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Abstract: p-Carotene 1 and (3R,3'R)-zeaxanthin 2 have
been stereoselectively prepared in a highly convergent
fashion by a 2-fold Stille cross-coupling reaction. The Cj»-
pentaenylbis-stannane 8 is the central “lynchpin” that
connects two units of the terminal Cys-iodides 9 and 17 to
afford 1 and 2, respectively.

Carotenoids! are highly conjugated polyenes that play
fundamental roles as photoprotective and antioxidation
agents and are dietary sources of vitamin A and other
naturally ocurring retinoids.?3

The carotenoid polyenic chain has traditionally been
synthesized by consecutive or convergent double bond
forming strategies, commonly a Wittig reaction (or some
of its variants) or a Julia-type olefination.¢ These pro-
cedures generally afford mixtures of E/Z geometric
isomers which are very difficult to separate.

The alternative strategy featuring generation of single
bonds connecting Csp? atoms has somehow been ne-
glected for this particular class of conjugated polyenes.
Recently, however, Negishi and Zeng reported a stereo-
selective and highly efficient synthesis of carotenoids
using a Pd- and Zn-catalyzed cross-coupling of alkenyl
fragments. The nucleophile was generated by Al—Zn
transmetalation following zirconium-mediated methyl-
alumination of alkynes.* Using two Cs and one C, halides
as electrophiles, these C4 polyolefins were built by an
iterative sequence which displays a Cy4 + Cs + C, + Csg
+ Cy4 pattern.®

We wish to report another stereocontrolled approach
to symmetrical carotenoids based on a convergent Cy4 +
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Note

Ci12 + Cy4 building principle, featuring a 2-fold Stille cross-
coupling of Cy,-bis-stannane 8 and C,-alkenyl iodides 9
and 17, yielding s-carotene 1 and (3R,3'R)-zeaxanthin 2,
respectively.

Pentaenylbis-stannane 8 was prepared by the modified
one-pot Julia olefination® that condensates two Cg frag-
ments, both derived from known stannyldienol 3.7 The
synthesis of the required Cs-sulfone 6 started with the
treatment of 3 with 2-mercaptobenzothiazole under Mit-
sunobu conditions to afford benzothiazolyl sulfide 5 (96%
yield). Oxidation of the sulfide to the sulfone was trouble-
some, and under the best conditions [M0;0,4(NHg)e*4H,0,
35% H,0,, EtOH, 25 °C]¢ afforded 6 in moderate yields
(61%) together with 7 (31%), the protiodestannylation
product.8?®

Generation of the anion of sulfone 6 with NaHMDS at
—78 °C, followed by addition of 4,2 afforded with high
stereoselectivity in 83% yield symmetrical all-E-pentaene
8,10 the longest substituted conjugated bis-stannane yet
reported.

The trisubstituted alkenyl iodides 9'2 and 17 were in
turn prepared by Negishi's methodology,* using the
zirconium-assisted methylalumination—iodination of the
precursor alkynes. The synthesis of dienyne 15 started
with the protection of enantiopure (R)-10 to 1122 followed
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a Reagents and reaction conditions: (a) SO3-Py, EtsN, CH,Cl,/DMSO (1:1), 0 °C (96%), ref 7; (b) BTSH, DIAD, PPhs, THF, 0 — 25 °C
(93%); (c) M07024(NHa4)6:4H20, 35% H,0,, EtOH, 25 °C (6, 61%; 7, 31%); (d) i. NaHMDS, Et,0, —78 °C. ii. 4, THF, —78 — 25 °C (70%).

by conversion of 11 to hydrazone 12. Oxidation of the
latter with iodine according to Barton’'s procedure!®
afforded cyclohexenyl iodide 13 in 80% overall yield. Heck
coupling of 13 with methyl vinyl ketone!* led in 90% yield
to 14.%%* The one-pot, three-step procedure for converting
methyl ketones to terminal alkynes'! proceeded unevent-
fully to afford 15 in 67% yield, which was deprotected to
16 (96%). Alkyne 16 was finally converted to the trienyl
iodide 17 in 69% yield by the well-established protocol,
a procedure which also yielded trienyl iodide 9 from its
precursor dienyne as already described.'2

A comprehensive study of the Stille reaction'®® was
carried out to optimize the stitching reaction of 8 and 9.
The best conditions found involve the use of 4 mol %
(PhCN),PdCI, as precatalyst in a THF/DMF mixture in
the presence of Hunig's base (3 equiv) and a trace amount
of the radical inhibitor BHT. Under these conditions, the
coupling of 8 and 9 required 12 h at room temperature,
affording f-carotene 1 in 73% yield. Farina’s conditions
[Pd.dbas, tris-phenylarsine, NMP]'” were also successful,
albeit the yield was lower. Other alternatives proved
unsatisfactory: Pd,dbas/tris-2-furylphosphine in DMF*6
and (CH3CN),PdCl, in DMF** |ed to product deteriora-
tion, whereas Pd,dbaa/tris-2-furylphosphine in THF?
returned unreacted starting components at ambient
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a2 Reagents and reaction conditions: (a) TBDMSCI, imidazol,
DMF, 25 °C (83%); (b) Ho.NNH2-H20, EtsN, EtOH, reflux; (c) I,
DBN, Et,O (two steps, 80%); (d) Pd(PPhs)s (cat.), MVK, Et3N,
DMF, 75 °C, 12 h (90%); (e) i. LDA, CIPO(OEt),, —78 °C. ii. LDA,
0 — 25 °C (67%); (f) ("Bu)4sNF, THF, 25 °C (96%); (g) i. MesAl,
Cp2ZrCly, CHyCl, 25 °C, 12 h. ii. 1, THF, —40 °C (69%); (h) 9 or
17, (PhCN),PdCl, (cat.), (IPr);NEt, BHT, THF/DMF (1:1), 25 °C
(1, 73%; 2, 46%).

temperature. The optimized conditions described above
provided the more unstable (3R,3'R)-zeaxanthin 28 in
46% yield after purification by column chromatography.
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In summary, synthesis of the carotenoid polyene region
via o bond construction has been achieved by a 2-fold
Stille cross-coupling of geometrically homogeneous cen-
tral lynchpin Ci,-bis-stannane 8 and two units of termi-
nal Cy4-alkenyl iodides. Work is in progress to develop
experimental conditions for monocoupling that could
extend the protocol to the preparation of nonsymmetrical
carotenoids.

Experimental Section

General Experimental Procedures.%® (2E,4E)-1-(Ben-
zothiazol-2-yl)-sulfanyl-5-(tri-n-butylstannyl)-3-methyl-
penta-2,4-diene 5. To a solution of (2E,4E)-5-(tri-n-butylstannyl)-
2-methylpenta-2,4-dien-1-ol 3 (0.5 g, 1.29 mmol), 2-mercaptobenzo-
thiazol (0.32 g, 1.94 mmol), and PhsP (0.55 g, 2.10 mmol) in THF
(8 mL), at 0 °C, was added diisopropyl azodicarboxylate (DIAD)
(0.38 mL, 1.94 mmol) in THF (3 mL). After the mixture was
stirred for 30 min, the solvent was removed and the residue was
purified by chromatography (C-18 silica gel, 85:15 CH3CN/CH,-
Cly) to afford 0.64 g (93%) of 5. *H NMR (400 MHz, CgDs): ¢
7.96 (d, J = 8.2 Hz, 1H), 7.27 (d, J = 8.2 Hz, 1H), 7.13 (t, J =
7.3 Hz, 1H), 6.96 (t, J = 7.6 Hz, 1H), 6.80 (d, J = 19.3 Hz, 3Jsn—n
= 31.6 Hz, 1H), 6.45 (d, J = 19.3 Hz, 2Jsp—n = 33.8 Hz, 1H),
5.79 (t, 3 = 7.9 Hz, 1H), 4.10 (d, J = 7.9 Hz, 2H), 1.81 (s, 3H),
1.7-1.6 (m, 6H), 1.5-1.3 (m, 6H), 1.3—1.0 (m, 15H). ¥3C NMR
(100 MHz, Cg¢Dg): o 166.5, 153.9, 150.5, 140.0, 135.9, 128.3,
126.2,125.6,124.3,121.8,121.2, 31.9, 29.5, 27.7, 13.9, 11.9, 9.8.
MS (FAB*): m/z (%) 538 (M*+2, 24), 537 (M*+1, 16), 536 (M™,
22), 177 (100). HMRS (FAB™"): calcd for CisHsoNS;118Sn,
536.1604; found, 536.1618.

(2E,4E)-1-((Benzothiazol-2-yl)sulfonyl)-5-(tri-n-butylstan-
nyl)-3-methylpenta-2,4-diene 6. To a solution of (2E,4E)-1-
((benzothiazol-2-yl)sulfanyl)-5-(tri-n-butylstannyl)-3-methylpenta-
2,4-diene 5 (0.15 g, 0.28 mmol) in EtOH (3 mL), at 25 °C, was
added a solution of M07024(NH4)s:4H20 (0.74 g, 0.06 mmol) in
H203 (35% in H20, 2.4 mL, 27.96 mmol). After the mixture was
stirred at room temperature for 30 min, aqueous NH4ClI solution
was added, the mixture was extracted with Et,O (3x) and the
organic extracts were washed with water (3x), dried over Nay-
SO, and the solvent was evaporated. The residue was purified
by chromatography (Al,O3, 90:10 hexane/ethyl acetate) to afford
0.097 g (61%) of 6 and 0.024 g (31%) of 7. Data for 6: 'H NMR
(400 MHz, CgDg): 0 7.98 (d, J = 8.0 Hz, 1H), 7.0—-7.1 (m, 2H),
6.92 (t, J = 7.1 Hz, 1H), 6.68 (d, J = 19.3 Hz, 2Js,— = 31.4 Hz,
1H), 6.38 (d, J = 19.3 Hz, 3Jsn-n = 32.7 Hz, 1H), 5.55 (t, J = 8.0
Hz, 1H), 4.11 (d, J = 8.0 Hz, 2H), 1.6—1.8 (m, 6H), 1.66 (s, 3H),
1.2—1.4 (m, 6H), 0.8—1.0 (m, 15H). 3C NMR (100 MHz, (CD3).-
CO): 0 151.0, 146.4, 138.8, 132.3, 130.0, 129.8, 129.7, 126.9,
124.8, 117.1, 56.5, 29.7, 28.9, 20.1, 14.9, 11.0. MS (FAB*): m/z
(%) 567 (M*, 10), 177 (100). HRMS (FAB™): calcd for CasHss-
NO,S,118Sn, 567.1581; found 567.1596. Data for 7 (major
isomer): *H NMR (400 MHz, CDCl3): ¢ 8.25 (d, J = 8.2 Hz, 1H),
8.01 (d, J = 8.1 Hz, 1H), 7.6—7.7 (m, 2H), 6.34 (dd, J = 17.4,
10.7 Hz, 1H), 5.52 (t, 3 = 8.1 Hz, 1H), 5.21 (d, J = 17.4 Hz, 1H),
5.10 (d, 3 = 10.7 Hz, 1H), 4.38 (d, J = 8.1 Hz, 2H), 1.69 (s, 3H).
13C NMR (100 MHz, CgDg): 6 165.7, 152.7, 144.1, 139.5, 137.2,
128.0, 127.5, 125.4, 122.3, 115.4, 114.6, 54.9, 12.2. MS (FAB™):
m/z (%) 279 (M*, 6), 200 (100). HRMS (FAB™): calcd for Ci3H13-
NO,S; 279.0388; found 279.0387.

(1E,3E,5E,7E,9E)-1,10-Bis(tri-n-butylstannyl)-3,8-di-
methyldeca-1,3,5,7,9-pentaene 8. To a solution of (2E,4E)-1-
((benzothiazol-2-yl)sulfonyl)-5-(tri-n-butylstannyl)-3-methylpenta-
2,4-diene 6 (0.071 g, 0.25 mmol) in THF (4 mL), at —78 °C, was
added NaHMDS (1 M in THF, 0.23 mL, 0.23 mmol), and the
mixture was stirred for 45 min. A solution of (2E,4E)-5-(tri-n-
butylstannyl)-2-methylpenta-2,4-dien-1-al 4 (0.072 g, 0.19 mmol)
in THF (4 mL) was added, and the reaction was allowed to reach
ambient temperature very slowly for 12 h. Aqueous 1 M NaOH
(5 mL) and tBuMeO (10 mL) were added. The layers were
separated, and the aqueous layer was extracted with tBuMeO
(3x). The organic extracts were washed with brine (3x) and
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dried, and the solvent was removed. The residue was purified
by chromatography column (C-18 silica gel, 70:30 CH3CN/CH.-
Cl,) to afford 0.076 g (83%) of 8. *H NMR (400 MHz, (CD3),CO):
0 6.79 (d, J = 19.2 Hz, 2H), 6.73 (m, 2H), 6.46 (m, 2H), 6.41 (d,
J = 19.2 Hz, 2H), 1.90 (s, 6H), 1.5-1.6 (m, 12H), 1.3—-1.4 (m,
12H), 0.8—1.0 (m, 30H). 3C NMR (100 MHz, (CD3),CO): ¢ 151.9,
138.4, 129.3, 127.4, 127.0, 29.8, 27.9, 14.0, 10.0, 8.3. UV
(MeOH): Amax 258, 340, 376. MS (FABY): m/z (%) 680 (M*-Bu,
4), 179 (100). HRMS (FAB™): calcd for C3sHge120Sn, 741.3443,;
found 741.3444.
(4R,6R)-4-(tert-Butyldimethylsilyloxy)-2,2,6-trimethyl-
cyclohexan-1-one 11. To a solution of (4R,6R)-4-hydroxy-2,2,6-
trimethylcyclohexan-1-ona 10 (100 mg, 0.64 mmol) and imidazole
(209 mg, 1.6 mmol) in DMF (2 mL), at 0 °C, was added a solution
of TBDMSICI (182 mg, 0.7 mmol) in DMF (2 mL). The reaction
was stirred for 6 h and then poured into H,O (10 mL) and
extracted with hexane (3x). The organic layers were washed
with H,0 (5x), dried, and evaporated. The residue was purified
by chromatography (silica gel, 97:3 hexane/ethyl acetate) to
afford 143 mg (83%) of 11. [a]P2 —65.0 (c 0.55, MeOH).12a
(R)-tert-Butyldimethylsilyl 3,5,5-Trimethyl-4-iodocyclo-
hex-3-en-1-yl Ether 13. To a solution of (4R,6R)-4-(tert-bu-
tyldimethylsilyloxy)-2,2,6-trimethylcyclohexan-1-one 11 (0.50 g,
1.28 mmol) in ethanol (3.5 mL) at 25 °C, were added HoNNH.-
H,0 (1.6 mL, 33.13 mmol) and EtzN (0.39 mL, 2.78 mmol). After
the mixture was stirred for 24 h at 100 °C, the solvent was
removed and the residue was taken in Et,0 (4 mL) and washed
with brine (3x). The aqueous layers were extracted with Et,O
(4x), and the organic extracts were dried over Na,SO, and
concentrated. To a solution of the residue in Et,O (7.5 mL) and
DBN (2.06 mL, 16.65 mmol) was added a solution of iodine (0.99
g, 3.88 mmol) in Et,O (7.5 mL). After the mixture was stirred
for 15 min, an aqueous saturated NaHCOj3 solution was added,
the layers were separated, the organic layer was dried over Nay-
SO, and the solvent was removed. A solution of the residue in
CsHe (7.5 mL) was treated with DBN (5 mL). After the mixture
was stirred for 2.5 h, it was poured into Et,O and washed with
aqueous NayS;03 (3x), and the organic layer was dried and
evaporated. The residue was purified by chromatography (silica
gel, hexane) to afford 0.563 g (80%) of 13. [a]P20 —29.9 (c 1.79,
MeOH). *H NMR (400 MHz, CDClg): ¢ 3.8—3.9 (m, 1H), 2.28
(dd, 3 =5.6, 2.2 Hz, 1H), 2.24 (dd, J = 5.6, 2.2 Hz, 1H), 1.9-1.8
(1H, m), 1.86 (s, 3H), 1.64 (dd, J = 12.1, 11.9 Hz, 1H), 1.11 (s,
3H), 1.08 (s, 3H), 0.87 (s, 9H), 0.05 (s, 6H). 13C NMR (100 MHz,
CDCl3): ¢ 135.1, 115.7, 65.1, 46.4, 42.9, 41.4, 34.5, 30.7, 29.3,
25.9, —4.7. MS (EI"): m/z (%) 380 (M*, 1), 323 (M* — tBu, 32),
267 (100). HRMS (EI*): calcd for C15H2910Si 380.1032; found,
380.1022.
[(R,E)-4-(tert-Butyldimethylsilyloxy)-2,6,6-trimethylcy-
clohex-1-en-1-yl]but-3-en-2-one 14. To a solution of (R)-(tert-
butyldimethylsilyl) 3,5,5-trimethyl-4-iodocyclohex-3-en-1-yl ether
13 (0.80 g, 2.21 mmol) in DMF (40 mL) was added Pd(PPhs)4
(0.24 g, 0.21 mmol), and the mixture was degassed by the
freeze—thaw method (three cycles). MVK (0.53 mL, 6.31 mmol)
and Et;N (0.88 mL, 6.31 mmol) were then added, and the
reaction was heated to 75 °C for 13 h. The mixture was diluted
with tBuOMe (50 mL), washed with 1% HCI, and extracted with
tBuOMe (3x). The combined organic layers were washed with
aqueous NaHCOg3 (3x) and dried (Na,;SO,), and the solvent was
removed. The resulting oil was purified by chromatography
(silica gel, 90:10 hexane/AcOEt) affording 615 mg (90%) of 14.12b
(R,E)-tert-Butyldimethylsilyl 4-(But-1-en-3-yn-1-yl)-3,5,5-
trimethylcyclohex-3-en-1-yl Ether 15. A solution of LDA was
prepared by addition of nBuLi (1.67 M, 1.2 mL, 2.00 mmol) to a
solution of (iPr);NH (0.28 mL, 2.00 mmol) in THF (5.5 mL). After
30 min at 0 °C, the mixture was cooled to —78 °C and a solution
of [(R,E)-4-tert-butyldimethylsilyloxy-2,6,6-trimethylcyclohex-1-
en-1-yl]but-3-en-2-one 14 (0.615 g, 1.91 mmol) in THF (2 mL)
was added via cannula. The mixture was stirred for 1.5 h at
—78 °C, CIPO(OEt); (0.288 mL, 2.00 mmol) was added, and the
resulting mixture was stirred for 3 h at room temperature. In a
separate flask, a solution of LDA was prepared with (iPr),NH
(0.60 mL, 4.29 mmol) and nBuLi (1.67 M, 2.6 mL, 4.29 mmol)
in THF (11 mL), at 0 °C. To this was added the reaction mixture



obtained above, and the resulting solution was stirred at room
temperature for 13 h. After cooling the reaction mixture to 0
°C, H,0 was slowly added, followed by extraction with tBuOMe
(3x). The combined organic layers were washed with 1 M HCI
(3x), H20 (3x), and aqueous saturated NaHCO3; solution (3x)
and dried, and the solvent was evaporated. The resulting oil was
purified by cromatography (silica gel, 95:5 hexane/AcOEt), to
afford 0.37 g (67%) of 15. [a]P24 —28.3 (¢ 0.17, MeOH). 'H NMR
(400 MHz, CDCl3): ¢ 6.57 (d, J = 16.5 Hz, 1H), 5.38 (dd, J =
16.4, 2.1 Hz, 1H), 3.9-3.8 (m, 1H), 2.87 (d, J = 2.2 Hz, 1H),
2.17 (dd, J = 17.5, 5.7 Hz, 1H), 2.00 (dd, J = 17.3, 9.5 Hz, 1H),
1.66 (s, 3H), 1.6—1.5 (m, 1H), 1.4-1.3 (m, 1H), 0.99 (s, 3H), 0.98
(s, 3H), 0.84 (s, 9H), 0.01 (s, 6H). 3C NMR (100 MHz, CDCls):
0142.2,136.3,129.4,111.5, 83.1, 65.3, 48.7, 43.0, 36.8, 30.0 28 .4,
25.9, 21.4, 18.2, —4.6. IR (NaCl): v 3314, 2100 cm~1. MS (EI*):
m/z (%) 304 (M*, 7), 191 (100). HRMS (EI"): calcd for CigHsp-
OSi 304.2222; found, 304.2226.
(R)-4-[(E)-But-1-en-3-yn-1-yl]-3,5,5-trimethylcyclohex-3-
en-1-ol 16. To a solution of (R,E)-tert-butyldimethylsilyl 4-(but-
1-en-3-yn-1-yl)-3,5,5-trimethylcyclohex-3-en-1-yl ether 15 (0.066
g, 0.22 mmol) in THF (2.2 mL) was added (nBu)sNF (1.0 M in
THF, 0.32 mL, 0.32 mmol), and the mixture was stirred for 2.5
h at room temperature. It was poured over aqueous satured
NaHCO3; solution, extracted with tBuOMe (3x), and dried
(NaSOy), and the solvent was evaporated. The residue was
purified by chromatography (silica gel, 80:20 hexane/AcOEt),
affording 0.041 g (96%) of 16. [a]P24 —94.6 (c 0.66, MeOH). 'H
NMR (400 MHz, CDCl3): ¢ 6.60 (d, J = 16.4 Hz, 1H), 5.42 (dd,
J=16.4,2.1 Hz, 1H), 3.9—-3.8 (m, 1H), 2.92 (d, J = 2.2 Hz, 1H),
2.35(dd, J = 17.1, 5.5 Hz, 1H), 2.0—1.9 (m, 1H), 1.71 (s, 3H),
1.8—1.7 (m, 1H), 1.5—-1.4 (m, 1H), 1.04 (s, 6H). 13C NMR (100
MHz, CDCls): 6 141.9, 136.5, 128.7,111.8, 82.9, 77.4, 64.8, 48.3,
42.4, 36.8, 29.7, 28.5, 21.3. IR (NacCl):» 3600—3100, 2099 cm~1.
MS (FABY): m/z (%) 191 (M*, 100). HRMS (FABY): calcd for
Ci13H100 191.1436; found, 191.1431.
(R)-4-[(E,E)-4-1odo-3-methylbut-1,3-dien-1-yl]-3,5,5-tri-
methylcyclohex-3-en-1-ol 17. To a solution of Cp,ZrCl; (0.081
g, 0.28 mmol) in CH.ClI; (1 mL), at 0 °C, were sequentially added
MezAl (0.080 mL, 0.83 mmol) and a solution of (R)-4-[(E)-but-
1-en-3-yn-1-yl]-3,5,5-trimethylcyclohex-3-en-1-ol 16 (0.053 g, 0.28
mmol) in CHCI;, (1 mL). After the reaction mixture was stirred
for 12 h at room temperature, it was cooled to —40 °C and a
solution of iodine (0.21 g, 0.83 mmol) in THF (1.5 mL) was added.
After addition of THF/H,O (1:1, v/v) the mixture was extracted
with tBuOMe (3x), the extracts were dried, and the solvent was
evaporated. The residue was purified by cromatography (silica
gel, 80:20 hexane/AcOEt) affording 0.064 g (69%) of 17. [a]P2
—105.8 (¢ 0.135, MeOH). 'H NMR (400 MHz, C¢Ds): 6 6.1—5.9
(m, 3H), 3.9-3.8 (m, 1H), 2.20 (dd, J = 17.0, 5.5 Hz, 1H), 1.94
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(dd, 3 =17.0, 9.6 Hz, 1H), 1.84 (s, 3H), 1.7—1.6 (m, 1H), 1.57 (s,
3H), 1.42 (t, 3 = 11.8 Hz, 1H), 0.97 (s, 6H). 13C NMR (100 MHz,
CeDg): 0 145.4,137.2,134.9, 127.4,127.0, 83.2, 64.6, 48.6, 42.7,
36.9, 30.3, 28.7, 21.6, 19.9. IR (NaCl): » 3600—3100 cm~. MS
(EIM): m/z (%) 332 (M*, 100). HRMS (EI"): calcd for C14H2110
332.0637; found, 332.0637.

(BR,3'R)-Zeaxanthin 2. General Procedure for Stille
Cross-Coupling. To a solution of (R)-4-[(E,E)-4-iodo-3-methyl-
but-1,3-dien-1-yl]-3,5,5-trimethylcyclohex-3-en-1-ol 17 (0.023 g,
0.069 mmol) and (PhCN),PdCl; (3.0 mg, 0.008 mmol) in DMF
(1.2 mL) was added a solution of (1E,3E,5E,7E,9E)-1,10-bis(tri-
n-butylstannyl)-3,8-dimethyldeca-1,3,5,7,9-pentaene 8 (0.019 g,
0.026 mmol) in THF (1.2 mL), followed by (iPr),NEt (0.027 mL,
0.158 mmol) and one drop of a diluted BHT solution. The
reaction was stirred at room temperature in the dark for 16 h
and then poured into aqueous KF solution. The mixture was
extracted with CH,Cl, (3x), the organic layers were washed with
H,0 (3x) and dried, and the solvent was evaporated. The residue
was purified by chromatography (neutral alumina Act. I,
gradient 100 CH,Cl, — 97:3 CH,Cl,:MeOH) and recrystallization
(mp 158—162 °C, hexane/AcOEt) to afford 6 mg (46%) of 2. 1H
NMR (400 MHz, CDClg): 6 6.7—6.6 (m, 4H), 6.35 (d, J = 15.0
Hz, 2H), 6.25 (d, J = 5.9 Hz, 2H), 6.14 (d, J = 12.5 Hz, 2H),
6.2—6.1 (m, 4H), 4.1-4.0 (m, 2H), 2.37 (dd, J = 16.5, 5.2 Hz,
2H), 2.1-2.0 (m, 2H), 1.97 (s, 12H), 1.8—1.7 (m, 2H), 1.7 (s, 6H),
1.6—1.4 (m, 2H), 1.07 (s, 12H). MS (FAB'): m/z (%) 568 (M*,
45), 154 (100). HRMS (FAB™): calcd for CaoHs7O, 569.4359;
found, 569.4361.10.18

p.p-Carotene 1. Following the general procedure for Stille
cross-coupling, the title compound was obtained in 73% yield
after purification by chromatography (neutral alumina Act II,
CHCl,). *H NMR (400 MHz, CDCls3): 6 6.7—6.6 (m, 4H), 6.29
(d, J = 14.9 Hz, 2H), 6.2—5.9 (m, 8H), 1.96 (t, J = 5.7 Hz, 4H),
1.91 (s, 6H), 1.66 (s, 6H), 1.6—1.5 (m, 8H), 1.20 (s, 6H), 0.97 (s,
12H). MS (EI"): m/z (%) 536 (M, 56), 69 (100). HRMS (EI*):
caled for CaoHss 536.4382; found, 536.4386.4
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