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Reaction with Allylic Acetates
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Abstract: Several methods were examined to prepare functionalized boronate esters 4a—g. Thus, reaction
of the lithium anions with B(O-i-Pr)3 followed by esterification with 2,3-butanediol afforded 4a,b.d,e.
The Masamune-Wittig reaction was applied to the boronate ester 4a to expand the carbon chain giving

4c and 4f. The alkenyl boronate ester 4g was prepared from acetylene 10 by hydroborauon using (Ipc),BH
followed by the ligand exchange reaction. © 1998 Elsevier Science Ltd. All rights reserved.
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Protection of reactive functional group(s) on the nucieophilic reagents is a general protocol to avoid unwanted
side reaction(s). Thus, finding a reagent with a wide range of functional group compatibility not only provides a
efficient tool for organic synthesis, but also can avoid troublesome protection and aep otection steps. Recently,
much attention has been focused on preparation of functionalized organozmu In contrasi to ihe irz
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metai-cataiyzed coupling with aryi- and aikenyi halides and their synthetic equivalents, these 1

)

lower reactivity in the allylic coupling even with the allylic halides, the most reactive substrates among the allylic
substrates. In the preceding letter, we have prepared the zinc borates 1 (RT-FG = Ar) from the boronate esters 4
and MeZnCl and shown the coupling reaction with allylic acetates 2 in the presence of a nickel catalyst (Scheme
i).2 Since MeZnCl are marginally reactive toward the aldehyde examined,’ this method should provide a chance
to realize, for the first time, the allylic coupling with hard nucleophiles possessing a carbonyl group, 4 though
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Scheme 2. Preparatwn of the Boronate Esters 4a—4g: @ n-BuLi, 78 °C then B(O-i-Pr),; » H;0*; € 2,3-butanediol,
MgS0,; ¢ Ac,0, CH,N; ¢ (EtO),P(=0)CH,CO,E, LiCl, DBU;/ H,, Pd/C; £ (Me0),P(=0)CH,Ac, LiCl, i-Pr,NEt; # (Ipc),BH
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then MeCHO.

was not clear whether the electron withdrawing nature of a carbonyl group directly attached to the aromatic ring of
the borates decrease the coupling reactivity. Herem we report nreparauon of the boronate esters 4 1ncorporat1ng
1d

that the Masamunc Wlmng reactxon is dpphcable to an aldchyde in Wthh the boronate ester—group is already
incorporated.

Several methods were examined to obtain the aryl- and alkenylboronate esters 4 and the successful results
are summarized in Scheme 2. Intuitively one might think that the boronate ester-group should be introduced at the
final stage of the sequence due to its high reactivity toward nucleophiles as is shown in the previous paper. This
was, in fact, the situation and 4a,b,d,e were prepared efficiently, keeping the high reactivity toward nucleophiles
in mind, by using the literature method’ (generation of the lithium anions followed by reaction with B(O-i-Pr); to
instal the boron atom on the molecules). Since the method giving aldehyde 4a in large quantity is established, we
explored the reverse possibility. After several trials, the modified Wittig-Horner reaction reported by Masamune®
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was found to be applicable to aldehyde 4a. To the best of our knowledge, this is a rare case of an anionic carbon-
carbon bond forming reaction on a reactive boron-containing substrate.” For preparation of the alkenyl boronate
ester 4g, the method of Suzuki and Miyaura® was found to be more efficient than others which are based on
catecholborane,” pinacolborane,!? or 2,3-butanediol-borane. !

With the above functionalized boronate esters in hand, coupling reactions with allylic acetates were carried
out under the conditions described above (Scheme 1) and results are summarized in Chart 1. In all the cases,
MeZnCl attacked the boron atom on the boronate esters selectively to form the corresponding borates 1 which,
upon reaction with the acetates, afforded coupling products 11-20 in high yields. Among them, the results obtained
with the boronate ester 4a are noteworthy in that: (1) the borate 1a was indeed generated cleanly without attack on
the aldehyde-carbon; (2) the electron-withdrawing nature of the aldehyde-group did not affect the reactivity, thus
giving 11,12, and 19 in good yields without any by-product(s). In addition to this, synthesis of 19 demonstrates
the efficiency of the present methodology since two aldehyde-groups on 19 are differentiated.

In conclusion, we have presented the first example of functionalized hard nucleophiles for the coupling
reaction using allylic alcohol derivatives. The designed zinc borates are highly reactive so that installation of aryl
and alkenyl groups possessing an aldehyde, ketone, and/or ester-group is easily achieved even to a sterically
congested sec-allylic position. Extension of the zinc borate chemistry to other types of catalytic reactions is now
under investigation.

Preparation of the Boronate Ester 4f: A mixture of 4a (204 mg, 1.0 mmol), LiCl (51 mg, 1.2 mmol),
(Et0),P(=0)CH,CO,Et (0.24 mL, 1.2 mmol), and DBU (0.18 mL, 1.2 mmol) in MeCN (4 mL) was stirred at
room temperature overnight and filtered through a pad of silica gel. The filtrate was concentrated to afford the
crude product 8, which was then dissolved in EtOH (10 mL). After addition of 10% Pd/ C (108 mg), the mixture
was flushed with hydrogen, stirred at room temperature overnight, and filtered through a pad of Celite. The
filtrate was concentrated and the residue was purified by chromatography on silica gel to furnish 4f (221 mg, 80%



yield).

General Procedure for the Coupling Reaction: To an ice-cold solution of anhydrous ZnCl, (123 mg, 0.90
mmol) in THF (5 mL) was added MeLi in Et,0 (0.62 mL, 1.46 M, 0.90 mmol). The cooling bath was removed
and the resulting solution was stirred at room temperature for 30 min to prepare a MeZnCl solution. The boronate
ester 4a (193 mg, 0.95 mmol) was added to the solution and, after 30 min of stirring at room temperature, the
allylic acetate 2 (R! = Ph, R2= ¢-C.H,,) (78 mg, 0.30 mmol) and NiCl,(PPh;), (20 mg, 0.03 mmol) were added.
The mixture was stirred overnight at between 40 and 45 °C and poured into a mixture of hexane and sat. NH,Cl
solution with vigorous stirring. The organic layer was separated and the aqueous layer was extracted with hexane.
The combined hexane layers were dried (MgSO,) and concentrated to give an oil, which was purified by
chromatography on silica gel to afford the coupling product 12 (81 mg, 89%).1?
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