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ABSTRACT

A protocol for the dehydrative nucleophilic substitution of benzyl alcohols with a variety of carbon- and heteroatom-centered nucleophiles
using dodecylbenzenesulfonic acid (DBSA) as a surfactant-type Brensted acid catalyst in water has been developed. The reaction system can
be applied to the stereoselective C-glycosylation of 1-hydroxy sugars in water.

Coupling reactions of alkyl halides with nucleophiles are  The use of water as a reaction medium has received
among the most useful protocols for carbaarbon bond considerable attention in organic synthesis due to its many
formation in organic synthesis. The reaction may be further advantages from economical, environmental, and safety
enhanced from the viewpoint of atom efficiency, when standpoint$.In addition, it has been found that reactions in
alcohols are used as substrates instead of alkyl halides, asvater can facilitate access to different reactivity and selectiv-
in this case where water is generated as the sole byproductity patterns compared with those observed in common
for the reactions. However, the catalytic activation of alcohols organic solvents due to its unique physical and chemical
is difficult due to the poor leaving ability of the hydroxyl properties: Although various efficient catalytic systems in
group, and as a result, an excess amount of a Brgnsted aciavater have been developed to date, execution of dehydration
or a stoichiometric amount of a Lewis acid is often required reactions in water is one of the most challenging research
to promote the reactiorisTherefore, the development of a - .
procedure for the nucleophilic substitutions of alcohols using Miz(ﬁ)ggf(’ir’ ?reégﬂggxaé“p}'fanf;a %%Zﬁ?k“c'ﬁerﬁ IFn“t{'té'(ﬂ'\(‘)aG'\”'fg"' K
catalytic amounts of Brgnsted or Lewis acids is highly 2605. (b) Yasuda, M.; Somyo, T.; Baba, Angew. Chem., Int. EQ2006,
desirable and, accordingly, a number of catalytic methods & /7% € Tt B, 168900 N B tiner. A Miguel,
for the promotion of this process in organic solvent systems p -’ Avarez-Gutiérrez, J. M.; Rodriguez, Rdv. Synth. Catal2006,348,
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topics. In the course of our investigation of organic reactions tutions of alcohols using a variety of nucleophiles. Initially,

in water?® we recently reported that dodecylbenzenesulfonic we selected benzhydrol derivatives as the alcohol component
acid (DBSA) efficiently catalyzes dehydrative esterifications because the resulting produdtebtained from the reaction

of carboxylic acids with alcohols and etherification of contain a diarylmethane motif that is an integral part of a
alcohols in watef.In this context, we have been interested number of biologically active and pharmaceutical compounds
in the DBSA-catalyzed dehydrative carbon—carbon bond- (Figure 1). Friedel—Crafts-type substitution reactions of

forming reactions in waterWe herein report the catalytic
nucleophilic substitution of benzyl alcohols with various
carbon nucleophiles in water and describe its application to
the dehydrative C-glycosylation of 1-hydroxy sugérs.
Initially, we examined various Brgnsted acids as catalysts
in the Friedet-Crafts-type substitution reaction of benzhydrol
with 1-methylindole as model substrates in water (Table 1).

Table 1. Effect of Catalysts
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Figure 1. Biologically active compounds.

OH ©\/\> Catalyst (10 mol %) N\Me
PY + N —_— Rt
Ph Ph Me H>C, 80 °C, 24 h
(1.2 equiv) Ph Ph

entry catalyst yield (%)*

1 none 0

2 AcOH 0

3 TFA 3

4 TfOH 8

5 TsOH (4-CH3—CGH4-803H) 3

6 DBSA (C12Hg5-CsHy-SO3sH) 85

7 CoH19COOH 0

a |solated yield.

Common Brgnsted acids such as AcOH, TFA, TfOH, and
TsOH were not effective for this reaction (entries3).
Gratifyingly, however, a surfactant-type Brgnsted acid such
as DBSA was found to catalyze the reaction efficiently to
give the productiain good yield (entry 6). It is interesting
that use of a long-chain carboxylic acid, which is known to
be an effective catalyst for the three-component aza-Friedel
Crafts reaction in watetwas not effective for the reaction
(entry 7), suggesting that both the surfactant property an
the strong Brgnsted acidity of DBSA are essential to promote
the reaction efficiently.

With this information in hand, we investigated the
substrate generality of DBSA-catalyzed nucleophilic substi-

(4) (a) Lindstrom, U. M.; Andersson, Angew. Chem., Int. EQ006,
45, 548. (b) Pirrung, M. CChem.—Eur. J2006,12, 1312. (c) Li, C.-J;;
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benzhydrols containing electron-donating or -withdrawing
groups occurred cleanly on treatment with electron-rich
heteroaromatic or aromatic compounds to afford the desired
triarylmethaneda—e(entries 1—5 in Table 2). Substitution
reactions using active methylene compounds also proceeded
smoothly to give the productsf—h in high yields (entries
6—8). Furthermore, it was shown that even a simple
enolizable ketone could be used as the nucleophile giving
the corresponding produdi in good yield (entry 9). The
present reaction system could also be applied to carbon
nitrogert® and carbon—sulfdt bond formations, and the
desired compounddj—| were obtained in good yields
(entries 10—12).

Next, we examined the substrate generality with respect
to the alcohol substrate, and a variety of benzyl alcohols were
subjected to FriedelCrafts-type substitutions with 1-meth-

gYlindole (Table 3). Pleasingly, it was found that primary,

secondary, and tertiary alcohols could be applied to this
reaction and that the desired 3-substituted inddéesy were
obtained in moderate to good yieltfsSubstrates containing
heteroaromatic and allylic alcohols also worked well in this
reaction (entries 4 and 5).

To expand the utility and applicability of the present
system, we next focused on its application to the stereo-
selective dehydrative C-glycosylations of 1-hydroxy sutjars
in water. Because of the biological and synthetic importance
of C-glycosides andC-nucleosides, the development of

(10) For C-N bond formation with alcohols in organic slovent, see: (a)
Motokura, K.; Nakagiri, N.; Mori, K.; Mizugaki, T.; Ebitani, K.; Jitsukawa,
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Table 2. Nucleophilic Substitution Reactions of Benzhydrols Table 3. Nucleophilic Substitution Reactions of Benzyl

in Water Alcohols in Water
OH DBSA (10 mol % Nu R! R2
J_+  N-H W Ao R! R? @E\> DBSA (10 mol %) )
A A i ,80°C, A A +
r r (1.2 equiv) 2 oo r r ArXOH I\N/Ie H,0, 80 °C, 24 h Ar |
(Ar = Ph, 4-MeO-CgHj or 4-F-CgHy) NSy (';V";o CeHa (1.2 equiv) NMe
64 : rYAY]
entry Nu-H product yield (%)° entry alcohé); yield (%)
T o 85 (1a) 1 75 (2a)
Céf © OMe
¢ 99
Ph’ Ph
2 Me 73 (2b)

nge 92 (1b) J@)\ on
&
MeO

3 Me 63 (2¢)
3 N 92 (1c) oH
Me 7
FAr” TAF 4 e 85 (2d)
b s i OH
4 Me@ Me 94 (1d) \
\EO 5 )O:A 86 (2¢)
MeOAr” SArOMe Ph # Ph
5 OMe OMe 89 (1e) 6 Ph){h 96 (2f)
/@\ Ph”” ~OH
MeQ OMe Meo/@\OMe 7 My”e 95 (2g)
Ph” “OH
Ph” Ph
6° U g O 82 (lf) 2 |solated yleld
PH Ph Ph)J\A(kPh
Ph” “Ph o _
- o the viability of our methodology, we selected the reaction

(o]
Ph)J\/cN Ph)tCN 93 (1g) of 1-hydroxyo-ribofuranose with electron-rich hetero-

b o]
8 : :l(/ j& 92 (1h) Scheme 1. C-Glycosylations of 1-Hydroxy Sugar in Water
COOMe
BnO. BnO Ar

MeOOC 0 O DBSA (10 mol % (¢}
MeOAr™ “AroMe Off + ArH ﬁz ’
2\,
9t o] 76 (1i) BnGC OBn BnC OBn
[ j CMe
° Me, o}
COAr” “ArOMe N NH
10 N N 62 (1j) Bno._ Me™ BnO.MeO OMe |HO N0
N N,‘N [+24 (1j°)] o] o o
Ph)\Ph
BnO OBn BnO OBn HO OH
114 /?L Cbz.\ 84 (1k) 3a:61% (a./p=1/>20) 3b:62% (a/p=1/>20) Showdomycin
BnO” “NH, on /kph [Ar-H: 1.2 equiv, 40 °C]  [Ar-H: 3 equiv, 80 °C]
128 Ph-SH Ph.g 83 (1)
PN . .
i i u - -
Ph” "Ph aromatic or aromatic compounds as a model of C-glycos
2 Isolated yield? Nu—H (2 equiv).¢ Nu—H (3 equiv).4 Nu—H (5 equiv). lation and were delighted to discover that the reactions
¢ Isomerization product]’ was obtained in 24% yield. proceeded smoothly to afford the correspond@igucleo-
N Ph . - . . .
@i NP sides3a'® and3b'’ in good yields with exceller-selectivity
N Ph
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(Scheme 1). The synthesis@fnucleosidesb is of particular system could be applied to stereoselective C-glycosylations

note as it is a key intermediate in the total synthesis of of 1-hydroxy sugars. This simple system offers an efficient

showdomycint® method for the synthesis of various biologically interesting
In summary, we have developed a method for surfactant- compounds.

type Brgnsted acid catalyzed dehydrative nucleophilic sub- ) _
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