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An efficient method for the preparation of various 2-
substituted-1,4-benzodioxanes by CuBr-catalyzed tandem re-
actions of 2-((o-iodophenoxy)methyl)oxiranes with phenols
has been developed. The reaction involves the ring-opening
process of 2-((2-iodophenoxy)methyl)oxirane followed by an
intramolecular C-O cross coupling cyclization.

Compounds containing 1,4-benzodioxane structures have received
special attention in chemical, medicinal and pharmaceutical re-
search, mainly due to their important biological activities and nat-
ural occurrence. Presently, there are numerous 1,4-benzodioxane
derivatives that have been reported with fantastic bioactivities
and some typical examples are outlined in Fig. 1. Spiroxatrine
A, with a high affinity for serotonin (5-hydroxytryptamine,
5-HT) receptor, has been shown to possess some neuroleptic
activity.! N-Hydroxyureas (B) based on the 1,4- benzodioxane
template could act as inhibitors of 5-lipoxygenase,> while 5-
benzylidene-thiazolidine-2,4-dione (C) is claimed to have glycogen
phosphorylase inhibitor activity.* Some derivatives are recognized
as o- or B-blocking agents and could be used in antidepression or
antihypertension therapy, such as piperoxan (D) and so on.* More
importantly, 1,4-benzodioxane has been found as the central unit
in many natural products of meritorious biological functions.* Due
to their arguable value in biochemical and medicinal researches,
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Fig. 1 Structures of some biologically important 1,4-benzodioxanes.
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1,4-benzodioxane compounds have also reasonably been widely
employed as building blockers for the synthesis of functional
heterocyclic compounds.®

Presently, there are different synthetic methodologies giving
access to 1,4-benzodioxanes. One of the most commonly applied
methods employs catechol as starting reactant, which furnishes
different 1,4-benzodioxane derivatives by incorporating proper
electrophilic species such as vicinal dibromides, epihalohydrin,
epoxides, a-halo Michael acceptors or bromoketones.” The in-
tramolecular cyclization of pyrocatechol monoprop-2-ynyl ethers
or intermolecular cyclization of catechol and propargylic car-
bonates under palladium catalysis also lead to the production
of functionalized 1,4-benzodioxanes.® The Diels—Alder reaction
between o-quinone and dienophile is another interesting prototype
of constructing 1,4-benzodioxane moiety.® These aforementioned
synthetic routes, though practical as reported, are just applicable
for the preparation of 1,4-benzodioxanes of particular substitution
patterns. And some of them suffer from the limitation of low
reactant diversity, use of expensive reagents/catalysts or unsatis-
factory product yields. In this regard, developing new synthetic
methodologies which provide 1,4-dioxones of new functional
pattern and involve the use of cheap catalyst as well as readily
available starting materials are highly desirable.

During the past few years, the copper-catalyzed coupling re-
action between aryl halides and heteroatom-centered nucleophiles
for the formation of C-C or C-X (X =N, O, S, efc.) bond has been
successfully developed during the past few years.'® Recently, these
coupling reactions have displayed versatile applicability in the
tandem synthesis of tremendous heterocyclic compounds via one-
pot operation.'™* Typically, the Cu-catalyzed cascade, one-pot
reactions for synthesis of indole derivatives,'*'** 3 4-disubstituted
isoquinolin-1(2H)-ones,'* N-acylpyrroles,'™® benzoxazoles," 2H-
1,4-benzoxazin-3-(4H)-ones'' etc. have been successfully devel-
oped and turned out to be extremely useful. Our group previously
developed a novel Cu-catalyzed cascade reaction to synthesize sub-
stituted 1,4-benzodioxanes in one-pot by employing o-iodophenol
and epoxide as starting materials (Eq a, Scheme 1).'® This kind of

Scheme 1 Synthesis of 1,4-benzodioxanes via different Cu-catalyzed
tandem reactions.
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strategy has also later been proved to be applicable for the one-
pot synthesis of aza heterocyclic analogs of 1,4-benzodioxanes by
other chemists."” In despite of the usefulness of this protocol, the
formation of two hardly isolable isomers is the key problem in our
previous work. Upon the analysis of the reaction, we noticed that
the isomer occurs because the nucleophilic phenol is capable of
attacking two eletrophilic sites in the epoxide (Eq a, Scheme 1).
In order to further improve the regioselectivity of the reaction,
we envisioned that limiting the selectivity of nucleophile attack
to the sites of epoxide may be effective to achieve this goal;
therefore, a new synthetic route has been designed as showing
in Eq b (Scheme 1). By elaborating the methylene epoxide group
to the o-iodidephenol, the functionalized reactant 1 is expected
to furnish 1,4-benzodioxanes with considerably higher selectivity
in the presence of additional nucleophile and copper catalyst
since the formation of another potential isomer with seven-
membered heterocyclic structure is not favored by the reaction
kinetics. More notably, the 1,4-benzodioxane product 3 provided
by this new protocol bears the methylene group, which is the
common feature of the most bioactive 1,4-benzodioxane scaffolds
(Fig. 1).

In the initial study, 2-((o-iodophenoxy)methyl)oxirane 1a and
phenol 2a were subjected for the desired transformation at the
presence of Cul/Cs,CO; and ligand L1 in DMF, we were glad to
find that the target 1,4-benzodioxane 3a was formed and isolated
in 35% yield after 48 h reaction at 110 °C (Table 1, entry 1).
This result encouraged us to optimize the reaction parameters
to enhance the yield of 3a on this template reaction. Firstly, some
typical ligands frequently used for Cu-catalyzed coupling reactions
have been screened. Among the seven selected candidates, 1,10-
phenanthroline afforded the highest product yield (entries 1-7).
Then, several different Cu(1) catalysts have been respectively tested,
it is interesting that CuBr turned out to bear the best catalytic
efficiency (entries 6 and 8-10). In the consequent experiments,
we evaluated the influence of base additive on the reaction and
the results confirmed that Cs,CO; was the most proper choice
(entries 6 and 11-15). Finally, a brief study on other related
reaction conditions including solvent and reaction temperature
were performed, the results implied that using DMA as solvent at
120 °C was able to further enhance the yield of 3a (entries 16-22).
So, the general reaction conditions were established as those used
in entry 22 (Table 1).

After confirming the obtainable satisfactory yield of this tandem
transformation, we were forwarded to investigate the application
scope of this new methodology. A class of different (2-((o-
iodophenoxy)methyl)oxiranes and various phenols have been
employed respectively for the reaction. Typical results from this
section are summarized in Table 2. As anticipated, all entries
in our experiments specifically gave the 1,4-benzodioxane as the
product while the isomers of type 4 were not detected. According
to the present results, the electronic nature of substituted (2-((o-
iodophenoxy)methyl)-oxiranes showed no observable influence on
the reaction process as both electron-deficient and electron-rich
(2-((0o-iodophenoxy)methyl)oxiranes gave corresponding products
in similarly good yields (entries 12 and 16). On the other hand,
the property of the substitution group in the phenol exhibited
evident effect on the reaction efficiency. Generally, phenol sub-
strates bearing electron donating groups afforded corresponding
1,4-benzodioxanes in higher yields than those bearing electron

Table 1 Optimization on reaction conditions for the tandem synthesis of
1,4-benzodioxanes®

0 OH
O\/Q_F Cat. .’ngand @
| BasefSoIvent
1a 2a

Entry  Catalyst  Ligand Solvent  Base Yield(%)®
1 Cul L1 DMF Cs,CO, 35
2 Cul L2 DMF Cs,CO;, Trace
3 Cul L3 DMF Cs,CO; 27
4 Cul L4 DMF Cs,CO, 21
5 Cul L5 DMF Cs,CO;, Trace
6 Cul L6 DMF Cs,CO; 49
7 Cul L7 DMF Cs,CO, 15
8 CuBr L6 DMF Cs,CO; 59
9 CuCl L6 DMF Cs,CO; 51
10 Cu,0 L6 DMF Cs,CO; 53
11 Cul L6 DMF K;PO,-2H,0 35
12 Cul L6 DMF KOH 30
13 Cul L6 DMF K;PO, 37
14 Cul L6 DMF DBU NR¢
15 Cul L6 DMF K,CO; 43
16 CuBr L6 DMSO K,CO; 19
17 CuBr L6 DMA K,CO; 57
18 CuBr L6 DMF K,CO; 46
19 CuBr Leé Xylene K,CO; 49
20 CuBr L6 Toluene K,CO; 51
21 CuBr L6 DMA Cs,CO; 67
22 CuBr L6 DMA Cs,CO; 764
. z
t “N~ "COOH /N—\COOH |
H N
L1 L2 L3 4 OH
/N
=N N=
N N
L6 L7

“Reaction conditions: Cat. (15 mol%), ligand (30 mol%), base (2 mmol),
phenol (1.2 mmol), (2-((o-iodophenoxy)methyl)oxirane (1.0 mmol), sol-
vent (2 mL), 48 h, 110 °C. *Isolated yield. No reaction. ¢ Reaction
temperature was 120 °C.

withdrawing groups (entries 2, 3, 7 and 13, 15). In addition,
the substitutions located in the ortho- or meta-sites also led to
slightly lower yield of the product (entries 2, 4, 5 and 13, 14).
These results suggest that the nucleophilicity of phenol component
directly impact the yield of the final products. The presence of
electron-withdrawing groups were tolerated, either at the para-
or at the ortho- position of the phenol (entries 9 and 10). It
is also noteworthy that disubstituted phenols and naphthol are
also well tolerated to this reaction by providing corresponding
1,4-benzodioxanes in moderate or good yields (entries 6, 8 and
11), which demonstrates the broad application scope of this
methodology.

In summary, we have developed a new tandem synthetic routes
to the novelly decorated 1,4-benzodioxanes. The reaction involves
in a cascade process of nucleophilic ring-opening and CuBr-
catalyzed intramolecular coupling transformation. All reactions
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Table2 Scope of the sequential one-pot ring-opening/coupling (t, J = 7.6 Hz, 2H), 7.02 (t, / = 7.6 Hz, 1H), 6.96-6.90 (m, 6H),

protocol® 4.59-4.56 (m, 1H), 4.43 (dd, J = 1.4, 11.4 Hz, 1H), 4.30-4.22 (m,

2H), 4.19-4.15 (m, 1H); *C NMR (100 MHz, CDCl,): 6 158.26,

K\j . %ugt:!;?rihorghne Rl o O/@ 143.18, 142.91, 129.55, 121.74, 121.53, 121.40, 117.40, 117.25,

+ - \@ :[/\ I R? 114.56, 71.34, 66.24, 65.34; IR: v = 3019, 2930, 2882, 1578, 1493,
<7 DMA/120°C/agh

o 3 1269, 1237, 1076, 745, 689 cm™.
Entry R! R? Product/yield®
1 H H 3a/76 Notes and references
2 H p-Me 3b/79 .
3 H p-t-Bu 3¢/80 1 (a) R. Henning, R. Lattrell, H. J. Gerhards and M. Levent, J Med.
4 H m-Me 3d/77 Chem., 1987, 30, 814; (b) S. Nikam, A. Martin and D. Nelson,
5 H o-Me 3e/73 J. Med. Chem., 1988, 31, 1965; (c) M. F. Hibert, M. W. Gittos, D. N.
6 H 2,4-di-t-Bu 3f/70 Moddlemiss, A. K. Mir and J. R. Fozard, J Med. Chem., 1988, 31,
7 H p-Cl 3g/69 1087. .
8 H 2,4-di-Cl 3h/57 2 Y. Satoh, C. Powers, L. M. Toledo, T. J. Kowalski, P. A. Peters and E. F.
9 H 0-COCH, 3i/56 Kimble, J. Med. Chem., 1995, 38, 68.
10 H p-CHO 3j/61 3 L. Juha’sz, T. Docsa, A. Brunya’szki, P. Gergely and S. Antus, Bioorg.
11 H 2k/naphthol 3k/59 Med. Chem., 2007, 15, 4048.
12 Me H 31/79 4 (a) G. Marciniak, A. Delgado, G. Leclerc, J. Velly, N. Decker and J.
13 Me p-Me 3m/81 Schwartz, J Med. Chem., 1989, 32, 1402; (b) Y. Takano, M. Takano
14 Me m-Me 3n/77 and T. L. Yaksh, Eur. J. Pharmacol., 1992, 219, 465; (¢) R. Zhou,
15 Me p-Cl 30/71 G. Luo and A. G. J. Ewing, Neuroscience, 1994, 14, 2402; (d) R. R.
16 Cl H 3p/73 Ruffolo Jr., W. Bondinell and J. P. Hieble, J. Med. Chem., 1995, 38,

3681.

“ Reaction conditions: (2-((o-iodophenoxy)methyl)oxirane (1 mmol), phe- 5 (a) W. S. Woo, S. S. Kang, H. Wagner and V. M. Chari, Tetrahedron
nol (1.2 mmol), CuBr (15 mol%), 1,10-phenanthroline(30 mol%), Cs,CO; Lett., 1978, 19, 3239; (b) Y. Fukuyama, T. Hasegawa, M. Toda,
(2 mmol), in DMA (2 mL) at 120 °C for 48 h. ® Isolated yield. M. Kodama and H. Okazaki, Chem. Pharm. Bull., 1992, 40, 252;

(¢) N.-C. Kim, T. N. Graf, C. M. Sparacino, M. C. Wani and M. E.
Wall, Org. Biomol. Chem., 2003, 1, 1684; (d) Y.-W. Chin and J. Kim,
Tetrahedron Lett.,2004,45, 339; (e) D. Sinou, Curr. Org. Chem., 2005, 9,
3717.

6 (a) T. V. Lee, A. J. Leigh and C. B. Chapleo, Tetrahedron, 1990, 46, 921;

were performed using simple and cheap materials while the

products were obtained with considerably increased molecular (b) P. Moreau, G. Guillaumet and G. Coudert, Synth. Commun., 1994,
complexity as well as a typical structural feature of known bio- 24, 1781. . .
functional scaffolds. More importantly, through the modification 7 (a) J. Koo, S. Avakian and J. G. Martin, J. 4m. Chem. Soc., 1955,
N E bly ] £ o 77, 5373; (b) S. K. Mallick and J. . Caputo, J. Org. Chem., 1974, 39,
on the reactant structure, the problem of producing isomers 1808; (¢) A. K. Willard, R. L. Smith and E. J. Cragoe, J. Org. Chem.,
via the nuleophilic attack to different sites of epoxide has been 1981, 46, 3846; (d) P. A. Procopiou, A. C. Brodie, M. J. Deal and D. F.
successfully avoided in the present study. Therefore, this method- Haym;}I:, Té’tmhedmnl lLef L. 9, 1988,29,3671; (e) M. Maslsacret, P. Lhoste,
. . . _ R. Lakhmiri, T. Parella and D. Sinou, Eur. J. Org. Chem., 1999, 2665
ology 1? not only ,a h,l ghly useful route'for the. synthe}ls O,f 1,’4 and references therein; (f) Y. Harrak, G. Guillaumet and M. D. Pujol,
benzodioxane derivatives, but also a guide for improving similar Synlett, 2003, 813; (g) S. Kim, J. Y. Wu, H. Y. Chen and F. DiNinno,
reactions which suffers from the undesirable regio-sites reactions. Org. Lett., 2003, 5, 685.
Further study on expanding the application of this system to 8 (a) A. B. Basak, G. Bhattachariya, U. K. Mallick and U. K. Khamrai,
the synthesis of analogous heterocycles is presently in progress in Synth. Commun., 1997, 27, 367; (b) C. Chowdhury, G. Chaudhuri, S.
y 8 Y p y I prog Guha, A. K. Mukherjee and N. G. Kundu, J. Org. Chem., 1998, 63,
our lab. 1863; (¢) J.-R. Labrosse, P. Lhoste and D. Sinou, Org. Lett., 2000, 2,
527.
9 (a) W. M. Horspool, J. M. Tedder and Z. U. Din, J. Chem. Soc. C,
. 1969, 1692; (b) M. F. Ansell and A. Bignold, J. Chem. Commun., 1969,
Experlmental 1096; (¢) A. Dondoni, M. Fogagnolo, A. Mastellari, P. Pedrini and F.
Ugozzoli, Tetrahedron Lett., 1986, 27, 3915; (d) V. Nair, B. Mathew,
General procedure for the synthesis of K. V. Radhakrishnan and N. P. Rath, Tetrahedron, 1999, 55, 11017,
() D. W. Xu, A. Chiaroni and M. Largeron, Org. Lett., 2005, 7,

2-substituted-1,4-benzodioxanes 5723,

. o ~ 10 For selected reviews, see: (a) I. P. Beletskaya and A. V. Cheprakov,
A Schlenk tube was charged with CuBr (22 mg, 15% mol), 1,10 Coord. Chem. Rev., 2004, 248, 2337; (b) J. R. Dehli, J. Legros and C.

phenanthroline (57 mg, 30% mol), Cs,CO; (650 mg, 2 mmol), Bolm, Chem. Commun., 2005, 973.
phenol (113 mg, 1.2 mmol), evacuated and backfilled with nitro- 11 For recent selected one-pot reactions based on copper-catalyzed C-N

_Then 2-((2-iodoph thyl)oxi 276 1.0 1 coupling, see: (¢) B. L. Zou, Q. L. Yuan and D. W. Ma, Org. Lett.,
gen. Then 2-((2-iodophenoxy)methyloxirane (276 mg, 1.0 mmol), 2007,9, 4291; (b) X. Y. Yuan, X. B. Xu, X. B. Zhou, J. W. Yuan, L. G.

—_

DMA (2 mL) were successively added: The reaction tube was Mai and Y. Z. Li, J Org. Chem., 2007, 72, 1510; (¢) E. G. Feng, H.
quickly sealed and the contents were stirred at 120 °C for 48 h. Huang, Y. Zhou, D. J. Ye, H. L. Jiang and H. Liu, J. Org. Chem., 2009,
Then the cooled reaction mixture was dissolved in H,O and ex- ;232846; (d) N. Ibrahim and M. Legraverend, J. Org. Chem., 2009, 74,
tracted with Et,0. The comblne{d organic layer was dried (MgSO.). 12 For. recent selected one-pot reactions based on copper-catalyzed C—
The product was further purified by column chromatography C coupling, see: (a) S. Cacchi, G. Fabrizi and L. M. Parisi, Org. Lett.,
(silica gel, PE-EtOAC). 2003, 5, 3843; (b) Y. J. Pan, C. P. Holmes and D. Tumelty, J. Org. Chem.,

2005, 70, 4897; (¢) S. Tanimori, H. Ura and M. Kirihata, Eur. J. Org.

. L. . Chem., 2007, 3977; (d) Y. Chen, Y. J. Wang, Z. M. Sun and D. W. Ma,

2-Phenoxymethyl-2,3-dihydrobenzo[1,4]dioxin (3a). White Org. Lett., 2008, 10, 625; (¢) E. Wang, H. X. Liu, H. Fu, Y. Y. Jiang and
solid, m.p. 35-36 °C*, 'H NMR (400 MHz, CDCL): § 7.33 Y. F. Zhao, Org. Lett., 2009, 11, 2469.
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13 For recent selected one-pot reactions based on copper-catalyzed C-O
coupling, see: (a) G. Nordmann and S. L. Buchwald, J Am. Chem.
Soc., 2003, 125, 4978; (b) B. Lu, B. Wang, Y. H. Zhang and D. W. Ma,
J. Org. Chem., 2007, 72, 5337; (¢) R. D. Viirre, G. Evindar and R. A.
Batey, J. Org. Chem., 2008, 73, 3452.

14 (@) F. Liu and D. W. Ma, J. Org. Chem., 2007, 72, 4844; (b) Y. Chen,
X. A. Xie and D. W. Ma, J. Org. Chem., 2007, 72, 9329.

15 R. D. Viirre, G. Evindar and R. A. Batey, J. Org. Chem., 2008, 73,

3452.

16 W. L. Bao, Y. Y. Liu, X. Lv and W. X. Qian, Org. Lett., 2008, 10,

3899.

17 (a) R. Koteshwar Rao, A. B. Naidu and G. Sekar, Org. Lett., 2009, 11,
1923; (b) J. D. C. Prasad and G. Sekar, Org. Biomol. Chem., 2009, 7,

5091.
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