
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