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ABSTRACT
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A novel catalytic activation of the leaving group in the S
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n2 reaction is achieved as an extension of our mercuric triflate-catalyzed reactions.
Derivatives of anilinoethyl 4-pentynoate reacted smoothly with catalytic amounts of Hg(OTf)

» to give indoline derivatives in excellent yield with

efficient catalytic turnovers under very mild conditions. The reaction of optically pure secondary alcohol derivatives resulted in inversion of

stereochemistry, which is a definitive feature of the S

n2 reaction. The procedure is applicable for benzoazepine synthesis.

The S2 reaction is a single-step reaction via a transition catalyzed reactions> Recently, we found that the Hg(OFf)
state as formulated by Hughes and Ingold in 1937, and it is complex showed highly efficient catalytic activity based upon

a principal backbone of organic chemistryMitsunobu
developed the second generation g2 $eactions of alcohol

a significant affinity for the alkynyl group as well as an
efficient protodemercuration sequence resulting in regenera-

using diethylazodicarboxylate, benzoic acid, and triphen- tion of Hg(OTfp6 We found that the Hg(OTfjtetra-

ylphosphine, the so-called Mitsunobu reactiéiso far, the

Sy2 reaction has been recognized as a stoichiometric
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group for the {2 reaction as an extension of our original
mercury(ll) trifluoromethanesulfonate [hereafter Hg(QJ)
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methylurea (hereafter TMU)-catalyzed cyclization of alky- || |||
-noic acidl to y-methylene-ylactone2 is extremely rapid?2 Table 1. Hg(OTf-Catalyzed §2 Reaction of5 To Give 6
and we used the alkynoic acid residue as the leaving group

for Hg(OTf),-catalyzed glycosylations such 8o 4, i.e., Hg(OTf), time ~ _yield (%r
the typical &1 reaction’® Now, we have turned our attention ~_entry  (mol %) solvent () 6 5
to the Hg(OTf)-catalyzed {2 reaction using the alkynoic 1 5 CH3;CN 0.5 10 62
acid residue as the leaving group. An anilinoethanol deriva- 2 5 MeO-t-Bu 0.5 8 53
tive 5 was designed as a substrate, which underwent a novel 3 5 CH3NO; 0.5 90 -
catalytic S2 reaction that generated indolién high yield 4 1 CH;NO, 24 trace 94
with excellent catalytic turnover under very mild reaction 5 5 CeHsCHs 05 88

. 6 1 CgH5CH3 0.5 trace 96
conditions. We also found that the Hg(OFfatalyzed {2 7 5 (CH,Cl)s 05 96
reaction of the optically pure secondary alcohol derivative 8 1 (CH,CD), 0.5 39 59
(9-16 proceeded with inversion of configuration to giv&) 9 5 CH,Cly 0.5 96
13in >99% ee. Furthermore, the procedure was shown to 10 1 CHClp 0.5 96
be applicable to the syntheses of tetrahydroquinoline, tet- 11 0.2 CHoCle 24 trace 95

rahydrobenzoazepin, and chroman. a|solated yield.

Scheme 1. Hg(OTf),-Catalyzed Reactions

sample. Catalyst at 0.2 mol % afforded only trace amounts
of product even in CkCl, (entry 11). Mercuric acetylide

HO._O Hg(OTf8TMU - : o :
\]4\// (1 mol %) o] formation is a possible catalyst suicide mechanism but the
~ ’ t): level of this possible side product was too low to defect.
95% . . -
1 2 The reaction ob is thought to be initiated bg-complex-
BEB%&/ Hok ation of an alkynyl group with Hg(OT$)as seen in8
BnO 00 e (Scheme 2). Nucleophilic participation of the carbonyl group
Bro \i/// s,
mol %

RN |
no BnO Scheme 2. Proposed Mechanism of Hg(OFfLatalyzed {2

91% Reaction

1
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Reactions of 4-pentynoat® with 5 and 1 mol % of
Hg(OTf), (prepared in CBHCN and employed as GEN
solutions) were examined in various solvents such as
CHsCN, MeO+-Bu, CHNO,, CgHsCHs, (CH2C|)2, and
CHCIl,, at 25°C for 30 min (Table 1). The optimum
conditions were found to be using 1 mol % of Hg(O:Tf)
and CHCI, giving rise to indoline6® in 96% yield (Table
1, entry 10). Enol lactong was identified in the NMR leads to oxocarbenium cati®and this cationic residue acts
spectrum of the crude extract by comparison with authentic as the highly efficient leaving group for theBreaction.

Nucleophilic attack of the nitrogen group produces indoline
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Scheme 3
Cr% -
R
R
NHTs m[ N
(£)-12: R =CH, (2)-13: R=CH,
(£)-14: R = C4Hg (£)-15: R = C4Hq

S\2 reaction. However, & reactions can also take place

alcohol derivatives. Treatment of§-12 with 1 mol % of

Table 3. Hg(OTf),-Catalyzed §2 Reaction in CHCl,

substrate conditions Hg(OTf), (mol %) product (% yield)a

L
i, 2.5 h, in CH,Cl, (1 mol %) 91%

on secondary carbons. Thus, we next examined the secondary W )\5
NHTS 25

Hg(OTf), in CH,CI, at 25°C for 30 min afforded £)-13'*

in only 10% vyield leaving 70% unreacted starting material

(Scheme 3). However, the reaction in &Hb under reflux

conditions for 30 min afforded#)-13 in 86% yield. The

butyl homologue £)-14 was also converted taH)-15under
the same conditions in 72% yield.

Table 2. Hg(OTf),-Catalyzed Reaction in Ci€l, To Give
(R)-13

Hg(OTf), temp time yield®

entry (mol %) °C) (h) (%) % ee
1 10 43 0.5 86 93
2 1¢ 25 3 94 95
3 1¢ 0 24 27 97
4 5¢ 25 3 94 93
5 10¢ 0 2 95 94
64 1¢ 25 2 82 97
7d 1¢ 0 3 80 98
8¢ 1¢ —10 14 66 >99

a|solated yield.? CHsCN solution of Hg(OTf} was employedS CHsCN
was completely evacuate#iReaction of (S)-16.

A signature feature of they@ reaction is the stereochem-

ical inversion. Thus, the reaction of optically pui®){12?
with 1 mol % of Hg(OTf} in CH,CI, at 43°C for 30 min

1t, 2 h, in CHCly (1 mol %) 99%

@gﬁ“m

m,12h,inCHClL (1 mal %) 1S 33%
reflux, 2.5 h in CH.Cl, (1 mol %) 53%

rt, 10 h, in CHxCly, (1 mol %) 69%

T

30 ,20h,in CHCly (1 mol %) 5%

reflux, 18 h, in CHyCl, (1 mol %) 5%
©\/I\;';V 31
M, 12 h, in CHoCly (1 mol %) 6%

reflux, 17 h, in {CHCl), (1 mol %) 36%
reflux, 14 h, in (CHxCl)», (10 mol %)  89%

o s

b
1,12 h,in CDCly (1 mol %) 29%

was examined. The product obtained in 86% yield was shown
to be R)-13as determined byof]p data with 93% ee based
on the chiral HPLC analysis (Table 2, entry'3)Then, we
found that complete removal of GAN from the reaction

@q% sol

Scheme 4
Cr< CI-
NHTSs ml N
(8)-12 (R)-13
(8)-16 18

(11) Liu, X. Y.; Li, C. H.; Che, C. M.Org. Lett.2006,8, 2707—2710.
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1, 12 h, in CDCly (1 mol %) 50% 59%

a|solated yield? NMR yield with CH,Br, as an internal standard.

mixture increases the reactivity of Hg(OZ,fand the reaction
of (S)-12with 1 mol % of Hg(OTf} was completed within
3 h even at 25C, affording (R)-13n 94% vyield and 95%
ee (entry 2). Although the reaction at°@ afforded the
product in 97% ee, the yield was only 27% after 24 h (entry
3). Increased catalyst loading did not increase the optical
purity of product (entries 4 and 5). Finally, we changed the

(12) Absolute structure ofS)-N-(2-(2-hydroxypropyl)phenyl)-4-meth-
ylbenzene sulfonamide$(-23] was established by the Kusumi method by
preparing (- and (3-MTPA derivatives. Ohtani, |.; Kusumi, T.; Kashman,
Y.; Kakisawa, H.J. Am. Chem. S0d.991,113, 4092—4096.
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leaving group to 2-ethynylbenzoate and prepar8y-16
(Scheme 4). Reaction o8§-16with 1 mol % of Hg(OTf)

in CHyCI, at 25°C for 2 h afforded R)-13in 82% vyield
with 97% ee (entry 6) along with exomethylene lactdite
Furthermore, the same reaction &®for 3 h also afforded
(R)-13in 80% yield with 98% ee (entry 7), while the reaction
at—10°C for 14 h affordedR)-13in 66% yield with>99%

yield after 2.5 h at reflux temperatutéwhile 2-ethynyl-
benzoate29 afforded 28 in 69% vyield even after 10 h at
room temperature. Tetrahydrobenzoazepin synthesis by the
reaction with 4-pentynoate0'® failed; however, the reaction

of 2-ethynylbenzoat82 with 1 mol % of Hg(OTf} at reflux
temperature in dichloroethane afford&bin 36% yield along

with hydrated ketonic product and starting material in 34%

ee (entry 8). In the latter case we detected the occurrence ofand 19% vyield, respectively, even though the reaction was

hydrated product8 in 27% yield. Thus, we obtained the
stereochemical inversion with this novel catalytic activated
S\2 reaction.

Scheme 5

(:(YOH :
R
H
NH, E)\/XO\H/\ 9 ©\/\<O
O
22

C4Hy (5)-23

4-Pentynoate$, (+)-12, and {)-14 were prepared from
corresponding aminoalcohof®# (£)-20® and (&)-216
via tosylation followed by esterification (Scheme 5). Opti-
cally pure (S)-12>99% ee) and (S)-1@ere prepared by
HPLC separation of diastereomeric menthol derivat®2s
followed by hydrolysis to $)-23? and re-esterification with
4-pentynoic acid and 2-ethynylbenzoic acid, respectively.

The applicability of the procedure to the preparation of

carried out under extra dry conditions. A 89% yield 3if
was accomplished by using 10 mol % of catalyst at reflux
in dichloroethane for 14 K Although the procedure is not
suitable for benzofuran synthesis from 2-ethynylbenzoate as
33 afforded34°in only 29% NMR vyield along with hydrated
ketone formation, synthesis of chroma@was achieved in
acceptable yield (NMR yield 59%, isolated yield 50%) by
using 1 mol % of catalyst in CDGF°

Thus, we have developed a novel catalytic activation of
the leaving group for a& reaction using 4-pentynoate or
2-ethynylbenzoate as the leaving groups and our original
reagent, Hg(OT#) as the catalyst, which proceeds with high
catalytic turnover under very mild reaction conditions.
Although partial epimerization occurred when the leaving
group was 4-pentynoate, the problem was lessened by using
2-ethynylbenzoate. The procedure was shown to be applic-
able for tetrahydroquinoline, benzoazepine, and chroman
syntheses, but not for the synthesis of dihydrobenzofuran.
We are now working on the application of this process to
intermolecular {2 reactions.
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