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ABSTRACT
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The formal synthesis of the ocular age pigment A2-E was achieved by the efficient one-pot preparation of the substituted pyridine, which
involves the aza-6:-electrocyclization of the Schiff base derived from (E)-3-carbonyl-2,4,6-trienal followed by oxidation.

Pyridinium bisretinoid “A2-E” was isolated from over 40 the bis-aldehydd was synthesized from 4-methyl-2-pyridone
aged human eyes as the major orange fluorophore of ocular3 via the allylic oxidation of the 4-methyl group and the
age pigments called lipofuscin, and its structure was deter-installation of the unsaturated side chain at the 2 position
mined by Nakanishi and co-workeér&ipofuscin accumulates by Pd(0)-catalyzed Stille couplirfe.

in the human retinal pigment epithelium (RPE) cellgth During the course of our recent studies on the syntheses
age, and it is considered as the possible cause of age-relatedf the enzyme inhibitors and then the elucidation of their
decline of cell functions and related eye diseases, such asnhibitory mechanism, we have found th&t){3-carbonyl-
age-related macular degeneration (AMD)hich leads to 2,4,6-trienabs inhibits the hydrolytic ability of phospholipase
blindness in elderly people. For this reason, the main A, (PLA,) by the formation of the dihydropyridine deriva-
component of lipofuscin, “A2-E”, which might be involved tives resulting from the reaction with the particular lysine
in the process of AMD, has been the potential target moleculeresidues of PLA via the 6x-electrocyclization of the
for the remedies of this disease. Nakanishi and co-workersintermediary Schiff bases such @¢Figure 1)7 Our finding
proposed the biosynthesis of A2-E as shown in Schefhe 1. of aza-6:-electrocyclization is compatible with Nakanishi’s
Thus, 2 equiv ofall-trans-retinal and ethanolamine would hypothetical metabolic pathway froatl-transretinal to A2-

give azatriend, which would produce A2-E via an azae6
electrocyclization reactidnfollowed by autoxidation. Fur- (4) (@) Marvell, E. N.Thermal Electrocyclic Reactions; Academic
thermore, they synthesized A2-E by the double-Wittig 5" S S0 6e0s 19 G667 (&) Maynard. . P Okamura, W b

olefination of bis-aldehydd with the Wittig reagenb, and J. Org. Chem1995,60, 1763 and references therein.
(5) Ren, R. X.-F.; Sakai, N.; Nakanishi, K. Am. Chem. Sod997,

(1) Sakai, N.; Decatur, J.; Nakanishi, B&. Am. Chem. S0d.996,118, 119, 3619.

1559. (6) Nakanishi and co-workers also succeeded in the efficient synthesis
(2) (@) Feeney-Burns, L.; Hilderbrand, E. S.; Eldridge, I8vest. of A2-E from 2 equiv ofall-trans-retinal and ethanolamine in 49% yield
Ophthalmol. Visual Scil1984, 25, 195. (b) Sarna, TJ. Photochem. in one step, and they obtained a sufficient quantity of A2-E for the
Photobiol., B1992 12, 215. (c) Porta, E. Arch. Gerontol. Geriatr1991, elucidation of its biological properties in RPE cells: Parish, C. A,;

12, 303 and references therein. Hashimoto, M.; Nakanishi, K.; Dillon, J.; Sparrow, Broc. Natl. Acad.
(3) Tso, M. O. M.Invest. Ophthalmol. Visual Sc1989,30, 2430. Sci. U.S.A1998,95, 14609.
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E, which involves the aza-6s-electrocyclization. Moreover, for the synthesis of such types of compoutftiEhe stannane
we have also found that both the C4 carbonyl group and the 12 and bromidel6 were prepared as shown in Scheme 2.
double bond attached at C6 in 1-azatrighsignificantly
contribute to the acceleration of the aza-€ectrocyclization.
Thus, the reaction o6 with n-propylamine quantitatively
yielded the corresponding 1, 2-dihydropyridine derivative

i ; At e
within 5 min at room temperature, although the derivatives  _ _~_SnBug Etochﬂp(o)(oa)z o C/]\/\/Snsua
2

Scheme 2

7 and8 gave only the corresponding Schiff bases within 60 10 NaH/ THE o
min.
1) LAH / ether \)\/\/S
2) TBDMSCI, DMAP, TBDMSO- A\~ SnBus
Et3N, DMF 12
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Now, we report the efficient formal synthesis of A2-E 87 %for2steps 16 “OH

based on the synthesis of pyridine bis-aldehgdeom (E)-
ethoxycarbonyl-2,4,6-trienal8 via the one-pot aza-6-
electrocyclization followed by oxidation. (E)-Vinylstannanel0, which was obtained by the hydro-
Although we previously established the highly stereo- stannylation of propargyl alcohol with tri-butyltin hydride
selective synthesis ofEj-3-alkoxycarbonyl-2,4,6-trienal  followed by oxidation with manganese dioxide in 88%
compounds such &by hydrometalation of ethynyl acety-  yield 1 was subjected to the HorneEmmons reaction with
lenes as the key stefd,we felt that this method involves  the sodium salt of triethyl phosphonoacetic acid to provide
some limitations over the wide range of derivatives. Pd(0)-
catalyzed Stille couplingoetween E)-vinylstannanel2 and (8) Sato, F.; Ishikawa, H.; Watanabe, H.; Miyake, T.; Sato,JMChem.
(2)-vinyl bromide16 was selected as a more general method SO&’) g)‘%”t"”'l e(fg’_meA“n%?Va_' gﬁgh_, Int. Ed. Englos6 25, 508. (b) Farin,

V.; Krishnamurthy, V.; Scott, W. J. I@rganic Reactions; Paquette, L. A.,
(7) (a) Tanaka, K.; Kamatani, M.; Mori, H.; Fujii, S.; Ikeda, K.; Hisada, Ed.; John Wiley and Sons: New York, 1997; Vol. 50, pp@b2. (c)

M.; Itagaki, Y.; Katsumura, STetrahedron Lett1998 39, 1185. (b) Tanaka, Mitchell, T. N. Synthesis1992, 803.

K.; Kamatani, M.; Mori, H.; Fujii, S.; Ikeda, K.; Hisada, M.; Itagaki, Y.; (10) Martin, S. F.; Humphrey, J. M.; Ali, A.; Hillier, M. CJ. Am. Chem.

Katsumura, STetrahedron1999,55, 1657. Soc.1999,121, 866.
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11. The reduction ofll without purification and then
protection of the resulting primary alcohol witkert-
butyldimethylsilyl chloride completed the synthesis of the
vinyl stannyl fragmentl2 in 78% yield in three stepsZj-
Vinyl bromide 16 was synthesized by the stereoselective
Wittig reaction as the key step. Thus, aldehyld which
was prepared by the monoprotection of ethylene glycol as
the tert-butyldiphenylsilyl ether followed by the Swern
oxidation}? was reacted with the Wittig reagent, triphenyl-
carbethoxybromomethylenephosphoradg? to providel5s.
The ratio ofZ to E was 10:1 based on an NMR analysis.
After removal of the TBDPS group by treatment with TBAF,
the Z and E stereoisomers were separated by column
chromatography on silica gel to give pu@-vinyl bromide

16 in 87% vyield in two steps. The Pd(0)-catalyzed Stille
coupling between the stannat2and bromidel6 fortunately

proceeded in the presence of 5 mol % tetrakis(triphenylphos-

phine)palladium(0) and 2 equiv of lithium chloride in
dimethyl formamide at 85C to producel? in 72% yield
with retention of their stereochemistry (Scheme 3). The

Scheme 3
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oxidation of17 with manganese dioxide nicely providéa
in 85% yield** Thus, the new stereoselective synthesis of
3-alkoxycarbonyl-£,4E,6E-trienal was achieved. This method

achieve the efficient oxidation of the dihydropyridine to the
corresponding pyridine, we planned to prepare the trimethyl-
silylimine derivative19 by utilizing the Peterson reaction
between 18 and lithium bis(trimethylsilyl)amidé> The
treatment of theE)-carbonyltrienall8 with excess lithium
bis(trimethylsilyl)amide in THF at room temperature cleanly
produced the corresponding-trimethylsilyl-1,2-dihydro-
pyridine derivative within 5 min via the Peterson reaction
followed by the smooth azaaelectrocyclization of the
resulting intermediary azatrierdi®. The reaction mixture of
the unstable 1,2-dihydropyridine derivative was then continu-
ously treated with 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
(DDQ) as an oxidai¢ to successfully yield the desired
pyridine derivative20 in one pot. The reaction of the crude
20 with lithiun aluminum hydride gav&1in 77% total yield
from 1817 No Michael adducts of LIN(TMS) to the
3-carbonyltrienal system or other byproducts were detected
in the reaction mixtures. This efficient one-pot procedure of
the Peterson reaction, aza-8lectrocyclization and oxida-
tion, provides a new entry for the synthesis of the substituted
pyridine derivative. Finally, the synthesis of the bis-aldehyde
4, mp 91°C, was successfully realized fro@1l by the
deprotection of the TBDMS group followed by oxidation
with manganese dioxide. The spectral characteristitsd
3C NMR) of the thus-synthesized bis-aldehydlavere in
good agreement with those reported by Nakanishi and co-
workers!®

In conclusion, we achieved the formal synthesis of the
ocular age pigment A2-E by focusing on the efficient one-
pot synthesis of the pyridine derivative by utilizing the
Peterson reaction oEj-3-carbonyl-2,4,6-trienal with lithium
bis(trimethylsilyl)amide, the facile azarzéelectrocyclization
of the corresponding 1-azatriene derivative, and oxidation.
The sequence of the reactions is compatible with Nakanishi’s
hypothetical metabolic pathway of A2-E. A new stereo-
selective synthesis oE}-3-carbonyl-2,4,6-trienal compounds
by the Pd(0)-catalyzed cross-coupling between vinylstannane
and vinyl bromide was also established.

Acknowledgment. This work was supported by a Grant-
in-Aid for Scientific Research 09480145 from the Ministry
of Education, Science and Culture of Japan.

0OL991320U

(15) (a) Hart, D. J.; Kanai, K.; Thomas, D. G.; Yang, T..KOrg. Chem
1983,48, 289. (b) Cainelli, G.; Giacomini, D.; Panunzio, M.; Martelli, G.;
Spunta, GTetrahedron Lett1987,28, 5369. (c) Uyehara, T.; Suzuki, |.;

is believed to be more general and practical for the synthesisyzmamoto, Y Tetrahedron Lett1990.31, 3753.

of (E)-3-alkoxycarbonyl-conjugated aldehydes. The next step
is the key to the synthesis of Nakanishi’s intermediat&o

(11) Oddon, G.; Uguen, Dretrahedron Lett1998,39, 1153.

(12) Tidwell, T. T. Synthesis990, 857.

(13) (a) Denney, D. B.; Ross, S. 7. Org. Chem1962,27, 998. (b)
Speziale, A. J.; Ratts, K. WI. Org. Chem1963,28, 465.

(14) Data forl8: IR (neat, cmt) 1726, 1672, 1248, 841H NMR (400
MHz, CDCk) 6 0.09 (s, 6H), 0.93 (s, 9H), 1.36 (t, 3d,= 7.1 Hz), 1.79
(s, 3H), 4.14 (s, 2H), 4.32 (q, 2K,= 7.1 Hz), 6.32 (d, 1H) = 11.2 Hz),
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