COMMUNICATIONS

Extremely Facile and Selective
Nickel-Catalyzed Allyl Ether Cleavage

Takahiko Taniguchi and Kunio Ogasawara*

The use of an allyl ether functionality, which is stable under
both acidic and basic conditions, for the protection of alcohols
and phenols will become more common provided that more
effective procedures for the removal of the allyl group to
regenerate the hydroxyl functionality become available.l?
Most generally, two strategies have been used for the removal
of allyl ether groups: a two-step process in which the double
bond of the allyl group is isomerized and single-step
procedures employing a variety of conditions.l! However,
these methods are still less than satisfactory for practical use.
We now report a simple and efficient single-step procedure
for the chemoselective removal of the allyl functionality of
both aliphatic and aromatic allyl ethers by treatment with a
small excess of diisobutylaluminum hydride (DIBAL) in an
aprotic solvent in the presence of a catalytic amount of
dichloro[propane-1,3-diylbis(diphenylphosphane)nickel(r)
[NiCl,(dppp)].Bl Most importantly, the cleavage occurrs
chemoselectively only at the allyl(2-propenyl) ether function-
ality with expulsion of propene even when a substituted allylic
ether moiety is present in the same molecule [Eq. (a)].
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The cleavage reactions of the allyl ethers of 4-methoxy-
phenol (2a), 2-phenylethanol (2b), (L)-menthol (2¢), choles-
terol (2d), and 1-adamantanol (2e), representatives of
phenolic, primary, secondary, and tertiary allyloxy substrates,
were first examined [Eq. (b), Table 1]. Thus, treatment of an
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ice-cooled solution of the substrates 1a—e and [NiCl,(dppp)]
(1 mol%) in an aprotic solvent such as diethyl ether with
DIBAL in toluene (1.5M, 1.5 equiv) afforded the deallylation
products 2a—e cleanly in excellent yields. Product 2a was
obtained in comparable yields in a range of solvents (Table 1,
entries 2—4). The same reaction also occurred when NaBH, in
THF/EtOH was used in place of DIBAL (Table 1, entry 5).
Importantly, no deallylation occurred in the absence of the
nickel catalyst.[*3 Moreover, none of the enol ether inter-
mediates could be isolated from the reaction mixtures.

In order to clarify the reaction pathway, the reaction of the
4-methoxyphenyl ether 1a was carried out in CDCl;, and the
mixture was examined directly by 'H NMR (300 MHz)
spectroscopy. Although the signal of the allylic methyl group
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Table 1. [NiCl,(dppp)]-catalyzed deallylation of simple monoallyl ethers.

Entry  Sub- R Solvent t [h] Product Yield
strate [%]@

1 1a 4-MeOC¢H, toluenel® 2 2a 90

2 1a 4-MeOCH, CH,CLM 2 2a 86

3 1a 4-MeOC¢H, THFM 2 2a 88

4 1a 4-MeOCH, Et,OM 2 2a 90

5 la 4-MeOC¢H, THF/EtOH 2 2a 82

(4:1)kl

6 1b PhCH,CH,  Et,0m 2 2b 85

7 1c (L)-menthyl  Et,0P 3 2¢ 97

8 1d cholesteryl Et,0Ol] 2 2d 95

9 le l-adamantyl  Et,O 3 2e 80

[a] Yield after SiO, column chromatography. [b] Reaction was carried out
with DIBAL (1.5equiv) and [NiCl,(dppp)] (1 mol%) at 0°C—RT.
[c] Reaction was carried out with NaBH, (3.0 equiv) and [NiCl,(dppp)]
(4 mol %) at 0°C —RT.

could not be discerned due to overlapping signals, the signals
of three olefinic protons attributable to propene!® appeared
clearly at 0 =5.81 (1H, m), 5.02 (1H, brd, /=173 Hz), and
493 (1H, brd, J=10.2 Hz) supporting a nickel-catalyzed
hydroalumination —elimination pathway!”! (Scheme 1).
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Scheme 1. Proposed mechanism for the nickel-catalyzed cleavage of allyl
ethers with DIBAL.

The cleavage of a series of the diether substrates 3a—j
having an allyl ether functionality at one end and another
hydroxyl protecting group at the other end also proceeded
chemoselectively at the allyl end though some cases required
modified conditions [Eq. (c), Table 2]. Treatment of sub-
strates 3a—g afforded products 4a—g in excellent yields,
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(c}
3a-j 4a-j
except for the bis-allyl substrate 3d which underwent double
deallylation. Interestingly, the reaction of 3e occurred selec-
tively at the allyl end even though a prenyl group was located
at the other end. It is also interesting to find that the cleavage
occurred selectively at the allyl end of methoxymethyl
(MOM) and tetrahydropyranyl (THP) ethers (3f and 3g,
respectively), since acetal functionalities are is known to be
susceptible to DIBAL.® ! Similarly, the reaction of diaster-
eomeric furanose allyl acetals a-5 and (-5 gave the same
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Table 2. [NiCl(dppp)]-catalyzed deallylation of diethers.

Entry  Substrate R Solvent Product Yield
[%] [a]

1 3a BuMe,Si Et,Ol! 4a 92

2 3b 4-MeOCH, Et,OM 4b 95

3 3¢ benzyl Et,Ol") 4c 95

4 3d allyl Et,Ol 4d 51

5 3e prenyl Et,Ol! de 80

6 3t MOM Et,Olt] 41 90

7 3g THP Et,0M! 4g 89

8 3h acetyl THF/EtOH (4:1)€  4h 73

9 3i pivaloyl THF/EtOH (4:1)  4i 85

10 3j benzoyl THF/EtOH (4:1)1  4j 80

[a] Yield after SiO, column chromatography. [b] Reaction was carried out
with DIBAL (1.5 equiv) and [NiCl,(dppp)] (1 mol%) at 0°C —RT, 2 h.
[c] Reaction was carried out with NaBH, (4.0 equiv) and [NiCl,(dppp)]
(4 mol %) at 0°C —RT.

hemiacetal mixture 6, in which the the acetonide functionality
is intact, by selective deallylation and spontaneous epimeri-
zation [Eq. (d)]. However, the reaction was found to proceed
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RS e
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much better when triethylaluminum was used in place of
DIBAL, because the hemiacetal functionality is more stable
with the former reagent. Although ester functionalities
(acetyl, pivaloyl, and benzoyl) are not incompatible with
DIBAL as a reagent, when the ester substrates 3h—j were
treated with NaBH, in THF/EtOH the corresponding hy-
droxy esters 4h—j were obtained in good yields (Table 2,
entries 8—10).

Chemoselective cleavage of the allyl functionality was also
demonstrated by the reaction of the allyl ethers of allyl
alcohols [Eq. (e), Table 3]. Thus, the reaction of allyl (Z)-4-
benzyloxy-2-butenyl ether (7a) occurred selectively at the

__ DIBAL _
/A —_— /—\

BnO—CH, CH,OR INCly(dppp)l  BnOCH, GH,OH @
7a-¢ Et0 8

nonsubstituted allyl end to give the corresponding allyl
alcohol 8a in good yield. Facile chemoselective cleavage at
the nonsubstituted allyl end was also observed with the
secondary allylic substrate 9 to give the secondary allylic

Table 3. [NiCL(dppp)]-catalyzed deallylation of diallyl ethers.

Entry Substrate R t[h] Product  Yield [%]®
1 Ta allyl 210 8a 71
2 7b prenyl 12001 8b 0fel
3 Tc benzyl 1200 8c 0tel

[a] Yield after SiO, column chromatography. [b] Reaction was carried out
in Et,0 with DIBAL (1.5 equiv) and [NiCl,(dppp)] (1 mol %) at 0°C —RT.
[c] Starting material was recovered unchanged.
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alcohol 10 in 93% yield [Eq. (f)]. On the other hand, no
reaction occurred with either prenyl and benzyl (Z)-4-
benzyloxy-2-butenyl ethers 7b and 7¢, respectively, under
the same conditions (Table 3).

v
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The present study offers an extremely facile and selective
deallylation procedure for a variety of allyl ethers and also
confirms that the reaction proceeds by nickel-catalyzed
hydroalumination—elimination. Because of its simplicity
and chemoselectivity, this procedure will undoubtedly extend
the use of allyl groups for the protection of a variety of
hydroxyl compounds.

Experimental Section

To a stirred solution of 1a (100 mg, 0.6 mmol) and [(dppp)NiCl,] (3 mg,
6 umol) in Et,0l'” (2 mL) under argon was added dropwise DIBAL (1.5m
in toluene, 600 «L, 0.9 mmol) at 0°C. The mixture was stirred for 5 min at
the same temperature and then for 2 h at room temperature. The mixture
was diluted with Et,0 (3 mL), quenched by addition of H,0O (600 pL) and,
after stirring for 1 h, dried directly over MgSQ,, filtered through a Celite
pad, and concentrated under reduced pressure to leave the crude product,
which was chromatographed on silica gel (3 g, Et,O/hexane 1/4 v/v) to give
pure 2a (68 mg, 90%).
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