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ABSTRACT

A stereoselective total synthesis of the visual pigment A2E has been achieved with use of palladium-catalyzed cross-coupling reactions in all
key steps: a regioselective Suzuki or Negishi coupling of 2,4-dibromopyridine, a Sonogashira reaction, and a double Stille cross-coupling to
complete the bispolyenyl skeleton.

Deposition of a fluorophoric material, known as lipofuscin,
in lysosomes of retinal pigment epithelium cells has been
speculated to be one of the biomarkers of age-related macular
degeneration. Pyridinium bisretinoids, A2E and its 1′-Z-
photoisomer (see Scheme 1 for numbering), iso-A2E,1 have

been characterized as fluorophores of lipofuscin. Several
modes of toxicity have been suggested through which A2E
can affect the health of the retinal pigment epithelium (RPE).2

The confirmation of the role of A2E was given by recent
studies on transgenic mice that have shown that accumulation
of lipofuscin by the RPE is followed by RPE atrophy.3 Its
cationic nature along with two hydrophobic retinal chains
suggests that it can disrupt the membrane integrity by its
detergent-like activity and can thus cause cellular damage.4

Also, it was found that A2E, at low concentrations, causes
apoptosis in cultured human retinal pigment epithelial cells5

and a possible mechanism for A2E toxicity may include
photochemical processes leading to photooxidation products,
mainly epoxides in the acyclic side chains,6 through free
radicals7 or singlet oxygen intermediacy.8

Biosynthetic studies revealed that detectable levels of
A2-PE, the A2E precursor generated from two units ofall-
trans-retinal and phosphatidylethanolamine, are formed
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Scheme 1. Strategy for the Synthesis of A2E
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within the photoreceptor outer segments following light-
induced release of endogenousall-trans-retinal.9 This scheme
was followed in the reported A2E biomimetic synthesis,1,10

where A2E was prepared in 50% yield by simple mixing of
all-trans-retinal and hydroxylamine, and also in a formal
synthesis through a 6π-azaelectrocyclization reaction.11

The first total synthesis of the ocular pigment A2E was
achieved by a nonstereoselective double Wittig-olefination
of a pyridyl bisaldehyde and 2 equiv of a retinoid-C-15
phosphonium salt containing the moiety common to both
sidearms.12

Here, we report the first stereoselective synthesis of A2E
(1) through a convergent process involving a two-directional
palladium-catalyzed C(sp2)-C(sp2) bond formation between
the properly functionalized pyridine3 and the trienyliodide
2 (Scheme 1).

The synthesis of the pyridine core3 was envisioned from
the corresponding bisalkynylpyridine, itself prepared from
2,4-dibromopyridine (4), through regioselective and sequen-
tial palladium cross couplings, under the assumption that the
two halogens should exhibit differential reactivity toward
palladium[0] in cross-coupling reactions due to their different
electronic environments.13

The reaction between 2,4-dibromopyridine (4)14 and bo-
ronic ester5a, prepared in situ from the corresponding
iodide15 by halogen-lithium exchange and further treatment
with triisopropoxyborate, in the presence of Pd[0] and TlOH

at 25°C proved to be highly regioselective (6:7 ratio of 16:
1) yielding the 2-alkenyl-4-bromopyridine6 in 70% yield.
Cross-coupling with zinc derivative5b under Negishi condi-
tions16 also proceeded at 25°C and provided compound6
(separated from ca. 10% of7) in 73% yield.17

The next target was the incorporation of the substituent
at the 4-position of the pyridine nucleus and it turned out
that Sonogashira cross-coupling served very well to attach
the alkyne moiety at this position. So, reaction of6 with
ethynyltrimethylsilane under the usual Sonogashira condi-
tions followed by deprotection of both silyl groups and
Dess-Martin oxidation rendered11a in good overall yield
(58%) (Scheme 3).

The transformation of the aldehyde11a into the corre-
sponding alkyne12bunder different conditions was sluggish
and yields were poor (15-20%).

To circumvent these difficulties, presumably due to the
acidity of the acetylenic hydrogen, the silyl ether group of
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Scheme 2. Preparation of the Monosubstituted Pyridine

Scheme 3. Synthesis of the Pyridine Core3
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compound6 was removed by treatment with TBAF in THF
before running the Sonogashira coupling. Thus, reaction of
pyridine 8 under Sonogashira conditions provided enynyl
pyridine 10c, which after treatment with Dess-Martin
periodinane led to aldehyde11b in an overall 85% yield.
The preparation of alkyne12 was now successfully ac-
complished either directly with TMSC(Li)N218 or through
Corey-Fuchs-type conditions (Scheme 3).19

Subsequent treatment of the bisethynylpyridine12b with
(Bu3Sn)2CuCNLi220 at -40 °C afforded the double func-
tionalized bisstannylpyridine3 in 56% yield, the presence
of MeOH throughout the reaction being critical for the
success of the stannylcupration. Although the reaction was
totally regio- and stereoselective at the alkyne at position-4
to give the E-stannyl derivative, at the enynyl chain at
position-2 the selectivity was lower and the internal isomer
13 was also obtained in a ratio of 2.8:1. This ratio increased
to 4.2:1 when the reaction was run at-10 °C, but the yield
was slightly lower (50% for compound3) most likely as a
result of decomposition processes. The structures of both
stannanes3 and13were assigned by using 2D NMR experi-
ments and some characteristic NMR data along with the main
1H-13C long distance couplings are shown in Figure 1.

Last, a double Stille coupling of the bisstannane321

with the trienyliodide222 with use of Farina conditions or
Pd(PhCN)2Cl2 in the presence of Hu¨nig base,i-Pr2NEt, ren-

dered stereoselectively theall-transbispolyenyl pyridine14
(50%) (Scheme 4). Alkylation of14 with iodoethanol in
nitromethane for 19 h gave A2E (1) in an overall 14% yield
from 2,4-dibromopyridine. All spectroscopic data of A2E
were identical with those previously reported.1b

To summarize, a stereoselective total synthesis of A2E
has been achieved that uses palladium-catalyzed cross-
coupling reactions in all key bond-forming steps: regiose-
lective Suzuki (or Negishi) coupling of 2,4-dibromopyridine,
Sonogashira reaction, and 2-fold Stille cross-coupling to
complete the bispolyenyl skeleton.
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Figure 1. Structural assignments for stannanes3 and13: 1H and
13C NMR shifts and crucial13C-1H correlations.

Scheme 4. Preparation of the Ocular Pigment A2E
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