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C�F Bond Activation of Unactivated Aliphatic Fluorides: Synthesis of
Fluoromethyl-3,5-diaryl-2-oxazolidinones by Desymmetrization of 2-
Aryl-1,3-difluoropropan-2-ols**
G�nter Haufe,* Satoru Suzuki, Hiroyuki Yasui, Chisato Terada, Takashi Kitayama, Motoo Shiro,
and Norio Shibata*

The selective synthesis of fluorinated organic compounds and
the investigation of their properties have become major topics
in all fields of the chemical sciences, as well as in technological
applications.[1] Whereas methods for the formation of C�F
bonds have been developed from the beginning of organic
fluorine chemistry,[2] the application of C�F bond cleavage in
poly-fluorinated carbon compounds for the preparation of
partially fluorinated molecules has been less developed.[3]

This is apparently due to the fact that C�F bonds are the
strongest that carbon can form.[4] Research into the activation
of C�F bonds of arylfluorides has a long history,[5] but
aliphatic fluorides have been less frequently involved in such
processes and quite forcing conditions, such as organometallic
reagents or strong nucleophiles, have to be applied.[6] Thus,
the development of mild and effective methods for the
activation of aliphatic C�F bonds has become a stimulating
topic in general organic chemistry. Although the C�F bond
activation of several aliphatic fluorides with lithium reagents,
Brønsted acids, Lewis acids, transition metals, or Grignard
reagents has been reported in recent years,[3a, 7] most of these
methods require that the fluorine atom(s) should be bound in
an activated position such as benzylic, allylic, a to a carbonyl
(or an equivalent), on a halogenated carbon, and so on. C�F
bond cleavage in an unactivated aliphatic position under mild
conditions is still a challenge,[8] although the substitution of
CH2F groups by phosphine groups using R2PLi was reported
30 years ago.[8h] Very recently, we have been able to substitute
all three fluorines and another b-halogen substituent of

b-trifluoromethyl-b-halostyrenes with primary amines to
form vinylogous guanidinium salts.[9] As part of our research
program related to the development of biologically relevant
fluorine-containing molecules,[10,11] we have been interested in
3,5-diaryl-2-fluoromethyl-oxazolidin-2-ones (1). 3,5-Diaryl-2-
trifluoromethyl-oxazolidin-2-ones (2) are promising agro-
chemicals which can act as insecticides, acaricides, ectopar-
asiticides, and control agents for animal parasites.[12] Although
more than 4400 compounds related to 2 are registered in the
SciFinder database (most of them patented),[13] no mono-
fluoromethyl analogues, 1, have yet been reported (Figure 1).

Herein, we disclose the first general synthesis of a series of
3,5-diaryl-2-fluoromethyl-oxazolidin-2-ones 1 by a conceptu-
ally new desymmetrization of unactivated aliphatic di-fluo-
rides with silicon-induced catalytic C�F bond-cleavage as
a key step (Scheme 1). Namely, 2-aryl-1,3-difluoropropan-2-
ols 3 were transformed into 3,5-diaryl-2-fluoromethyl-oxazo-
lidin-2-ones 1 through their carbamates 4 by a mild, BSA/CsF
system (BSA = bis(trimethylsilyl)acetamide) catalytic in CsF.
One of the enantiotopic fluorine atoms of 4 was intramolec-
ularly substituted to afford monofluoromethyl-oxazolidin-2-

Figure 1. Biologically relevant 3,5-diaryl-2-(trifluoromethyl)-oxazolidin-2-
ones.

Scheme 1. Synthesis of 3,5-diaryl-2-fluoromethyl-oxazolidin-2-ones by
the desymmetrization of unactivated aliphatic fluorides using silicon-
induced or sodium-assisted C�F bond-cleavage as a key step.
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ones 1. We also achieved the direct transformation of 3 with
isocyanates, R1-N=C=O into 1 by cascade carbamoylation/
cyclization, in which the cyclization is assisted by a sodium-
mediated C�F bond activation, resulting in the formation of
oxazoline (Scheme 1). N’-{3-[5-(3,5-dichlorophenyl)-5-(fluo-
romethyl)-2-oxooxazolidin-3-yl]phenyl}benzohydrazide (5)
was synthesized by this method for agricultural purposes.

Starting phenylcarbamate 4a was prepared from
2-phenyl-1,3-difluoropropan-2-ol (3a) with phenylisocyanate
(Ph-N=C=O) in the presence of 1,8-diazabicyclo[5.4.0]undec-
7-ene (DBU) in THF at RT for 3 h in 93% yield after isolation
(see Table 3, entry 3). The desymmetrization/cyclization of 4a
was first attempted using a stoichiometric amount of K2CO3

in THF at RT. However, no reaction was observed (Table 1).

In the presence of other strong inorganic bases such as NaOH
and NaH the desired product 1a was obtained in 29 % and
59% yield, respectively. Organic bases such as DBU or
DABCO were ineffective for this transformation; stronger
bases, TMG and P1-tBu, gave product 1 a in low yields. These
results indicate that intramolecular substitution of alkyl
fluorides by carbamates is possible in the presence of either
strong inorganic or organic bases, although the conversions
are not satisfactory. Thus, the activation of a C�F bond
requires a synergetic effect for the transformation of 4a to 1a.
Therefore, we investigated the addition of silylation reagents
to activate the C�F bond, and so exploit the high Si�F binding
energy (Table 1). Although TMSCl was not effective, the

addition of BSA dramatically improved the transformation
either in the presence of DBU or K2CO3 providing 83 % and
84% of 1a, respectively in 3 h. The selection of MeCN was
important, as the yield of 1a was low in THF. The amount of
base can be reduced to a catalytic level, but the yield
decreases slightly. Encouraged by these results, the catalytic
transformation was next investigated. After screening of
different bases, a catalytic amount of CsF was found to be
very effective for this transformation, and provides 1a in 94%
yield within 1 h.

With the optimized reaction conditions in hand, we
screened a variety of 2-aryl-1,3-difluoromethyl-2-carbamates
4b–h, 4 k–m (Table 2). All of these carbamates afforded the

corresponding 3,5-diaryl-2-fluoromethyl-oxazolidin-2-ones
1b–h, 1k–m, which were isolated in good to excellent yields
and with short reaction times that were almost independent of
the substitution pattern on the benzene ring. The structure of
1d was determined by X-ray analysis (Figure 2), and all the
other products were assigned by analogy with 1d.

Based on the experimental results, we propose the
mechanism for the desymmetrization/cyclization reaction
shown in Scheme 2. Initially, BSA was activated by CsF to
provide amido anion A, along with the release of TMSF.
Anion A then abstracts a proton from 4 to generate the
carbamate anion B, along with Me3SiNHCOMe. The C�F
bond of B was next activated by interaction with the silicon

Table 1: Optimization of reaction conditions for the conversion of 4a
into 1a.

Entry Base (equiv) Additive Solvent t [h] Yield [%]

1 K2CO3 (1.1) – THF 17 NR
2 Na2CO3 (1.1) – THF 17 NR
3 KOH (1.1) – THF 17 trace
4 NaOH (1.1) – THF 17 29
5 NaH (1.1) – THF 24 59
6 DBU (1.1) – THF 17 NR
7 DABCO (1.1) – THF 17 NR
8 TMG (1.1) – THF 17 38
9 P1-tBu (1.1) – THF 17 56
10 DBU (1.1) TMSCl THF 17 NR
11 DBU (1.1) BSA MeCN 3 83
12 K2CO3 (1.1) BSA MeCN 3 84
13 DBU (1.1) BSA THF 3 NR
14 DBU (0.1) BSA MeCN 6 66
15 K2CO3 (0.1) BSA MeCN 18 10
16 Cs2CO3 (0.1) BSA MeCN 1 81
17 KF (0.1) BSA MeCN 6 9
18 CsF (0.1) BSA MeCN 1 94
19 TBAF (0.1) BSA MeCN 4 26
20 TMAF (0.1) BSA MeCN 1 87

BSA = bis(trimethylsilyl)acetamide, DABCO=1,4-diazabicyclo-
[2.2.2]octane, DBU = 1,8-diazabicyclo[5.4.0]undec-7-ene, NR = no reac-
tion, P1-tBu = Phosphazene base P1-tBu, TMAF= tetramethylanmonium
fluoride, TMG= 1,1,3,3-tetramethylguanidine, TMS= trimethylsilyl.

Table 2: Scope of the silicon-induced transformation of 4 into 1.

Entry 4 R1 R2 t [h] 1 Yield [%]

1 4a Ph Ph 1 1a 94
2 4b 3-MeC6H4 Ph 1 1b 90
3 4c 4-MeC6H4 Ph 1 1c 96
4 4d 3-MeOC6H4 Ph 1 1d 87
5 4e 4-FC6H4 Ph 1 1e 91
6 4 f 3-ClC6H4 Ph 1 1 f 87
7 4g 4-ClC6H4 Ph 1 1g 92
8 4h 3,5-Cl2C6H3 Ph 2 1h 86
9 4k C6H5CH2CH2 Ph 3 1k 69
10 4 l Ph 4-MeC6H4 2 1 l 86
11 4m Ph 4-BrC6H4 1 1m 88

Figure 2. X-ray crystallographic structure of 1d.[16] Thermal ellipsoids
set at 50% probability.
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atom of BSA, depicted by transition-state model I, to induce
intramolecular cyclization, which furnishes the oxazoline
product 1 and TMSF. The amido anion A, which is regen-
erated from I, is the true catalyst in this catalytic cycle. It is
very clear that Si-containing additives accelerate/promote the
reaction, but the reaction proceeds to a certain extent with
organic bases even in the absence of Si-containing additives
(entries 8 and 9, Table 1). This can be explained by the
presumed assistance of proton abstraction in activation of the
C�F bond.

We next attempted the direct transformation of 3 with
R1-N=C=O into 1 by a tandem carbamoylation/cyclization
reaction (Table 3). As mentioned above, 4a was prepared
from 3a with Ph-N=C=O in the presence of DBU, which can
be used as a catalyst, but the reaction is slow (entry 1); the
yield did not improve much even when used stoichiometri-
cally (entry 2). It was greatly improved to 93 % by using an
excess of Ph-N=C=O (2.0 equiv) in the presence of a stoichio-
metric amount of DBU (entry 3). When we added BSA to the

reaction, the cyclized product 1 a was produced in 15 % yield
in the presence of a catalytic amount of DBU (entry 4); this
yield decreased to 8% when using a stoichiometric amount of
DBU and BSA, owing to the competitive trimethylsilylation
of 3 a (entry 5). A catalytic amount of CsF also provided 22%
of 1a in the presence of BSA (entry 6), but a stoichiometric
amount of CsF was not effective for this transformation,
because of the competitive trimethylsilylation of 3a (entry 7).
We next used NaH as a base, as it gave a moderate yield in the
transformation of 4a into 1 a (see Table 1, entry 5). In the
presence of 1 equiv of NaH with Ph-N=C=O (1.0–2.0 equiv)
in THF at 60 8C, the desired product 1 a was directly obtained
in 23–27% yield, although a large amount of 4a remained
unreacted (entries 8 and 9), presumably because of the highly
hygroscopic nature of NaH. As expected, the yield of 1a was
greatly improved to 91 % by using an excess of NaH
(entry 10), whereas KH was less effective for this trans-
formation (entry 11).

Under the optimized conditions, a variety of 2-aryl-1,3-
difluoro-propan-2-ols 3 were investigated to determine the
scope of this tandem carbamoylation/cyclization reaction.
The results are summarized in Table 4. A series of 1,3-

difluoropropan-2-ols, 3a–h, with a variety of aromatic ring
substituents, such as methyl, methoxy, fluoro, and chloro,
were converted into 1a–h in good yields (entries 1–8).
Sterically demanding naphthyl- and biphenyl-substituted
1,3-difluoropropan-2-ols 3 i and 3 j were also compatible
with the reaction conditions, and afforded products 1 i and 1j
in yields of 64% and 94%, respectively (entries 9 and 10).
Alkyl-substituted 3k was also readily cyclized to 1 k in 77%
yield.

We next examined the reaction using a variety of
isocyanates (Table 4, entries 12–16). The tandem reaction is

Scheme 2. Proposed reaction mechanism for the conversion of 4 into
1 by silicon-induced C�F bond activation (CsF catalyzed reaction).

Table 3: Optimization of the reaction conditions for the tandem
carbamoylation/cyclization of 3a.

Entry Base
(equiv)

Additive T [8C] t [h] Yield of
4a [%]

Yield of
1a [%]

1[a] DBU (0.1) – RT 24 51 0
2[a] DBU (1.05) – RT 24 61 0
3[b,c] DBU (1.05) – RT 3 93 0
4[b] DBU (0.1) BSA RT 24 36 15
5[b,d] DBU (1.05) BSA RT 5 0 6
6[b] CsF (0.1) BSA RT 2 0 22
7[b,d] CsF (1.05) BSA RT 1 0 8
8[a] NaH (1.0) – 60 17 0 23
9[a,c] NaH (1.0) – 60 17 0 27
10[a,c] NaH (2.0) – 60 17 0 91
11[a,c] KH (2.0) – 60 17 0 39

[a] THF was used as a solvent. [b] MeCN was used as a solvent. [c] Phenyl
isocyanate (2.0 equiv) was used. [d] The trimethylsilyl ether of 3a was
observed as the major product.

Table 4: Scope of the tandem carbamoylation/cyclization of 3.

Entry R 3 R1 X t [h] 1 Yield [%]

1 Ph 3a Ph O 17 1a 91
2 3-MeC6H4 3b Ph O 21 1b 70
3 4-MeC6H4 3c Ph O 9 1c 62
4 3-MeOC6H4 3d Ph O 9 1d 70
5 4-FC6H4 3e Ph O 23 1e 45
6 3-ClC6H4 3 f Ph O 11 1 f 66
7 4-ClC6H4 3g Ph O 9 1g 94
8 3,5-Cl2C6H3 3h Ph O 21 1h 69
9 2-naphthyl 3 i Ph O 14 1 i 64
10 4-PhC6H4 3 j Ph O 21 1 j 94
11 C6H5CH2CH2 3k Ph O 14 1k 77
12[a] Ph 3a 4-MeC6H4 O 11 1 l 69
13[a] Ph 3a 4-BrC6H4 O 23 1m 49
14[a] Ph 3a 3-NO2C6H4 O 11 1n 67
15[a] Ph 3a 3,5-(CF3)2C6H3 O 23 1o 74
16[a] Ph 3a Ts O 23 1p 15
17[a] Ph 3a Ph S 11 1q 68

[a] Reaction was carried out at RT. Ts = p-toluenesulfonyl.
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almost independent of the nature of the R1 group of
isocyanates, R1-N=C=O. Both the electron-donating tolyl
group and the electron-withdrawing groups on R1, such as
p-bromo, p-nitro, and 3,5-bis(trifluoromethyl), were well
tolerated to provide cyclized products 1 l–o in good yields,
whereas the yield of tosyl-substituted 1p was low (15 %).
Furthermore, phenylisothiocyanate, Ph-N=C=S, also reacted
with 3a under the same reaction conditions to furnish 1q in
68% (entry 17).

In Scheme 3, the tandem carbamoylation/cyclization
pathway with C�F bond cleavage leading to fluoromethyl-

oxazolidinones 1 is described. An alcohol 3 reacts with an
isocyanate in the presence of NaH to furnish C, the carbamate
sodium salt. Although the Na�F bond is slightly weaker than
the C�F bond, based on the bond dissociation energies (Na�
F: 477.3 kJ mol�1; C�F: 513.8 kJ mol�1),[14] the C�F bond of
species C should be activated by the sodium cation to assist
the intramolecular reaction via transition state II, resulting in
cyclization and NaF elimination to give product 1.[8e, 15]

Finally, we became interested in applying our method to
the synthesis of 5, a monofluoromethyl analogue of the plant
disease controlling agent, 3,5-diaryl-2-trifluoromethyl-oxazo-
lidin-2-one (2 ; Scheme 4).[12c]

In conclusion, we have developed a new method for the
synthesis of biologically relevant 3,5-diaryl-2-fluoromethyl-
oxazolidin-2-ones 1 and 5 by a conceptually new desymmet-
rization of the carbamates of 2-aryl-1,3-difluoropropan-2-ols
4 through the CsF-catalyzed silicon-induced C�F bond
activation of unactivated aliphatic fluorides. A wide range
of carbamates 4 proceed to furnish the corresponding

fluoromethyl-oxazolidin-2-ones 1 in high to excellent yields
under mild conditions. The direct transformation of 2-aryl-
1,3-difluoro-isopropanols 3 with isocyanates into 1 by the
carbamoylation/cyclization cascade reaction has also been
achieved, in which oxazolidinone formation is induced by
sodium-mediated C�F bond activation. The enantioselective
desymmetrization of 4 to give 1 is now under investigation.

Received: September 10, 2012
Published online: November 4, 2012

.Keywords: C-F bond activation · desymmetrization · fluorine ·
silicon · sodium

[1] a) T. Hiyama, Organofluorine Compounds. Chemistry and
Applications, Springer, Berlin, 2000 ; b) P. Kirsch, Modern
Fluoroorganic Chemistry, Wiley-VCH, Weinheim, 2004 ;
c) R. D. Chambers, Fluorine in Organic Chemistry, Blackwell,
Oxford, 2004 ; d) K. Uneyama, Organofluorine Chemistry,
Blackwell, Oxford, 2006 ; e) Handbook of Fluorous Chemistry
(Eds.: J. A. Gladysz, D. P. Curran, I. T. Horv�th), Wiley-VCH,
Weinheim, 2004 ; f) Z. Hong, S. G. Weber Teflon AF Materials in
Topics in Current Chemistry, Vol. 308 (Ed.: I. T. Horv�th),
Springer, Berlin, 2012, pp. 307 – 377.

[2] a) R. E. Banks, D. W. A. Sharp, J. C. Tatlow, Fluorine—The First
Hundred Years (1886 – 1986), Elsevier, New York, 1986 ;
b) Organofluorine Chemistry. Principles and Commercial Appli-
cations (Eds.: R. E. Banks, B. E. Smart, J. C. Tatlow), Plenum,
New York, 1994 ; c) M. Hudlický, A. E. Pavlath, Chemistry of
Organic Fluorine Compounds II, A Critical Review, ACS
Monograph 187, American Chemical Society, Washington, 1995.

[3] a) H. Amii, K. Uneyama, Chem. Rev. 2009, 109, 2119 – 2183;
b) G. K. Surya Prakash, J. Hu, G. A. Olah, J. Fluorine Chem.
2001, 112, 355 – 360; c) S. Higashiya, W. J. Chung, D. S. Lim, S. C.
Ngo, W. H. Kelly IV, P. J. Toscano, J. T. Welch, J. Org. Chem.
2004, 69, 6323 – 6328; d) K. Fuchibe, Y. Ohshima, K. Mitomi, T.
Akiyama, Org. Lett. 2007, 9, 1497 – 1499; e) H. Yanai, T. Taguchi,
Chem. Commun. 2009, 1034 – 1036; f) J. Wettergren, T. Ankner,
G. Hilmersson, Chem. Commun. 2010, 46, 7596 – 7597; g) H.
Yanai, T. Taguchi, Tetrahedron 2010, 66, 4530 – 4541; h) M. F.
K�hnel, D. Lentz, Angew. Chem. 2010, 122, 2995 – 2998; Angew.
Chem. Int. Ed. 2010, 49, 2933 – 2936.

[4] a) S. J. Blanksby, G. B. Ellison, Acc. Chem. Res. 2003, 36, 255 –
263; b) D. O�Hagan, Chem. Soc. Rev. 2008, 37, 308 – 319.

[5] a) Y. Kiso, K. Tamao, M. Kumada, J. Organomet. Chem. 1973,
50, C12 – C14; b) T. G. Richmond, Angew. Chem. 2000, 112,
3378 – 3380; Angew. Chem. Int. Ed. 2000, 39, 3241 – 3244;
c) R. N. Perutz, T. Braun, Transition-Metal Mediated C-F Bond
Activation in Comprehensive Organometallic Chemistry III,
Vol. 1 (Eds.: R. H. Crabtree, D. M. P. Mingos), Elsevier, Amster-
dam, 2007, pp. 725 – 758; d) H. Torrens, Coord. Chem. Rev. 2005,
249, 1957 – 1985; e) for a special issue on C�F bond activation,
see: T. Braun, Organometallic Chemistry Meets Fluorine in
Organometallics 2012, 31, 1213 – 1215.

[6] a) E. D. Bergmann, A. Mielewitz, J. Chem. Soc. 1963, 3736 –
3739; b) Y. Avi-Dor, J. Mager, J. Biol. Chem. 1956, 222, 249 –
258; c) M. E. Tanner, S. Miao, Tetrahedron Lett. 1994, 35, 4073 –
4076; d) F. Rolla, J. Org. Chem. 1981, 46, 3909 – 3911; e) T.
Imamoto, T. Takeyama, T. Kusumoto, Chem. Lett. 1985, 14,
1491 – 1492; f) D. Guijarro, M. Yus, J. Organomet. Chem. 2001,
624, 53 – 57; g) M. G. Saulnier, D. R. Langley, D. B. Frennesson,
B. H. Long, S. Huang, Q. Gao, D. Wu, C. R. Fairchild, E.
Ruediger, K. Zimmermann, D. R. St. Laurent, B. N. Balasubra-
manian, D. M. Vyas, Org. Lett. 2005, 7, 1271 – 1274; h) J.

Scheme 3. Proposed tandem route for the conversion of 3 into 1 by
sodium-assisted C�F bond activation (stoichiometric reaction).

Scheme 4. Synthesis of biologically relevant fluoromethyl 3,5-diaryl-2-
oxazolidinone 5.

.Angewandte
Communications

12278 www.angewandte.org � 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2012, 51, 12275 –12279

http://dx.doi.org/10.1021/cr800388c
http://dx.doi.org/10.1016/S0022-1139(01)00535-8
http://dx.doi.org/10.1016/S0022-1139(01)00535-8
http://dx.doi.org/10.1021/jo049551o
http://dx.doi.org/10.1021/jo049551o
http://dx.doi.org/10.1021/ol070249m
http://dx.doi.org/10.1039/b817599c
http://dx.doi.org/10.1039/c0cc02009e
http://dx.doi.org/10.1016/j.tet.2010.04.061
http://dx.doi.org/10.1002/ange.200907162
http://dx.doi.org/10.1002/anie.200907162
http://dx.doi.org/10.1002/anie.200907162
http://dx.doi.org/10.1021/ar020230d
http://dx.doi.org/10.1021/ar020230d
http://dx.doi.org/10.1016/S0022-328X(00)95063-0
http://dx.doi.org/10.1016/S0022-328X(00)95063-0
http://dx.doi.org/10.1002/1521-3757(20000915)112:18%3C3378::AID-ANGE3378%3E3.0.CO;2-A
http://dx.doi.org/10.1002/1521-3757(20000915)112:18%3C3378::AID-ANGE3378%3E3.0.CO;2-A
http://dx.doi.org/10.1016/j.ccr.2005.01.025
http://dx.doi.org/10.1016/j.ccr.2005.01.025
http://dx.doi.org/10.1039/jr9630003736
http://dx.doi.org/10.1039/jr9630003736
http://dx.doi.org/10.1016/S0040-4039(00)73115-7
http://dx.doi.org/10.1016/S0040-4039(00)73115-7
http://dx.doi.org/10.1021/jo00332a030
http://dx.doi.org/10.1016/S0022-328X(00)00770-1
http://dx.doi.org/10.1016/S0022-328X(00)00770-1
http://dx.doi.org/10.1021/ol050013n
http://www.angewandte.org


Ichikawa, G. Lapointe, Y. Iwai, Chem. Commun. 2007, 2698 –
2700.

[7] a) K. Mikami, Y. Tomita, Y. Itoh, Angew. Chem. 2010, 122,
3907 – 3910; Angew. Chem. Int. Ed. 2010, 49, 3819 – 3822; b) K.
Matsubara, T. Ishibashi, Y. Koga, Org. Lett. 2009, 11, 1765 –
1768; c) W. Gu, M. R. Haneline, C. Douvris, O. V. Ozerov, J.
Am. Chem. Soc. 2009, 131, 11203 – 11212; d) C. B. Caputo, D. W.
Stephen, Organometallics 2012, 31, 27 – 30; e) D. L. Parker, Jr.,
A. K. Fried, D. Meng, M. L. Greenlee, Org. Lett. 2008, 10, 2983 –
2985; f) A. Hazari, V. Gouverneur, J. M. Brown, Angew. Chem.
2009, 121, 1322 – 1325; Angew. Chem. Int. Ed. 2009, 48, 1296 –
1299; g) G. Meier, M. Braun, Angew. Chem. 2009, 121, 1575 –
1577; Angew. Chem. Int. Ed. 2009, 48, 1546 – 1548; h) E.
Benedetto, M. Keita, M. Tredwell, C. Hollingworth, J. M.
Brown, V. Gouverneur, Organometallics 2012, 31, 1408 – 1416;
i) G. Blessley, P. Holden, M. Walker, J. M. Brown, V. Gouver-
neur, Org. Lett. 2012, 14, 2754 – 2757; j) A. Nova, R. Mas-
Ballest�, G. Ujaque, P. Gonz�lez-Duarte, A. Lled�s, Chem.
Commun. 2008, 3130 – 3132; k) X. Pigeon, M. Bergeron, F.
Barab�, P. Dub�, H. N. Frost, J.-F. Paquin, Angew. Chem. 2010,
122, 1141 – 1145; Angew. Chem. Int. Ed. 2010, 49, 1123 – 1127;
l) T. Iida, R. Hashimoto, K. Aikawa, S. Ito, K. Mikami, Angew.
Chem. 2012, 124, 9673 – 9676; Angew. Chem. Int. Ed. 2012, 51,
9535 – 9538; see also Ref. [3a] for references prior to 2009.

[8] a) J. Choi, D. Y. Wang, S. Kundu, Y. Choliy, T. J. Emge, K.
Krogh-Jespersen, A. S. Goldman, Science 2011, 332, 1545 – 1548;
b) N. L�hmann, R. Panisch, T. M�ller, Appl. Organomet. Chem.
2010, 24, 533 – 537; c) D. Guijarro, P. Mart�nez, M. Yus,
Tetrahedron 2003, 59, 1237 – 1244; d) C. Melero, R. P. Herrera,
A. Guijarro, M. Yus, Chem. Eur. J. 2007, 13, 10096 – 10107; e) L.
Zhang, W. Zhang, J. Liu, J. Hu, J. Org. Chem. 2009, 74, 2850 –
2853; f) T. Hatakeyama, S. Ito, H. Yamane, M. Nakamura, E.
Nakamura, Tetrahedron 2007, 63, 8440 – 8448; g) T. Ooi, D.
Uraguchi, N. Kagoshima, K. Maruoka, Tetrahedron Lett. 1997,
38, 5679 – 5682; h) K. Tani, K. Suwa, T. Yamagata, S. Otsuka,
Chem. Lett. 1982, 265 – 268.

[9] A. Y. Rulev, V. M. Muzalevskiy, E. V. Kondrashov, I. A. Ush-
akov, A. S. Shastin, E. S. Balenkova, G. Haufe, V. G. Nenaj-
denko, Eur. J. Org. Chem. 2010, 300 – 310.

[10] a) T. C. Rosen, S. Yoshida, R. Frçhlich, K. L. Kirk, G. Haufe, J.
Med. Chem. 2004, 47, 5860 – 5871; b) T. C. Rosen, S. Yoshida,
K. L. Kirk, G. Haufe, ChemBioChem 2004, 5, 1033 – 1043; c) J.
Oldendorf, G. Haufe, Eur. J. Org. Chem. 2006, 4463 – 4472;
d) A. K. Podichetty, S. Wagner, S. Schrçer, A. Faust, M. Sch�fers,
O. Schober, K. Kopka, G. Haufe, J. Med. Chem. 2009, 52, 3484 –
3495; e) A. K. Podichetty, S. Wagner, A. Faust, M. Sch�fers, O.
Schober, K. Kopka, G. Haufe, Future Med. Chem. 2009, 1, 969 –
989; f) K. Koroniak, G. Haufe, Synthesis 2010, 3309 – 3314; g) D.
Schrigten, H.-J. Breyholz, S. Wagner, S. Hermann, O. Schober,
M. Sch�fers, G. Haufe, K. Kopka, J. Med. Chem. 2012, 55, 223 –
232.

[11] a) K. Matoba, H. Kawai, T. Furukawa, A. Kusuda, E. Tokunaga,
S. Nakamura, M. Shiro, N. Shibata, Angew. Chem. 2010, 122,
5898 – 5902; Angew. Chem. Int. Ed. 2010, 49, 5762 – 5766; b) H.
Kawai, K. Tachi, E. Tokunaga, M. Shiro, N. Shibata, Angew.
Chem. 2011, 123, 7949 – 7952; Angew. Chem. Int. Ed. 2011, 50,
7803 – 7806; c) H. Kawai, S. Okusu, E. Tokunaga, H. Sato, M.
Shiro, N. Shibata, Angew. Chem. 2012, 124, 5043 – 5046; Angew.
Chem. Int. Ed. 2012, 51, 4959 – 4962.

[12] a) R. B. Fugitt, R. W. Luckenbaugh, US4128654, 1978 ; b) D. M.
Chan, J. K. Long, WO2007123853, 2007; c) H. Ihara, K. Kuma-
moto, WO2010090344, 2010.

[13] The result of a substructure search for 2 using the SciFinder
database in August, 2012.

[14] CRC Handbook of Chemistry and Physics, 91st ed. (Eds.: W. H.
Haynes, David R. Lide), CRC, Boca Raton, FL, 2010 – 2011.

[15] A similar transformation has been reported by Hu et.al.,[8e]

although they do not mention any assistance from NaF.
[16] CCDC-898314 (1d) 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.

Angewandte
Chemie

12279Angew. Chem. Int. Ed. 2012, 51, 12275 –12279 � 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

http://dx.doi.org/10.1039/b618251h
http://dx.doi.org/10.1039/b618251h
http://dx.doi.org/10.1002/ange.201000435
http://dx.doi.org/10.1002/ange.201000435
http://dx.doi.org/10.1002/anie.201000435
http://dx.doi.org/10.1021/ol900208n
http://dx.doi.org/10.1021/ol900208n
http://dx.doi.org/10.1021/ja903927c
http://dx.doi.org/10.1021/ja903927c
http://dx.doi.org/10.1021/om200885c
http://dx.doi.org/10.1002/ange.200804310
http://dx.doi.org/10.1002/ange.200804310
http://dx.doi.org/10.1002/anie.200804310
http://dx.doi.org/10.1002/anie.200804310
http://dx.doi.org/10.1002/ange.200805237
http://dx.doi.org/10.1002/ange.200805237
http://dx.doi.org/10.1002/anie.200805237
http://dx.doi.org/10.1021/om201029m
http://dx.doi.org/10.1021/ol300977f
http://dx.doi.org/10.1039/b801889h
http://dx.doi.org/10.1039/b801889h
http://dx.doi.org/10.1002/ange.200904747
http://dx.doi.org/10.1002/ange.200904747
http://dx.doi.org/10.1002/anie.200904747
http://dx.doi.org/10.1002/ange.201203588
http://dx.doi.org/10.1002/ange.201203588
http://dx.doi.org/10.1002/anie.201203588
http://dx.doi.org/10.1002/anie.201203588
http://dx.doi.org/10.1126/science.1200514
http://dx.doi.org/10.1002/aoc.1658
http://dx.doi.org/10.1002/aoc.1658
http://dx.doi.org/10.1016/S0040-4020(03)00019-X
http://dx.doi.org/10.1002/chem.200700187
http://dx.doi.org/10.1021/jo802819p
http://dx.doi.org/10.1021/jo802819p
http://dx.doi.org/10.1016/j.tet.2007.05.087
http://dx.doi.org/10.1016/S0040-4039(97)01237-9
http://dx.doi.org/10.1016/S0040-4039(97)01237-9
http://dx.doi.org/10.1246/cl.1982.265
http://dx.doi.org/10.1002/ejoc.200900926
http://dx.doi.org/10.1021/jm049957t
http://dx.doi.org/10.1021/jm049957t
http://dx.doi.org/10.1002/cbic.200400053
http://dx.doi.org/10.1002/ejoc.200600456
http://dx.doi.org/10.1021/jm8015014
http://dx.doi.org/10.1021/jm8015014
http://dx.doi.org/10.4155/fmc.09.66
http://dx.doi.org/10.4155/fmc.09.66
http://dx.doi.org/10.1021/jm201142w
http://dx.doi.org/10.1021/jm201142w
http://dx.doi.org/10.1002/ange.201002065
http://dx.doi.org/10.1002/ange.201002065
http://dx.doi.org/10.1002/anie.201002065
http://dx.doi.org/10.1002/ange.201102442
http://dx.doi.org/10.1002/ange.201102442
http://dx.doi.org/10.1002/anie.201102442
http://dx.doi.org/10.1002/anie.201102442
http://dx.doi.org/10.1002/ange.201201278
http://dx.doi.org/10.1002/anie.201201278
http://dx.doi.org/10.1002/anie.201201278
http://www.angewandte.org

