CHEMISTRY

A EUROPEAN JOURNAL

COMMUNICATION

DOI: 10.1002/chem.201200305

Phosphine-Mediated Domino Benzannulation Strategy for the Construction
of Highly Functionalized Multiaryl Skeletons
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Multiaryl compounds, especially biaryl compounds, repre-
sent privileged structural motifs in natural products, phar-
maceuticals, polymers, sensors,!!! and functional organic ma-
terials.’”! Consequently, efficient methods for the construc-
tion of multiaryl compounds are of utmost importance and
have been greatly investigated. Traditional strategies have
focused on the aryl—aryl bond-formation reaction (Fig-
ure 1a) through “the change of partner” methodology, for
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Figure 1. Strategies for the construction of multiaryl compounds: a) the
traditional aryl—aryl bond-formation strategy and b) the domino benzan-
nulation strategy investigated in this work.

which various catalytic methods and substrates have been
developed.’®! Transition-metal-assisted cross-coupling reac-
tions® and homolytic aromatic substitution (HAS) with aryl
radicals® have become the predominant strategies for the
aryl—aryl bond-formation reaction. Recently, elegant ap-
proaches, such as organocatalyzed direct C—H arylation re-
actions,” have also been developed. Although great strides
have been made in the aforementioned aryl—aryl bond for-
mation strategies, with most of those devised to date relying
heavily on the activation of aryl halides (Ar—X, X=1I, Br, or
Cl) through a two-electron or single-electron reduction
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process.”! As a consequence, the construction of multiaryl
compounds containing C—X bonds through aryl—aryl bond
formation strategies is extremely challenging. Moreover,
harsh reaction conditions and difficulties associated with the
control of chemo- and regionselectivity are often problemat-
ic in the cross-coupling reactions.’! All of these offer unique
opportunities to discover novel strategies for the formation
of multiaryl compounds, especially halide-containing and
unsymmetrical multiaryl compounds, which could serve as
a basic skeleton for further structural modification. Herein,
we report a new domino benzannulation strategy (Fig-
ure 1b) for the construction of multiaryl skeletons. Diverse
aromatic compounds and functional groups will be assem-
bled in a multiaryl molecule through a core domino process.

Although many benzannulation reactions!”! have gradually
been used in the construction of aromatic compounds, the
asymmetry and complexity of acyclic substrates, as well as
the poor regiochemistry of these reactions are always prob-
lematic." In addition, significant domino approaches have
recently been developed in the intramolecular benzannula-
tion reaction, some of which have been primarily used in
the construction of multiaryl skeletons.”™ However, inter-
molecular versions"*! of these reactions remain a challenge.
On the other hand, phosphine-mediated domino reactions
have become powerful tools in the generation of carbo- and
heterocycles.™! In particular, phosphine-catalyzed domino re-
actions with allenoates or allylic carbonates have emerged
as a key platform for the generation of molecular complexi-
ty.[g] So far, to the best of our knowledge, no aromatic com-
pound has been directly constructed by this strategy.'”!
Based upon these studies, as well as our work concerning
phosphine-mediated domino reactions,"!! we now report the
first phosphine-mediated benzannulation reaction between
[,y-unsaturated a-ketoester 1 and allyic carbonate 2. In this
reaction, carbonate 2 served as a new kind of C; synthon,“z]
which is different from its traditional 1,3-zwitterionic inter-
mediate or C; manner of reacting.!"’!

We initiated our investigation by subjecting carbonate 2a
to B,y-unsaturated a-ketoester 1a in the presence of PPh; at
room temperature. To our delight, triaryl compound 3a was
obtained in 38% yield (Table 1, entry 1). The use of THF,
CH;CN, or toluene as the solvent led to triaryl compound
3a as the major compound in moderate or lower yield
(Table 1, entries 2-4). DMF as the solvent gave a relatively
better result for 3a with respect to the reaction time and
yield (Table 1, entry 5). The yield, to some extent, was sensi-
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Table 1. Optimization of the phosphine-mediated domino benzannula-
tion reaction.!

CO,Me Br COOEt
PR3 (1.1 equiv)
solvent COOMe
BocO COOEt
2a

Entry PR; T Solvent t Yield

[°C] (h] [%]"!
1 PPh; RT DCE 24 38
2 PPh; RT THF 24 16
3 PPh; RT CH,CN 12 44
4 PPh, RT toluene 24 48
5 PPh; RT DMF 12 55
6 PPh; 80 DMF 1.5 72
7t PPh, 80 DMF 2 66
8l PPh; 80 DMF 1 73
9 PPh; 120 DMF 1.5 80
10 PPh; 150 DMF 1.5 83
11 PPh; 120 DMSO 1.5 84
12 PPh; 120 DMSO 1.5 80
13 PPh,Et 120 DMSO 1.5 85
14 PPhEt, 120 DMSO 1 72
15 P(p-CICH,); 120 DMSO 4 64

[a] Reaction conditions: 1a (1.0 equiv, 0.25 mmol), 2a (1.5 equiv), PPh;
(1.1 equiv) in a solvent (5.0 mL) at the indicated temperature (DCE =di-
chloroethene). [b] Isolated yields. [c]2a (1.2 equiv) was used. [d]2a
(2.0 equiv) was used. [e] PPh; (2.0 equiv) was used.

tive to the temperature and thus the reaction benefitted
from higher temperatures (Table 1, entries 5 and 6). Further-
more, DMSO was proven to be the best solvent (Table 1,
entries 9 and 11). Altering the ratio of 1a to 2a or increas-
ing the amount of PPh; had little effect on the yield
(Table 1, entries 6-8). Next, the effect of the nucleophilicity
of the phosphine on this reaction was studied. PPh; and
PPh,Et gave similar results (Table 1, entries 11 and 13), sug-
gesting that adjusting the nucleophilicity could not result in
a higher yield (Table 1, entries 14 and 15).

Under the optimized reaction conditions, we evaluated
the generality of this domino reaction. The results showed
that these processes serve as a general and efficient method
to prepare a variety of triaryl compounds (3) in modest to
high yields. Furthermore, the electronic properties and posi-
tion of substitution on 1 and 2 were found to have a limited
effect on these processes (Table 2). For the p,y-unsaturated
a-ketoester 1 and substrate 2 bearing a strong electron-with-
drawing group on the aromatic ring, such as a nitro group
(Table 2, entry 14), the desired product could also be ob-
tained in moderate yield. However, increased steric hin-
drance on substrates 2 was found to negatively influence the
reaction time (Table 2, entry 9). More importantly, halide-
substituted mixed triaryl compounds could be constructed
by this method (Table 2, entries 1-13 and 16). The presence
of C—X bonds in multiaryl skeletons increases the possibility
for structural modification and thereby enhances the syn-
thetic utility of this reaction. Furan-2-yl- and 2-naphthyl-
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Table 2. Phosphine-mediated domino reaction for the construction of tri-
aryl compounds.'®!

X
CO,Me | —TR?
0 =
. coge _DMSO(120°0)
/ BocO 2 PPhy (1.1 equiv)
1 7 2
i
Entry R! R’ t Yield
[h] [0

1 4-Br 4-Br 1.5 84 (3a)

2 4-Br H 2.0 74 (3b)

3 4-Br 4-Me 2.5 65 (3¢)

4 3-Br 3-Br 1.5 80 (3d)

5 3-Br 4-Br 1.5 77 (3e)

6 2-Cl 4-Br 2.0 85 (31)

7 2-Cl 3-Br 2.0 80 (3g)

8 24-Cl 4Br 0.5 62 (3h)

9 2,4-Cl 2,4-Cl 5.0 66 (3i)
10 H 4Br 2.0 76 (3j)
11 4-Me H 25 70 (3k)
12 4-Me 4-Br 2.0 81 (31)
13 4-OMe 4-Br 2.5 68 (3m)
14 4-NO, 4-NO, 0.5 49 (3n)
15l 2-naphthyl H 3.0 62 (30)
16 furan-2-yl 4-Br 3.0 69 (3p)

[a] Reaction conditions: 1 (1.0 equiv, 0.25 mmol), 2 (1.5 equiv), PPh;
(1.1 equiv), DMSO (5.0 mL), 120°C. [b] Isolated yields. [c] R'C¢H,=2-
naphthyl. [d] R'C;H,=furan-2-yl.

substituted f3,y-unsaturated a-ketoesters 1 were also success-
fully employed in this reaction (Table 2, entries 15 and 16).

Inspired by these results, we envisaged that Heck-like
products might be obtained by this strategy. Indeed, this hy-
pothesis was proven by further investigation [Eq. (1)]. For
example, the reaction of 1k with 2 was sluggish, but gave
the desired product 3q in 30% yield with 16 % recovered
1k. Pleasingly, 11 gave the corresponding Heck-like product
3r in 49% yield, indicating that to some extent the yield
and reaction time was sensitive to the reactivity of [3,y,0,e-
unsaturated a-ketoester 1. To our knowledge, this was the
first time the construction of Heck-like products had been
achieved in a metal-free manner.

Ar? COOEt
BocO COOEt PPhy (1.1 equiv)  Ar2
DMSO, 120 °C
o0 1.0h (3r), COOMe
3.0h (3q)

Ar! Heck-like products
1kor 1l 30% yield 3q: Ar' = Ph, Ar? = p-BrCgH,
49% yield 3r: Ar', Ar? = p-BrCgH,

Subsequently, the reaction of unsubstituted carbonate 2
was examined under the optimal conditions to obtain biaryls
4. This reaction also showed good tolerance of electronic
properties and the position of the aryl-substitution on 1,
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Table 3. Phosphine-mediated domino reaction for the construction of
biaryl compounds.”!

COOR? R3
0
/ . BocO/\WRS PPh;3 (1.1 equiv)
1 DMSO, 120 DMSO, 120 °C | S COOR?
7 N\ [ = 4
_|_ R1
R1
Entry R! R? R3 t Yield
[h] [%]"

1 4-Me Me COOEt 15 71 (4a)

P 4-Br Me COOEt 1.0 52 (58; 4b)
3kl 4-Cl Me COOEt 1.0 51 (57; 4¢)
4kl 4-Br iPr COOEt 15 46 (56; 4d)
5 3-Me Me COOEt 15 61 (4¢)

6 H Me COOEt 15 66 (4f)

71 2-naphthyl Me COOEt 15 57 (4g)

8 4-Me Me CN 2.0 50 (4h)

9 4-Me Me COOBu 15 61 (4i)
10 4-Me Me COOMe 15 70 (4j)
110l furan-2-yl Me COOEt 2.0 49 (4k)
120 2-Cl Me COOEt 1.0 58 (63; 41)

[a] Reaction conditions: 1 (1.0 equiv, 0.5 mmol), 2 (1.5 equiv), PPh;
(1.1 equiv), DMSO (5.0 mL), 120°C. [b] Isolated yields. [c] The yields in
parentheses are for the reactions carried out at 80°C. [d] R'CsH,=2-
naphthyl. [e] R'C,H,=furan-2-yl.

giving compounds 4 in modest to good yields. However, the
reaction was sensitive to the size of the ester substituent R?
(Table 3, entries 1, 9, and 10). Moreover, tert-butyl(2-cya-
noallyl) carbonate was also able to accomplish the forma-
tion of 4, albeit with a slightly lower yield (Table 3, entry 8).
The structures of 3 and 4 were characterized by a combina-
tion of NMR and HRMS spectra and single-crystal X-ray
analysis (4b).'Y In addition, unsubstituted carbonate 2 was
much more active than the Ar-substituted analogue. Howev-
er, some side reactions resulted in the formation of the de-
sired product in relatively lower yields when it reacted with
more active f,y-unsaturated a-ketoesters 1 (Table 3, en-
tries 2-4). For instance, in Table 3, entries 2 and 3, a trace
amount of dihydrofurans 5 (5a and 5b) was isolated or
could be detected by NMR spectroscopy (Table 3, entry 4)
as by-products.l'”! It should be noted that at a lower temper-
ature (80°C) more active f,y-unsaturated a-ketoesters 1 per-
formed better than at 120°C (Table 3, entries 2-4 and 12).

This phosphine-mediated domino reaction strategy is
complementary to the traditional cross-coupling methods.
The combination of these two methods could provide a pow-
erful platform for generating complex multiaryl compounds,
which is especially powerful for the construction of asym-
metric multiaryl skeletons, such as 6a and 6b (Scheme 1).
These skeletons are often exploited in the design of organic
electroluminescent (OEL) devices and liquid crystalline ma-
terials.'") Moreover, after transformation from 3 or 4 in
a few steps, the biologically active molecular arcaine ana-
logues, which act as inhibitors of [’H]JMK-801 binding, can
be obtained."”
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Scheme 1. The application of the synthesized multiaryl compounds
(DME =dimethoxyethane).

The detailed mechanisms of these selective domino reac-
tions have not yet been clarified. However, according to our
experimental results'**' and some related studies," the
formation of the dihydrofuran byproducts was through
a [44+1] annulation reaction, in which allyic carbonate 2
served as a C, synthon. The aforementioned reaction was in-
itiated by the formation of the allylic phosphorus ylide A
through the commonly accepted addition—elimination and
deprotonation processes (Scheme 2). Subsequently, ylide A
underwent the sterically favored vy-carbanion addition to
B,y-unsaturated a-ketoester 1a, yielding intermediate B. In-
termediate B interconverts with C through proton transfer
(path a, between the y- and a-carbon atoms). Then, intra-
molecular annulation involving oxygen-anion addition to the
olefinic double bond delivers the 2,3-dihydrofurans.!'’!

However, this reaction was highly chemoselective in favor
of the formation of the multiaryl compounds. Presumably,
the intermolecular Wittig reaction first occurs between allyl-
ic phosphorus ylide A and 1 to produce intermediate D.
Then, intermediate D accomplishes an electrocyclization re-
action, generating intermediate E. Intermediate E subse-
quently undergoes an oxidative aromatization processes to
give product 3 or 4 (pathb). In this mechanism, the aryl
rings are attached to the carbon centers directly involved in
the 6p-electrocyclization step. Thus, it allows for a logical
explanation for the observed effects relating to the electron-
ic properties of the aryl substituents. In addition, in another
possible reaction pathway (path ¢), which could not be com-
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Scheme 2. Plausible mechanisms for the formation of multiaryl com-
pounds.

pletely ruled out, the factors that control the chemoselectivi-
ty might be due to a preference in the proton transfer
(path ¢, between the y-carbon atom and the oxygen anion)
in a six-membered transition state from intermediate B.
Thus, the equilibrium between intermediates C, B, and F
would lie overwhelmingly on the side of F under these reac-
tion conditions. Intermediate F would subsequently undergo
an intramolecular Wittig reaction to yield intermediate G,
followed by an oxidative aromatization processes to give
product 3 or 4. We tried to obtain the intermediates E or G
by quenching the reaction under the acid conditions. How-
ever, we failed in this effort and neither intermediates E nor
G were obtained. The instability of intermediate E or G
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might be the driving force in losing hydrogen by air oxida-
tion to form the aromatic compound easily.”

In conclusion, we have developed a novel domino benzan-
nulation reaction strategy for the construction of multiaryl
compounds in moderate to high yields. In these reactions,
diverse aromatic compounds and functional groups (C—X)
can be assembled in a multiaryl molecule through a core
domino process, which increases the possibilities for struc-
tural modification. This approach has also been applied to
the synthesis of Heck-like products. Furthermore, the allyic
carbonate 2 serves as a new kind of C; synthon, which is dif-
ferent from its traditional 1,3-zwitterionic intermediate reac-
tion mode. Further effort towards the application of this
strategy in organic synthesis and the detailed mechanism
will be investigated by our group.

Experimental Section

Experimental details: PPh; (1.1 equiv) was added to a mixture of f3,y-un-
saturated o-keto ester 1 (1.00 equiv, 0.25 mmol) and allylic carbonate 2
(1.50 equiv) in DMSO (5.0 mL). The resulting suspension was kept at
120°C until completion of the reaction (the reaction was monitored by
TLC). Dichloromethane (20 mL) was then added to the reaction mixture
and it was washed with water (3x10 mL). The organic layer was separat-
ed and dried over sodium sulfate. After filtration and concentration on
a rotary evaporator, the residue was purified by column chromatography
on silica gel (gradient eluent: petroleum ether/ethyl acetate 30:1-20:1) to
afford the multiaryl compound.

Acknowledgements

We thank the National Natural Science Foundation of China (20972076,
21172115) and the Natural Science Foundation of Tianjin
(10JCYBJC04000) for financial support.

Keywords: benzannulation reactions - domino reactions -
multiaryls - organocatalysts - phosphine

[1] For the functions of mutilaryl compounds, see: S. Akai, T. Ikawa, S.
Takayanagi, Y. Morikawa, S. Mohri, M. Tsubakiyama, M. Egi, Y.
Wada, Y. Kita, Angew. Chem. 2008, 120, 7787-7790; Angew. Chem.
Int. Ed. 2008, 47, 7673—7676 and references therein.

[2] J.-M. Lehn, Science 2002, 295, 2400-2403.

[3] For recent reviews, see: a) A. Meijere, F. Diederich, Metal-Catalyzed
Cross-Coupling Reactions, 2nd ed. (Eds.: A. de Meijere, F. Dieder-
ich), Wiley-VCH, Weinheim, 2004; b) J.-P. Corbet, G. Mignani,
Chem. Rev. 2006, 106, 2651-2710; c) D. Alberico, M. E. Scott, M.
Lautens, Chem. Rev. 2007, 107, 174-238; d) B.J. Li, S. D. Yang, Z.-J.
Shi, Synlett 2008, 949-957; e) G. P. McGlacken, L. M. Bateman,
Chem. Soc. Rev. 2009, 38, 2447-2464; f) O. Daugulis, H. Q. Do, D.
Shabashov, Acc. Chem. Res. 2009, 42, 1074-1086; g) L. Ackermann,
R. Vicente, A.R. Kapdi, Angew. Chem. 2009, 121, 9976-10011;
Angew. Chem. Int. Ed. 2009, 48, 9792-9826; h) A. Littke in Modern
Arylation Methods (Ed.: L. Ackermann), Wiley-VCH, Weinheim,
2009, pp. 25-67; i) A. Suzuki, Angew. Chem. 2011, 123, 6854—6869;
Angew. Chem. Int. Ed. 2011, 50, 6722-6737.

[4] For reviews of HAS with aryl radicals, see: a) R. Bolton, G. H. Wil-
liasms, Chem. Soc. Rev. 1986, 15, 261-289; b) W.R. Bowman,

Chem. Eur. J. 0000, 00, 0-0


http://dx.doi.org/10.1002/ange.200803011
http://dx.doi.org/10.1002/ange.200803011
http://dx.doi.org/10.1002/ange.200803011
http://dx.doi.org/10.1002/anie.200803011
http://dx.doi.org/10.1002/anie.200803011
http://dx.doi.org/10.1126/science.1071063
http://dx.doi.org/10.1126/science.1071063
http://dx.doi.org/10.1126/science.1071063
http://dx.doi.org/10.1021/cr0505268
http://dx.doi.org/10.1021/cr0505268
http://dx.doi.org/10.1021/cr0505268
http://dx.doi.org/10.1021/cr0509760
http://dx.doi.org/10.1021/cr0509760
http://dx.doi.org/10.1021/cr0509760
http://dx.doi.org/10.1039/b805701j
http://dx.doi.org/10.1039/b805701j
http://dx.doi.org/10.1039/b805701j
http://dx.doi.org/10.1021/ar9000058
http://dx.doi.org/10.1021/ar9000058
http://dx.doi.org/10.1021/ar9000058
http://dx.doi.org/10.1002/ange.200902996
http://dx.doi.org/10.1002/ange.200902996
http://dx.doi.org/10.1002/ange.200902996
http://dx.doi.org/10.1002/ange.201101379
http://dx.doi.org/10.1002/ange.201101379
http://dx.doi.org/10.1002/ange.201101379
http://dx.doi.org/10.1002/anie.201101379
http://dx.doi.org/10.1002/anie.201101379
http://dx.doi.org/10.1002/anie.201101379
http://dx.doi.org/10.1039/cs9861500261
http://dx.doi.org/10.1039/cs9861500261
http://dx.doi.org/10.1039/cs9861500261
www.chemeurj.org

Phosphine-Mediated Domino Benzannulation

[5

[t

[6

—

7

—

8

=

9

—

(10]

Chem. Eur. J. 2012, 00, 0-0

J. M. D. Storey, Chem. Soc. Rev. 2007, 36, 1803-1822; c) J. Fossey,
D. Lefort, J. Sorba, Free Radicals in Organic Chemistry, Wiley, Chi-
chester, 1995; Chapter 14, pp. 166-180; d) A. Studer, M. Bossart in
Radical in Organic Synthesis, Vol. 2 (Eds.: P. Renaud, M. P. Sibi),
Wiley-VCH, Weinheim, 2001, Chapter 1.4, pp. 62-80; for selected
recent example, see: e) G.-P. Yong, W.-L. She, Y.-M. Zhang, Y.-Z.
Li, Chem. Commun. 2011, 47, 11766-11768.

For examples, see: a) W. Liu, H. Cao, H. Zhang, H. Zhang, K. H.
Chung, C. He, H. Wang, F. Y. Kwong, A. Lei, . Am. Chem. Soc.
2010, 732, 16737-16740; b) C.-L. Sun, H. Li, D.-G. Yu, M. Yu, X.
Zhou, X.Y. Lu, K. Huang, S.F. Zheng, B.-J. Li, Z.-J. Shi, Nat.
Chem. 2010, 2, 1044—1049; c) E. Shirakawa, K. Itoh, T. Higashino,
T. Hayashi, J. Am. Chem. Soc. 2010, 132, 15537-15539; d) A.
Studer, D. P. Curran, Angew. Chem. 2011, 123, 5122-5127; Angew.
Chem. Int. Ed. 2011, 50, 5018-5022; e) S. Yanagisawa, K. Itami,
ChemCatChem 2011, 3, 827-829; f) E. Shirakawa, Y. Hayashi, K.
Itoh, R. Watabe, N. Uchiyama, W. Konagaya, S. Masui, T. Hayashi,
Angew. Chem. 2012, 124, 222-225; Angew. Chem. Int. Ed. 2012, 51,
218-221.

X. Song, A. Song, F. Zhang, H.-X. Li, W. Wang, Nat. Commun.
2011, DOI: 10.1038/ncomms1541.

For reviews, see: a) K. H. Dotz, P. Tomuschat, Chem. Soc. Rev. 1999,
28, 187-198; b) S. Saito, Y. Yamamoto, Chem. Rev. 2000, 100, 2901 -
2915; for selected recent examples, see: c) T. Takahashi, M. Ishika-
wa, S. Huo, J. Am. Chem. Soc. 2002, 124, 388-389; d) P. Langer, G.
Bose, Angew. Chem. 2003, 115, 4165-4168; Angew. Chem. Int. Ed.
2003, 42, 4033-4036; e) Z. Xi, K. Sato, Y. Gao, J. Lu, T. Takahashi,
J. Am. Chem. Soc. 2003, 125, 9568-9569; f) X. Bi, D. Dong, Q. Liu,
W. Pan, L. Zhao, B. Li, J. Am. Chem. Soc. 2005, 127, 4578-4579;
2) Q.-F. Zhou, F. Yang, Q.-X. Guo, S. Xue, Synlett 2007, 2073-2076;
h) H. Zhou, Y. Xing, J. Yao, J. Chen, Org. Lett. 2010, 12, 3674—
3676; i) T. Narender, S. Sarkar, K. Rajendar, S. Tiwari, Org. Lett.
2011, 13, 6140-6143; j) D. Tejedor, S. Lopez-Tosco, J. Gonzalez-
Platas, F. Garcia-Tellado, Chem. Eur. J. 2011, 17, 9571-9575; k) D.
Tejedor, G. Méndez-Abt, L. Cotos, M. A. Ramirez, F. Garcia-Tella-
do, Chem. Eur. J. 2011, 17, 3318-3321; 1) H. Zhou, Y. Xing, J. Yao,
Y. Lu, J. Org. Chem. 2011, 76, 4582—-4590; m) T. Dohi, N. Washimi,
T. Kamitanaka, K. Fukushima, Y. Kita, Angew. Chem. 2011, 123,
6266-6270; Angew. Chem. Int. Ed. 2011, 50, 6142—-6146.

For reviews, see: a) X. Lu, C. Zhang, Z. Xu, Acc. Chem. Res. 2001,
34, 535-544; b) J. L. Methot, W. R. Roush, Adv. Synth. Catal. 2004,
346, 1035-1050; ¢) X. Lu, Y. Du, C. Lu, Pure. Appl. Chem. 2005, 77,
1985-1990; d) V. Nair, R. S. Menon, A. R. Sreekanth, N. Abhilash,
A.T. Biji, Acc. Chem. Res. 2006, 39, 520-530; ¢) L.-W. Ye, J. Zhou,
Y. Tang, Chem. Soc. Rev. 2008, 37, 1140-1152; f) A. Marinetti, A.
Voituriez, Synlett 2010, 174-194.

B.J. Cowen, S.J. Miller, Chem. Soc. Rev. 2009, 38, 3102-3116 and
references therein.

Aromatic compounds were sometimes obtained as byproducts or
after steps of transformations in the reaction of phosphonium ylide:
a) A.J. H. Labuschagne, J. S. Malherbe, C. J. Meyer, D. F. Schneider,
Synth. Commun. 2002, 32, 297-304; b) L. Ye, X. Han, X. Sun, Y.
Tang, Tetrahedron 2008, 64, 8149—-8154.

(11]

(12]

(13]

(14]

(15]

[16]

(17]

(18]

COMMUNICATION

a) X. Meng, Y. Huang, R. Chen, Chem. Eur. J. 2008, 14, 6852—-6856;
b) X. Meng, Y. Huang, R. Chen, Org. Lett. 2009, 11, 137-140; c) X.
Meng, Y. Huang, H. Zhao, P. Xie, J. Ma, R. Chen, Org. Lett. 2009,
11, 991-994; d)J. Ma, Y. Huang, R. Chen, Org. Biomol. Chem.
2011, 9, 1791-1798; e) J. Ma, P. Xie, C. Hu, Y. Huang, R. Chen,
Chem. Eur. J. 2011, 17, 7418-7422; f) P. Xie, Y. Huang, R. Chen,
Org. Biomol. Chem. 2011, 9, 6707-6714.

Utilized as a 1,3-dipolar-type C; synthon, see: a) Y. Du, X. Lu, C.
Zhang, Angew. Chem. 2003, 115, 1065-1067; Angew. Chem. Int. Ed.
2003, 42, 1035-1037; b) Y. Du, J. Feng, X. Lu, Org. Lett. 2005, 7,
1987-1989; c¢) L.-W. Ye, X.-L. Sun, Q.-G. Wang, Y. Tang, Angew.
Chem. 2007, 119, 6055-6058; Angew. Chem. Int. Ed. 2007, 46, 5951 -
5954; d) J. Feng, X. Lu, A. Kong, Tetrahedron 2007, 63, 6035-6041;
e)L.-W. Ye, X. Han, X.-L. Sun, Y. Tang, Tetrahedron 2008, 64,
1487-1493; f) S. Zheng, X. Lu, Org. Lett. 2008, 10, 4481-4484; g) S.
Zheng, X. Lu, Tetrahedron Lett. 2009, 50, 4532; h) S. Zheng, X. Lu,
Org. Lett. 2009, 11, 3978-3981; i) F. Zhong, X. Han, Y. Wang, Y. Lu,
Angew. Chem. 2011, 123, 7983-7987; Angew. Chem. Int. Ed. 2011,
50, 7837-7841; j) B. Tan, N. R. Candeias, C. F. BarbasIII, J. Am.
Chem. Soc. 2011, 133, 4672-4675; for use in allylation reactions,
see: k) C.-W. Cho, J.-R. Kong, M. J. Krische, Org. Lett. 2004, 6,
1337-1340; 1) C.-W. Cho, M. J. Krische, Angew. Chem. 2004, 116,
6857-6859; Angew. Chem. Int. Ed. 2004, 43, 6689-6691; m) Y.-Q.
Jiang, Y.-L. Shi, M. Shi, J. Am. Chem. Soc. 2008, 130, 7202-7203.
a) Z. Chen, J. Zhang, Chem. Asian J. 2010, 5, 1542-1545; b) P. Xie,
Y. Huang, R. Chen, Org. Lett. 2010, 12, 3768-3771; c) J. Tian, R.
Zhou, H. Song, Z. He, J. Org. Chem. 2011, 76, 2374-2378.
CCDC-835163 (4b) contains the supplementary crystallographic
data for this paper. These data can be obtained free of charge from
The Cambridge Crystallographic Data Centre via www.ccdc.cam.
ac.uk/data_request/cif.

The structures of Sa and 5Sb were characterized by a combination of
NMR and HRMS spectra (for the details see the Supporting Infor-
mation). The yields of the dihydrofurans were less than 5%. Dihy-
drofurans could be detected at

both 80 and 120°C. COOEt

Z. Jin, Y.-J. Li, Y.-Q. Ma, L.-L. o

Qiu, J.-X. Fang, Chem. Eur. J. |/ —COOMe

2012, 18, 446-450.

T. A. Sharma, A.J. Carr, R.S. 5a: X = Br
5b: X =Cl

Davis, 1. J. Reynolds, A. D. Ham- X
ilton, Bioorg. Med. Chem. Lett.

1998, 8, 3459-3464.

a) C. G. Lee, K. Y. Lee, S.J. Kim, J.N. Kim, Bull. Korean Chem.
Soc. 2007, 28, 719-720; b) A. Palmelund, E. L. Myers, L. R. Tai, S.
Tisserand, C. P. Butts, V. K. Aggarwal, Chem. Commun. 2007, 4128 -
4130; ¢) R. Zhou, C. Zhang, H. Song, Z. He, Org. Lett. 2010, 12,
976-979.

Received: January 28, 2012
Revised: March 24, 2012
Published online: 1l i, 0000

© 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

These are not the final page numbers! 77

www.chemeurj.org


http://dx.doi.org/10.1039/b605183a
http://dx.doi.org/10.1039/b605183a
http://dx.doi.org/10.1039/b605183a
http://dx.doi.org/10.1039/c1cc14420k
http://dx.doi.org/10.1039/c1cc14420k
http://dx.doi.org/10.1039/c1cc14420k
http://dx.doi.org/10.1021/ja103050x
http://dx.doi.org/10.1021/ja103050x
http://dx.doi.org/10.1021/ja103050x
http://dx.doi.org/10.1021/ja103050x
http://dx.doi.org/10.1038/nchem.862
http://dx.doi.org/10.1038/nchem.862
http://dx.doi.org/10.1038/nchem.862
http://dx.doi.org/10.1038/nchem.862
http://dx.doi.org/10.1021/ja1080822
http://dx.doi.org/10.1021/ja1080822
http://dx.doi.org/10.1021/ja1080822
http://dx.doi.org/10.1002/ange.201101597
http://dx.doi.org/10.1002/ange.201101597
http://dx.doi.org/10.1002/ange.201101597
http://dx.doi.org/10.1002/anie.201101597
http://dx.doi.org/10.1002/anie.201101597
http://dx.doi.org/10.1002/anie.201101597
http://dx.doi.org/10.1002/anie.201101597
http://dx.doi.org/10.1002/cctc.201000431
http://dx.doi.org/10.1002/cctc.201000431
http://dx.doi.org/10.1002/cctc.201000431
http://dx.doi.org/10.1002/ange.201106086
http://dx.doi.org/10.1002/ange.201106086
http://dx.doi.org/10.1002/ange.201106086
http://dx.doi.org/10.1002/anie.201106086
http://dx.doi.org/10.1002/anie.201106086
http://dx.doi.org/10.1002/anie.201106086
http://dx.doi.org/10.1002/anie.201106086
http://dx.doi.org/10.1039/a801442f
http://dx.doi.org/10.1039/a801442f
http://dx.doi.org/10.1039/a801442f
http://dx.doi.org/10.1039/a801442f
http://dx.doi.org/10.1021/cr990281x
http://dx.doi.org/10.1021/cr990281x
http://dx.doi.org/10.1021/cr990281x
http://dx.doi.org/10.1021/ja017163n
http://dx.doi.org/10.1021/ja017163n
http://dx.doi.org/10.1021/ja017163n
http://dx.doi.org/10.1002/ange.200351263
http://dx.doi.org/10.1002/ange.200351263
http://dx.doi.org/10.1002/ange.200351263
http://dx.doi.org/10.1002/anie.200351263
http://dx.doi.org/10.1002/anie.200351263
http://dx.doi.org/10.1002/anie.200351263
http://dx.doi.org/10.1002/anie.200351263
http://dx.doi.org/10.1021/ja027234y
http://dx.doi.org/10.1021/ja027234y
http://dx.doi.org/10.1021/ja027234y
http://dx.doi.org/10.1021/ja043023c
http://dx.doi.org/10.1021/ja043023c
http://dx.doi.org/10.1021/ja043023c
http://dx.doi.org/10.1021/ol101479d
http://dx.doi.org/10.1021/ol101479d
http://dx.doi.org/10.1021/ol101479d
http://dx.doi.org/10.1021/ol202638m
http://dx.doi.org/10.1021/ol202638m
http://dx.doi.org/10.1021/ol202638m
http://dx.doi.org/10.1021/ol202638m
http://dx.doi.org/10.1002/chem.201101676
http://dx.doi.org/10.1002/chem.201101676
http://dx.doi.org/10.1002/chem.201101676
http://dx.doi.org/10.1002/chem.201003532
http://dx.doi.org/10.1002/chem.201003532
http://dx.doi.org/10.1002/chem.201003532
http://dx.doi.org/10.1021/jo2004555
http://dx.doi.org/10.1021/jo2004555
http://dx.doi.org/10.1021/jo2004555
http://dx.doi.org/10.1002/ange.201101646
http://dx.doi.org/10.1002/ange.201101646
http://dx.doi.org/10.1002/ange.201101646
http://dx.doi.org/10.1002/ange.201101646
http://dx.doi.org/10.1002/anie.201101646
http://dx.doi.org/10.1002/anie.201101646
http://dx.doi.org/10.1002/anie.201101646
http://dx.doi.org/10.1021/ar000253x
http://dx.doi.org/10.1021/ar000253x
http://dx.doi.org/10.1021/ar000253x
http://dx.doi.org/10.1021/ar000253x
http://dx.doi.org/10.1002/adsc.200404087
http://dx.doi.org/10.1002/adsc.200404087
http://dx.doi.org/10.1002/adsc.200404087
http://dx.doi.org/10.1002/adsc.200404087
http://dx.doi.org/10.1351/pac200577121985
http://dx.doi.org/10.1351/pac200577121985
http://dx.doi.org/10.1351/pac200577121985
http://dx.doi.org/10.1351/pac200577121985
http://dx.doi.org/10.1021/ar0502026
http://dx.doi.org/10.1021/ar0502026
http://dx.doi.org/10.1021/ar0502026
http://dx.doi.org/10.1039/b717758e
http://dx.doi.org/10.1039/b717758e
http://dx.doi.org/10.1039/b717758e
http://dx.doi.org/10.1055/s-0029-1219157
http://dx.doi.org/10.1055/s-0029-1219157
http://dx.doi.org/10.1055/s-0029-1219157
http://dx.doi.org/10.1039/b816700c
http://dx.doi.org/10.1039/b816700c
http://dx.doi.org/10.1039/b816700c
http://dx.doi.org/10.1081/SCC-120002015
http://dx.doi.org/10.1081/SCC-120002015
http://dx.doi.org/10.1081/SCC-120002015
http://dx.doi.org/10.1016/j.tet.2008.06.048
http://dx.doi.org/10.1016/j.tet.2008.06.048
http://dx.doi.org/10.1016/j.tet.2008.06.048
http://dx.doi.org/10.1002/chem.200800753
http://dx.doi.org/10.1002/chem.200800753
http://dx.doi.org/10.1002/chem.200800753
http://dx.doi.org/10.1021/ol802453c
http://dx.doi.org/10.1021/ol802453c
http://dx.doi.org/10.1021/ol802453c
http://dx.doi.org/10.1021/ol802917d
http://dx.doi.org/10.1021/ol802917d
http://dx.doi.org/10.1021/ol802917d
http://dx.doi.org/10.1021/ol802917d
http://dx.doi.org/10.1039/c0ob00725k
http://dx.doi.org/10.1039/c0ob00725k
http://dx.doi.org/10.1039/c0ob00725k
http://dx.doi.org/10.1039/c0ob00725k
http://dx.doi.org/10.1002/chem.201100881
http://dx.doi.org/10.1002/chem.201100881
http://dx.doi.org/10.1002/chem.201100881
http://dx.doi.org/10.1039/c1ob05693j
http://dx.doi.org/10.1039/c1ob05693j
http://dx.doi.org/10.1039/c1ob05693j
http://dx.doi.org/10.1002/ange.200390241
http://dx.doi.org/10.1002/ange.200390241
http://dx.doi.org/10.1002/ange.200390241
http://dx.doi.org/10.1002/anie.200390266
http://dx.doi.org/10.1002/anie.200390266
http://dx.doi.org/10.1002/anie.200390266
http://dx.doi.org/10.1002/anie.200390266
http://dx.doi.org/10.1021/ol050443d
http://dx.doi.org/10.1021/ol050443d
http://dx.doi.org/10.1021/ol050443d
http://dx.doi.org/10.1021/ol050443d
http://dx.doi.org/10.1002/ange.200701460
http://dx.doi.org/10.1002/ange.200701460
http://dx.doi.org/10.1002/ange.200701460
http://dx.doi.org/10.1002/ange.200701460
http://dx.doi.org/10.1002/anie.200701460
http://dx.doi.org/10.1002/anie.200701460
http://dx.doi.org/10.1002/anie.200701460
http://dx.doi.org/10.1016/j.tet.2007.02.115
http://dx.doi.org/10.1016/j.tet.2007.02.115
http://dx.doi.org/10.1016/j.tet.2007.02.115
http://dx.doi.org/10.1016/j.tet.2007.11.052
http://dx.doi.org/10.1016/j.tet.2007.11.052
http://dx.doi.org/10.1016/j.tet.2007.11.052
http://dx.doi.org/10.1016/j.tet.2007.11.052
http://dx.doi.org/10.1021/ol801661y
http://dx.doi.org/10.1021/ol801661y
http://dx.doi.org/10.1021/ol801661y
http://dx.doi.org/10.1016/j.tetlet.2009.05.085
http://dx.doi.org/10.1021/ol901618h
http://dx.doi.org/10.1021/ol901618h
http://dx.doi.org/10.1021/ol901618h
http://dx.doi.org/10.1002/ange.201102094
http://dx.doi.org/10.1002/ange.201102094
http://dx.doi.org/10.1002/ange.201102094
http://dx.doi.org/10.1002/anie.201102094
http://dx.doi.org/10.1002/anie.201102094
http://dx.doi.org/10.1002/anie.201102094
http://dx.doi.org/10.1002/anie.201102094
http://dx.doi.org/10.1021/ja110147w
http://dx.doi.org/10.1021/ja110147w
http://dx.doi.org/10.1021/ja110147w
http://dx.doi.org/10.1021/ja110147w
http://dx.doi.org/10.1021/ol049600j
http://dx.doi.org/10.1021/ol049600j
http://dx.doi.org/10.1021/ol049600j
http://dx.doi.org/10.1021/ol049600j
http://dx.doi.org/10.1002/ange.200461381
http://dx.doi.org/10.1002/ange.200461381
http://dx.doi.org/10.1002/ange.200461381
http://dx.doi.org/10.1002/ange.200461381
http://dx.doi.org/10.1002/anie.200461381
http://dx.doi.org/10.1002/anie.200461381
http://dx.doi.org/10.1002/anie.200461381
http://dx.doi.org/10.1021/ja802422d
http://dx.doi.org/10.1021/ja802422d
http://dx.doi.org/10.1021/ja802422d
http://dx.doi.org/10.1002/asia.201000193
http://dx.doi.org/10.1002/asia.201000193
http://dx.doi.org/10.1002/asia.201000193
http://dx.doi.org/10.1021/ol101611v
http://dx.doi.org/10.1021/ol101611v
http://dx.doi.org/10.1021/ol101611v
http://dx.doi.org/10.1021/jo200164v
http://dx.doi.org/10.1021/jo200164v
http://dx.doi.org/10.1021/jo200164v
http://dx.doi.org/10.1002/chem.201103050
http://dx.doi.org/10.1002/chem.201103050
http://dx.doi.org/10.1002/chem.201103050
http://dx.doi.org/10.1002/chem.201103050
http://dx.doi.org/10.1016/S0960-894X(98)00631-3
http://dx.doi.org/10.1016/S0960-894X(98)00631-3
http://dx.doi.org/10.1016/S0960-894X(98)00631-3
http://dx.doi.org/10.1016/S0960-894X(98)00631-3
http://dx.doi.org/10.1039/b709157e
http://dx.doi.org/10.1039/b709157e
http://dx.doi.org/10.1039/b709157e
http://dx.doi.org/10.1021/ol902956y
http://dx.doi.org/10.1021/ol902956y
http://dx.doi.org/10.1021/ol902956y
http://dx.doi.org/10.1021/ol902956y
www.chemeurj.org

CHEMISTRY

Y. Huang et al.
A EUROPEAN JOURNAL

Domino Reactions
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Phosphine-Mediated Domino Benzan- up 10/85% yield
nulation Strategy for the Construction

: - . : wide range of aromatic compounds
‘S’f(l'lhghly Functionalized Multiaryl ated domino benzannulation strategy and functional groups can be assem-
eletons

was developed for the synthesis of bled into a multiaryl molecule through
multiaryl skeletons (see scheme). A a core domino process.

A skeleton crew: A phosphine-medi-
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