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Abstract—Trienylboronic acid 1a was prepared from iodotriene 3, which was coupled with (2Z,42)-3-aryl-5-i0do-2,4-pentadienol
9 by Suzuki coupling reaction to give geometrically pure 13-aryl substituted (11Z)-retinol 10. Oxidation of 10 gave 13-aryl
substituted (11Z)-retinal 11. © 2003 Elsevier Science Ltd. All rights reserved.

1. Introduction

Retinoids play important roles in biological actions in
organisms.! These stereo-structures, shown in Figure 1,
generally consist of a consecutively conjugated pen-
taene. They are generally unstable and sensitive to light,
acid, base and heat to raise isomerization or polymer-
ization. The stereochemistry of olefinic bonds is highly
important in relation to the biological activities.? Vari-
ous synthetic methods for the synthesis of such conju-
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gated polyenes, including Wittig or Wittig-Horner—
Emmons reaction and Julia olefination reaction have
been reported.®> These methods can be used for the
synthesis of geometrically stable polyenes but were not
suitable for the synthesis of polyenes possessing less
stable (Z)-olefinic bond or large substituent groups on
the olefinic carbons.* A transition metal-catalyzed
cross-coupling reaction is effective in such cases and has
been used for the geometry control in conjugated
polyene syntheses.’ In fact, some retinoids and their
analogues have been prepared by metal catalyzed cross-
coupling reactions.® Considering the flexible synthetic
approach for retinoids I-IV (Fig. 1), connection
between a C,, and C,, sigma-bond by a cross-coupling
reaction using trienylmetal species 1 and iododiene is a
favorable and straightforward approach, as shown in
Scheme 1. However, since a few approaches have been
successfully utilized,” a versatile and reliable C,—C,,
trienylmetal reagent is desired as a cross-coupling unit
for general and flexible retinoid synthesis. In this paper,
we describe the preparation of trienylboronic acid 1a as
an isolable trienylmetal reagent and the cross-coupling
reaction for the first synthesis of a 13-aryl substituted
(11Z)-retinal ®

2. Preparation of 1a and cross-coupling reaction

Initially, we attempted to prepare trienylstannane 1b
from the known dienyne 2° by stannylmagnesiation,
although it was found to be unstable and rather
difficult to handle.'® We therefore used trienylboronic
acid la instead of 1b as a C,—C,, unit (Scheme 2).
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Scheme 2. Reagents and conditions: (a) i. Bu;SnMgMe, cat.
CuCN, THF then Mel; ii. iodine, CH,Cl, or i. Cp,ZrCl,,
AlMe,, CICH,CH,Cl then iodine; (b) i. BuLi, —78°C, THF, ii.
B(OPr’);, —20°C, THF, rt, then purification by silica gel
column chromatography; (c) i. (E)-l-iodohexene, cat.
Pd(PPh,) 4, ag. KOH, Ag,CO,, THF.

Stannylmagnesiation of enyne 2!' and quenching the
resultant adduct with iodomethane gave trienylstan-
nane 1b. Immediate iodination of the crude extract gave
trienyliodide 3 in 70% yield.'? Lithium-iodine exchange
of 3 with n-BuLi at -20°C and subsequent metal
exchange with triisopropyl borate gave diisopropyl
trienylborate, which was hydrolyzed by the usual work-
up to give trienylboronic acid la. Fortunately, this
boronic acid can be purified by silica gel chromatogra-
phy and is reasonably stable for storage in solution.
However, drying-up of the solvent from the acid gave
rise to decomposition and polymerization, resulting in
rapid loss of its purity.!> We recommended that 1a is
stored in solution. Subsequently, compound la was
subjected to coupling reaction with 1-iodohexene in the
presence of Pd(PPh;), (5 mol%), KOH, and Ag,CO; in
THF at room temperature to give tetraene 4 in 53%
yield.!13

3. Synthesis of 13-aryl substituted (11Z)-retinal

In the recognition process of vision, the first photo-iso-
merization of the (11Z)-retinal chromophore induces
structural change in the light receptor rhodopsin. The
isomerization activates transmembrance G-protein-cou-
pled receptor proteins for the signal communication
path and the signal is eventually transmitted to the
brain.'® The static structure of rhodopsin has recently
been revealed by X-ray crystallographic studies within a
range of 3.3 A level of resolution.!” Although the three
dimensional structure of static rhodopsin has been
determined, the dynamic flexibility of opsin may allow
it to take a modified (11Z)-retinal into a pocket of the
protein hole. Such a loose interaction between a ligand
and protein is sometimes observed depending on the
size of the ligand as well as some other interactive
forces between the ligand and protein.'®* We were inter-
ested in the case of 13-substituted analogues of (112)-
retinal and opsin, and have attempted the synthesis of
13-aryl substituted (11Z)-retinal (Fig. 2).

The preparation of the other coupling unit, iododiene
9, is outlined in Scheme 3. Stereoselective introduction
of trimethylsilylacetylene to O-TBDPS protected 3,3-
dibromo-2-propen-1-ol by Sonogashira coupling gave
(Z)-bromoenyne 5 in 87% yield.! Suzuki coupling of 5
with phenylboronic acid in the presence of 5 mol%
PdCl,(dppf) and sodium carbonate in THF at 55°C
gave (E)-enyne 6a in 90% yield with retention of the
configuration. The stereochemistry was confirmed by
NOE that was observed between the CH, group and
ortho protons of an aromatic ring. Deprotection of
TMS group and of TBDPS ether by treatment with an
excess of tetrabutylammonium fluoride gave 7a in 86%
yield. Then, iodination of terminal alkyne with iodine
and morpholine in refluxing benzene gave iodoenyne 8a
in a quantitative yield. Finally, partial cis hydrogena-
tion of the alkynyl bond with diimide* gave (2Z,42)-3-
phenyl-5-iodopentadien-1-o0l 9a in 39% yield along with
over reduced product and starting material. On the
other hand, Suzuki coupling of 5 with p-formylbenz-
eneboronic acid followed by acetal formation gave 6b
in 79% yield in two steps. The same reaction sequences,
desilylation, iodination and partial hydrogenation as
those for the synthesis of 9a gave 9b in 64% yield in
three steps (Scheme 4).

Pd-catalyzed cross-coupling of 1a with iododienes 9a
and 9b was conducted in THF at room temperature in
the presence of silver carbonate and aq. KOH. The
pentaenes 10a and 10b were obtained in 54 and 49%
yields, respectively.?! The observed coupling constant,
11.8 Hz, between C,,—H and C,,—H in both compounds

Rhodopsin

Figure 2.
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clearly indicated a (11Z)-configuration. Finally, oxida-
tion of 10a by barium manganate in methylene chloride
furnished the synthesis of geometrically pure retinal
11a*' in 30% yield. Similarly, 11b*' was obtained in 23%
yield. These 13-aryl substituted derivatives were less
stable than other (11Z)-retinals. During the oxidation
and purification, they started decomposing gradually
even when all of the operations were carried out under
dark or red-colored lamp conditions.

In conclusion, we have described a novel and efficient
method for the preparation of geometrically pure
trienylboronic acid 1la as an isolable alkenylmetal
reagent, which is found to be a versatile unit for
retinoid synthesis by Pd-catalyzed cross-coupling reac-
tion. The first synthesis of 13-aryl substituted (112)-
retinals was accomplished by this methodology.
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