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Abstract Demethylation of eugenol with aluminum triiodide is com-
plicated by an unexpected hydrogenation side reaction. The hydroge-
nation proceeds through a cascade deprotonation, hydroiodination,
and hydrogen-halogen exchange process, and can be prevented by
suppressing the hydroiodination in advance. A practical demethylation
procedure is thus developed that delivers hydryoxychavicol in essential-
ly quantitative yield by using pyridine as an additive. The method is se-
lective towards cleaving alkyl o-hydroxyphenyl ethers and is compatible
with a variety of functional groups.
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Hydroxychavicol is a phenolic antioxidant isolated from
betel leaf.! The phytochemical shows potent pharmaceuti-
cal activities such as antimutagen,? antimicrobial,? and in-
hibitions of prostate cancer* and platelet aggregation.’ It is
also a useful building block for syntheses of pharmaceutical
targets. Demethylation of eugenol provides a short syn-
thetic route to hydroxychavicol. While many methods exist
in literature for cleaving ethers, deprotection of this type of
methyl o-hydroxyphenyl ether proves difficult. Convention-
al Lewis acids such as BCl;,%¢ BBr3,62 AlCl;—-Me,S,” AlCl;-pyr-
idine,® All;,° LiCI-DMF,1%-11 SjCl,~Nal,'?> and Ph,PLi'* were
inefficient and afforded the product in merely moderate to
low yields due to the existence of the o-phenolic hydroxyl
and the acid-labile allyl group. The ether-cleaving effect of
All; can be improved by using TBAI as an additive,'* as wit-
nessed by numerous late-stage exhaustive demethylation

eugenol hydroxychavicol

transformations.'® Surprisingly, an unexpected hydrogena-
tion of the allyl chain occurred concurrently with demeth-
ylation when treating eugenol with All;-TBAI and afforded
4-propylcatechol in 81% yield.!® A noteworthy progress was
achieved by stabilized IBX affording hydroxychavicol in 77%
yield.!” Thus, a convenient and practical method is still
lacking for the one-step demethylation of eugenol.

A survey of literature showed that olefins can be conve-
niently saturated through aluminum trihalide catalyzed
ionic hydrogenation using alkanes as hydride donors.'® This
reaction had been applied successfully to hindered and de-
activated substrates such as unsaturated fatty acids,!® a,B-
unsaturated ketones,?%?! and o,B-unsaturated amides.??> The
inconsistent results for the demethylation of eugenol using
All;® and All;-TBAI'® as well as the remarkable high effi-
ciency by the later reagent'® prompted us to question if the
hydrogenation side reaction could be suppressed.

We surmised that the o-hydroxyl group was possibly in-
volved in the unexpected hydrogenation during All;-TBAI
induced demethylation,'® and set out to intercept early in-
termediates. When a mixture of eugenol and All; (2 equiv)
was stirred overnight in refluxing hexane in the absence of
TBAI, 2 was isolated in 62% yield. The result is consistent
with that reported by Deffieux and co-workers.!® To our de-
light, two intermediates were isolated and were character-
ized as 3 and 4 when the amount of All; was reduced by
half (Scheme 1).23 Intermediate 3 is obviously the hydroio-
dination product of eugenol; accordingly, demethylation of
3 leads to intermediate 4.

We next turned to question if 4 could be hydrodeiodid-
ed to afford 2 under current conditions. Hydrogenation of
alkyl halides by alkanes via hydrogen-halogen exchange
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Scheme 1 Reagents and conditions: (a) All; (2.0 equiv), hexane, 80 °C,
18 h, 62%; (b) All; (1.0 equiv), hexane, 80 °C, 18 h; (c) All; (2.0 equiv),
hexane, 80 °C, 18 h, 100%; (d) All; (1.1 equiv), CS,, r.t., 18 h.

has long been known.?* The reaction proceeds through in-
termolecular transfer of hydrides from alkanes to carboca-
tion ions generated in situ by aluminum trihalide induced
disassociation of alkyl halides. For example, several alkyl
halides were hydro-dehalogenated by AlCl; under Friedel-
Crafts alkylation conditions.?>25 As expected, the propyl io-
dide 4 was successfully hydrodeiodinated by All; in reflux-
ing hexane and afforded 2 in quantitative yield.

The isolation of 4 suggests that the hydro-deiodination
proceeds slower than the intramolecular demethylation.?’
When carried out in a hydrogen-free solvent such as CS,, 3
and 4 were still isolated (Scheme 1), suggesting that the hy-
droiodination shall be prevented in advance to harness the
undesired hydrogenation of the allyl chain of eugenol (1).

We postulated that a HI scavenger might meet the need
and leave the allyl group intact. Reported HI scavengers in-
clude limonene,?® zeolites,?® and phloroglucinol.3%3! Both 3
A and 4 A molecular sieves were found to be ineffective for
the transformation. The successful application of AlCl;-pyr-
idine® in demethylation of methyl o-hydroxyphenyl ethers
inspired us to neutralize HI with an organic base for the
ease of operation.3? Fortunately, hydroxychavicol (5) was
obtained upon the addition of pyridine and eugenol to a
stirred suspension of All; in refluxing hexane.

Actions of various bases and solvents were investigated,
as summarized in Table 1. When the solvent was changed
from hexane to MeCN, the yield increased remarkably (en-
tries 1 and 2), and reached 99% when 4.5 equivalents of
pyridine were used (entry 2). The yield was markedly af-
fected by the amount of pyridine (entries 2-5). Replace-
ment of pyridine with PhNMe, resulted in complete con-
sumption of eugenol although 5 was not observed (entry 6).

Application of sterically bulky DIPEA afforded the prod-
uct in merely 15% yield (Table 1, entry 7), whereas no con-
version was observed when triethylamine was used (Table
1, entry 8). Use of 2,6-lutidine gave a similar result (Table 1,
entry 9) as pyridine. The effect of DMAP was between that
of pyridine and PhNMe,, and afforded 5 in a moderate yield
(Table 1, entry 10). Thus the best demethylation conditions

Table 1 Screening of Demethylation Conditions

Allz (1.1 equiv)
m base (n equw) HO |
80 °C,18h HO

5 (hydroxychavicol)

Entry Base n Solvent Yield (%)?
1 pyridine 4.5 hexane 67
2 pyridine 4.5 MeCN 99
3 pyridine 1.5 MeCN 75
4 pyridine 3 MeCN 78
5 pyridine 5 MeCN 93
6 PhNMe, 4.5 MeCN 0b
7 DIPEA 4.5 MeCN 15¢
8 Et;N 4.5 MeCN 0c
9 2,6-lutidine 45 MeCN 92

10 DMAP 4.5 MeCN 48

3 Isolated yield.
b Eugenol disappeared.
¢ Low conversion.

consist of stirring eugenol with All; (1.1 equiv) and pyridine
(4.5 equiv) in refluxing MeCN for 18 hours. The conditions
are similar to that for AlCl;-pyridine.333

One marked difference between AlCl; and All; exists in
the fact that the former reagent can be used in combination
with a variety of tertiary amines including PhNMe, and
Et;N in the demethylation of vanillin; the later reagent,
however, turned to be completely ineffective when PhNMe,
and Et;N were used for the demethylation of eugenol (Table
1, entries 6 and 8). It is noteworthy that DIPEA turned to be
slightly active towards eugenol (Table 1, entry 7). The dis-
crepancy between DIPEA and Et;N indicates that the cata-
lyst of the demethylation is a complex formed by All; and
the base used.

With the optimised conditions in hand>* we next
turned to screen its scope and limitations, as listed in Table
2. Dehydrodieugenol (6a) was demethylated in a similar
mode to give 7a in 96% yield (entry 1). Vanillin (6b) and iso-
vanillin (6¢) were converted into protocatecualdehyde (7b)
in 94% yields (entries 2 and 3). Cleavage of ethylvanillin (6d)
and 2-isopropoxyphenol (6e) proceeded in moderate yields
(entries 4 and 5). It is interesting to note that AlCl;—pyridine
is suitable for demethylation only; bulkier alkyl groups
such as an ethyl group will result in markedly reduced
yields.?> The method is compatible with substrates 6e-j
containing cyano (entry 6), nitro (entry 7), formyl (entries
2-4, 7, 10), carboxylic (entry 8), acetyl (entry 9), and halo-
gen (entry 10) groups, and delivered the corresponding cat-
echols 7c-h in moderate to high yields.
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Table 2 Scope and Limitations of All;-Pyridine for Cleaving Alkyl o-Hy-

droxyphenyl Ethers34

All3 (1.1 equiv)
Alk-O AN pyridine (4.5 equiv) HO 2
| R —R
Ho™ \F 80 °C, 18 h Hoo NF
6 7
Entry Substrate Product Yield (%)>P
MeO! HO!
HO HO
1 HO! HoI %
MeO HO
6a 7a
MeO. CHO HO CHO
HO HO
6b 7b
HO CHO  HO CHO
LS S s
MeO HO
6¢ 7b
EtO. CHO HO CHO
TS O A & s
HO HO
6d 7b
i-PrO HO
S SRS ¢ I
HO HO
6e 7c
MeO CN HO CN
S LS & S
HO HO
6f 7d
MeO. CHO HO CHO
SRS O A & S
NO, NO,
6g 7e
MeO CO.H HO. CO.H
COTT O
HO HO
6h 7f
(e} [0}
MeO HO
9 75
HO HO
6i 79

Table 2 (continued)

32

Product )20

Entry Substrate

HO CHO HO CHO
MeO Br HO Br

Yield (

6j 7h
MeO. CHO
MeO
6k
OH
MeO CHO
12 - 0c
6l

2 |solated yield.

b All products were characterized by NMR spectroscopy and were com-
pared with literature data.

¢No conversion.

The method has its limitations. It is ineffective towards
veratraldehyde (6k), demonstrating that the o-hydroxyl
group is crucial to the ether cleavage (Table 2, entry 11). It
also suggests that All; lost its extraordinary oxophilicity!®
in the presence of pyridine.3> Another limitation arises from
competing coordination between methoxy oxygen and ba-
sic ortho functional groups. Thus no conversion was ob-
served when treating o-vanillin (61) with All;—pyridine (Ta-
ble 2, entry 12). Demethylation of the substrate by AlCl;-
pyridine was similarly unsuccessful because the formyl ox-
ygen is more basic than methoxy oxygen.>?

Based on these findings, a mechanism for the reaction
between All; and eugenol is proposed, see Scheme 2. The o-
hydroxyl group serves as an anchor for deprotonation and
subsequent demethylation. Deprotonation of the hydroxyl
group of eugenol by All; gives equal molar amount of phe-
nolate 8 and HI. Subsequent hydroiodination gives the iso-
propyl iodide 9. Demethylation of 9 leads to a five-mem-
bered cyclic intermediate 10. Hydrolysis of 9 and 10 gives 3
and 4, respectively. Hydrogen-halogen exchange between
10 and an alkane (the solvent) in the presence of All; fol-
lowed by hydrolysis eventually furnishes 2. Lange’s mecha-
nism for AICl;-pyridine-catalyzed cleavage of alkyl o-hy-
droxyphenyl ethers3? was adopted to interpret the reaction
between hydroxychavicol and All;-pyridine. The base coor-
dinates with All; to form a complex, which is active towards
phenolic hydroxyl group. Eugenol is then deprotonated by
the complex to give phenolate 8, and the concurrent HI is
scavenged by another molecule of base. Coordination of the
o-methoxyl group to the Lewis acidic center gives a five-
membered cyclic intermediate 11 after releasing methyl io-
dide either as a gas or a water soluble salt. Finally, hydroly-
sis of phenolate 11 furnishes hydroxychavicol (5). The role

© Georg Thieme Verlag Stuttgart - New York — Synlett 2016, 27, A-E

Downloaded by: Cornell. Copyrighted material.



Synlett D. Sang et al.

Letter

MeO Al MeO Al MeO 'l agHci MeO !
| —_— | + H| —_— —_—
HO 1LAIO 1,AIO HO
1 8 hydroiodination
l Allg pyridine l

Me

1
,:0 HO (1) All, alkane 0 Il aqHcl HO

N Il +pyridinesHi -~ |IA —
(0] HO (2) ag HCI o] HO

8 2

9 =
Y

10

i hydrogen—halogen exchange

,O aq HCI HO
- O
o HO

1 5

Scheme 2 Proposed mechanism for All;-induced demethylation and hydrogenation of eugenol

of pyridine-HI in the demethylation can be negated, since
pyridine-HI-catalyzed intramolecular hydrogen-bonding-
enhanced demethylation does not occur in MeCN.3®

In summary, All;-induced demethylation and hydroge-
nation of eugenol was studied. The hydrogenation proceeds
through a cascade deprotonation, hydroiodination, and
hydrogen-halogen exchange process. The side reaction
could be suppressed by blocking the hydroiodination in ad-
vance. A practical ether cleavage procedure is developed for
the demethylation of eugenol and affords hydroxychavicol
in essentially quantitative yield. The method is compatible
with a variety of functional groups. Further evaluation of
this ether cleavage method as well as the scope of All;-al-
kane-induced ionic hydrogenation of olefins and alkyl ha-
lides is in progress and will be disclosed in due course.
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