LIETERS

pubs.acs.org/OrglLett

lodine(lll)-Mediated Oxy-fluorination of Alkenyl Oximes: An Easy
Path to Monofluoromethyl-Substituted Isoxazolines

Weidong Kong,§’>;-f“t Quanping Guo, ™ Zhaoging Xu,#* Guogiang Wang,_“t Xianxing Jiang,

and Rui Wang*’m

o f

School of Pharmaceutical Sciences, Sun Yat-sen University, Guangzhou 510006, China

*Key Laboratory of Preclinical Study for New Drugs of Gansu Province, School of Basic Medical Sciences, Lanzhou University,

Lanzhou 730000, China

© Supporting Information

Fe (10 equiv)

NOH HF-Py (10 equiv) N-O O OH
PIDP (1.2 equiv) ’ NH,CI (10 equiv)
e ChFE — o CH,F
CH,Cl, / tol. = 1:1 EtOH / H,0 (1:1)
-20°C,2h reflux, 10 h
1a 2a, 84% 3, B4%

ABSTRACT: A highly regioselective intramolecular oxy-fluorination of alkenyl oximes was achieved. This new transformation
represents an efficient method for the preparation of monofluoromethyl-substituted isoxazolines. The synthetic application of the
oxy-fluorination product was demonstrated by a one-step synthesis of monofluoromethyl-substituted A-hydroxyl ketone

derivatives.

Research in the field of organofluorine chemistry has
increased dramatically in recent years due to the unique
electronic properties of fluorine and its ability to induce
conformational and electronic changes in organic molecules.'
In drug discovery, the introduction of fluorine for dru
candidate modification has become an important strategy.
Compounds containing C—F bonds also play important roles
in material® and agrochemical sciences.” Therefore, it is not
surprising that studies focused on the synthesis of fluorine-
containing organic compounds are attracting more and more
attention. Recently, the introduction of monofluoromethyl
groups (—CH,F) into drug candidates had been utilized as an
important strategy in drug discovery. Indeed, —CH,F motifs
play important roles in many biologically active compounds,
such as afloqualone, fluticasone propionate, and the anesthetic
sevoflurane (Figure 1).> Compared with the numerous reports

afloqualone

Figure 1. Representative bioactive molecules containing monofluor-
omethyl groups.

that exist on the preg)aration of trifluoromethyl® and
difluoromethyl-containing” molecules, research on the synthesis
of monofluoromethyl substituted molecules is very limited.”
The isoxazolines skeleton is found in several biologically
active agents and also plays a versatile role in organic synthesis.g
As part of our research on the synthesis of isoxazolines,'® we
recently became interested in the preparation of monofluor-
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omethyl-substituted isoxazolines. Difunctionalization of an
alkene through an oxy-fluorination reaction is the most
straightforward way to construct a vicinal oxygen fluorine
moiety."' We envisioned that by using an intromoleculer oxy-
fluorination reaction, an alkenyl oxime might be cyclized to
form monofluoromethyl-substituted isoxazolines.'> However,
despite the significant attention received by the synthetic
community, there are still some limitations in alkene oxy-
fluorination reactions: (i) the oxy parts in previous studies
were mainly restricted to carbons connected to an —OH group,
such as simple alcohols and carbonate acids; (ii) electrophilic
fluorination reagents, such as Selectfluor (1-chloromethyl-4-
fluoro-1,4-diazoniabicyclo[2.2.2]octane bis(tetrafluoroborate))
or NFSI (N-fluorobenzenesulfonamide) are mostly used,
whereas the nucleophilc fluorine resources were seldom
studied.

Hypervalent iodine complexes are well-known as versatile
oxidizing reagents for mediating organic reactions involving the
formation of new C—C and C—heteroatom bonds."* Because of
their low toxicity, high stability, ease of handling, and now
commercial availability, they have served as useful synthetic
oxidants in organic synthesis and have become highly welcome
both in the chemical industry and academic laboratories. In the
last three decades, hypervalent iodine reagents have been
employed to mediate the difunctionalization of alkenes without
the use of metal catalysts.'* In 2000, Hara and Yoneda reported
the oxy-fluorination of unsaturated alcohols or carboxylic acids
by using difluoroiodotoluene (4-CH;-PhIF,) as the promoter,
and the yields were between 40% to 60%.'*" However, the
preparation of ArIF, usually requires relatively harsh conditions,
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such as the use of F,,'® XeF,,'"®" or toxic HgO and Cl,,'3d
which restricted its further application. Very recently, Li'"* and
Nevado'” described the intramolecular aminifluorination of
alkenes by employing iodine(III) as a mediator, respectively.

In this paper, we report the first example of hypervalent
iodine-promoted intromolecular oxy-fluorination of unsatu-
rated oximes. By this method, the biologically interesting
monofluoromethyl-substituted isoxazolines were obtained in
good yield through fluorocylization. In the reaction, benign
PIDP (PhI(OPiv),) was used as the oxidant and the cost-
effective HF—Py (HF—pyridine) was employed as the F-source.
Furthermore, a synthetically useful building block, namely,
monofluoromethyl-substituted B-hydroxyl ketone derivatives,
can now be synthesized via a simple ring-opening reaction from
the isoxazoline product.

We initiated our study with oxime 1a as a substrate, Et;N—
3HF (10 equiv) as a F-source, and 1.2 equiv of PhIO as an
oxidant. The reaction was carried out in dry CH,Cl, under an
argon atmosphere at room temperature. However, only 15% of
the desired oxy-fluorination product 2a was obtained (Table 1,
entry 1). Reaction temperature screening revealed that —20 °C
was the most efficient for this reaction (entries 2—5). In all of
the above-mentioned cases, some oxy-hydroxylation byproduct
2a’ was also detected in the system. Various fluorination
reagents were also tested, and we found that AgF or KF were

Table 1. Optimization of Reaction Conditions”

conditions : N-Q
o U
—_—
)\/\ J\)\CHZF : PhMCHzx
i 23", X=OH
' 2a”, X =0OAc

2a™, X = OCOCF,
AcO\]/OAc F3COCO\]/OCOCF3 PlvO\I/OPw

C 0 O

PIDA PIFA PIDP
entry iodine(III) F source solvent T (°C)  yield® (%)
1 PhIO EttN-3HF  CH,Cl, rt 15
2 PhIO Et;N-3HF  CH,CL 0 30
3 PhIO  E4N-3HF  CH,ClL -20 56
4 PhIO Et;N-3HF  CH,Cl, —40 55
5 PhI0O  EBLN-3HF  CH,Cl, —78 50
6 PhIO  AgF CH,CI, 20 0
7 PhIO  KE CH,Cl, -20 0
8 PhIO  HF-Py CH,Cl, -20 69
9 PIDA HF—-Py CH,Cl, -20 58
10 PIFA  HF-Dy CH,Cl, -20 32
11 PIDP  HF-Py CH,Cl, -20 77
12 PIDP HF-Py tol. =20 76
13 PIDP HF-Py Et,O -20 68
14 PIDP HF-Py THF -20 trace
1S  PIDP  HF-Py CHCI, -20 71
16 PIDP HF-Py CICH,CH,Cl -20 72
17 PIDP  HF-Py CH,CN -20 trace
18 PIDP HF-Py Cl-Ph -20 SS
19  PIDP  HE-Py xylene -20 66
20 PIDP HF-Py CH,Cl,/tol” -20 84

“All reactions were carried out by using 0.2 mmol of 1a, 2 mmol of F
source, 0.24 mmol of iodine(III), and 2 mL of solvent with stirring for
2 h. bIsolated yields. “The ratio of CH,Cl, and toluene is 1:1.

completely ineffective for the reaction (entries 6 and 7).
Fortunately, when HF—Py was used, no 2a’ was observed in
the reaction and the yield increased to 69% (entry 8).
Replacement of PhIO by other iodine(Il) reagents, namely,
PIDA (PhI(OAc),, entry 9) and PIFA (PhI(O,CCF;),, entry
10), led to the formation of byproducts 2a” and 2a”,
respectively. We envisioned that a large substituent, with
weak nucleophility, on the iodine atom might be able to
suppress the generation of this byproduct. To our delight, the
bulky I(III) reagent, PIDP, promoted a clean transformation
without any side product, and the yield increased to 77% (entry
11). Finally, a solvent survey indicated that the mixed solvent
(CH,Cl,/tol = 1:1) was optimal, whereafter an 84% yield of 2a
was obtained (entries 12—20).'*

With the optimal reaction conditions in hand, we next
investigated reaction generality (Scheme 1). Aromatic oximes
bearing an —CHj; or —OCH; substituent at the o-, m-, or p-

a,b

Scheme 1. Investigation of Substrate Scope
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“All reactions were carried out by using 0.4 mmol of 1, 10 equiv of
HE—Py, 1.2 equiv of PIDP, and 4 mL of solvent (CHZCIZ/ toluene =
1/1) at —20 °C for 2 h. bYlelds refer to isolated yields.
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position on the aryl ring performed well under the standard
conditions (2b—f). Substrates with a 2-, 3-, or 4-chlorine-
substituted phenyl also reacted smoothly in good yield (2g—i).
When disubstituted aromatic oximes were employed, different
reactivities were observed. Oximes with a 3,4-dimethylphenyl
group or a 2,4-dichlorophenyl showed good results (2j and 2I),
whereas a 3,5-dimethoxylphenyl-substituted oxime only led to a
40% yield (2k). Substrates with other types of substituents,
such as p-F-phenyl, p-Br-phenyl, p-NO,-phenyl, p-CN-phenyl,
or 2-naphthalenyl, all worked well and gave the desired
products in good yields (2m—q). Under the stated conditions,
aliphatic oximes provided moderate conversions to the desired
products (2r, 42%). We were pleased to find that the present
method could be successfully applied to construct a
monofluoromethyl-substituted isoxazoline containing a quater-
nary carbon center (2s, 83%). Finally, an oxime with an internal
alkene was tested and gave the corresponding cyclization
product 2t in 86% isolated yield.

To further illustrate the synthetic utility of the oxy-
fluorination product, isoxazoline 2a was applied to a reductive
ring-opening reaction. The reaction proceeded smoothly and
gave the monofluoromethyl substituted S-hydroxyl ketone 3 in
84% yield (Scheme 2, eq 1). Moreover, the oxy-fluorination
reaction could be conducted on a 10 mmol scale without
affecting the reactivity of the process (eq 2).

Scheme 2. Synthetic Utility of Current Method

Fe (10 equiv) O OH

! NH,CI (10 equiv)
CHF - CH,F  (eq. 1]
EtOH / HO (1:1)
reflux, 10 h
2a 3,84%
N’OH HF-Py (10 equiv) N-O
I PIDP (1.2 equiv) )
T o T y
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1a, 1.61g, 10 mmol 2a 78%

On the basis of previous reports and our own consid-
erations,"”"” the pathway below can be proposed for the oxy-
fluorination reaction (Scheme 3). At the beginning, PIDP

Scheme 3. Proposed Mechanism

PivO_,_OPiv

| F.,F

HF-Py
—_—

JOH J.CH F
N N \£Ph
R)\/\ -F R/J\/<’ ;”\
1 A =
po)
NI CH,F -Phl r;l—o
- —_—
R)\/(é!/j -F R/K)\CHzF
B Ph 2

reacted with HF—Py in situ and forms PhIF, through ligand
exchange. The alkene then reacted with PhIF, to generate an
iodonium cation A, which was attacked by a F~ to form
intermediate B. A subsequent intramolecular nucleophilic
attack of —OH and reductive elimination of I(IIl) led to the
desired product 2.
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In conclusion, we have developed a highly regioselective
metal-free method for the intramolecular oxidative oxy-
fluorination of unactivated terminal alkenes, in which HF—Py
is employed as the fluorine source in the presence of PIDP.
This new transformation represents an efficient method for the
preparation of monofluoromethyl-substituted isoxazolines.
Moreover, the synthetic utility of the product was demon-
strated by a one-step synthesis of monofluoromethyl-
substituted B-hydroxyl ketone derivatives in good yield.

B ASSOCIATED CONTENT
© Supporting Information

Experimental details, characterization data, and NMR spectra.
The Supporting Information is available free of charge on the
ACS Publications website at DOI: 10.1021/acs.or-
glett.5b01646.

B AUTHOR INFORMATION
Corresponding Authors

*E-mail: zqxu@lzu.edu.cn.
*E-mail: xianxingjiang@163.com.
*E-mail: wangrui@lzu.edu.cn.
Author Contributions

SW.K. and Q.G. contributed equally to the work.
Notes

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

We are grateful for the grants from the NSFC (No. 21432003
and 21202072), the Fundamental Research Funds for the
Central Universities (Nos. 860976 and 861966), and Major
Scientific and Technological Project of Guangdong Province
(No. 2011A08030001)

B REFERENCES

(1) O’Hagan, D. Chem. Soc. Rev. 2008, 37, 308.

(2) (a) Miiller, K; Faeh, C.; Diederich, F. Science 2007, 317, 1881.
(b) Purser, S.; Moore, P. R.; Swallow, S.; Gouverneur, V. Chem. Soc.
Rev. 2008, 37, 320.

3) (@) Hung, M. H.; Farnham, W. B,; Feiring, A. E,; Rozen, S. In
Fluoropolymer: Synthesis; Hougham, G., Cassidy, P. E., Johns, K,
Davidson, T., Eds.; Plenum: New York, 1999; Vol. 1, p 5S.

(4) Jeschke, P. ChemBioChem 2004, S, 570.

(5) (a) Wallin, R. F.; Regan, B. M.; Napoli, M. D.; Stern, L J. Anesth.
Analg. 1975, 54, 758. (b) Hu, J.; Zhang, W.; Wang, F. Chem. Commun.
2009, 746S.

(6) For selected reviews of trifluoromethylation, see: (a) Schlosser,
M. Angew. Chem., Int. Ed. 2006, 45, 5432. (b) Ma, J.-A.; Cahard, D. J.
Fluorine Chem. 2007, 128, 975. (c) Furuya, T.; Kamlet, A. S.; Ritter, T.
Nature 2011, 473, 470. (d) Tomashenko, O. A.; Grushin, V. V. Chem.
Rev. 2011, 111, 4475. (e) Jin, Z.; Hammond, G. B.; Xu, B. Aldrichimica
Acta 2012, 4S5, 67. (f) Chen, P,; Liu, G. Synthesis 2013, 45, 2919.
(g) Liu, X;; Xu, C; Wang, M,; Liu, Q. Chem. Rev. 2015, 115, 683.

(7) For review of difluoromethylation, see: (a) Ni, C.; Hu, M.; Hu, J.
Chem. Rev. 2015, 115, 765. For selected examples of difluoroalky-
lations, see: (b) Fujikawa, K.; Fujioka, Y.; Kobayashi, A.; Amii, H. Org.
Lett. 2011, 13, 5560. (c) Fujiwara, Y.; Dixon, J. A; Rodriguez, R. A;
Baxter, R. D.; Dixon, D. D.; Collins, M. R.; Blackmond, D. G.; Baran,
P.S.J. Am. Chem. Soc. 2012, 134, 1494. (d) Fier, P. S.; Hartwig, J. F. J.
Am. Chem. Soc. 2012, 134, 5524. (e) Jiang, X.-L.; Chen, Z.-H.; Xu, X.-
H,; Qing, F.-L. Org. Chem. Front. 2014, 1, 774. (f) Prakash, G. K. S;
Ganesh, S. K,; Jones, J.-P.; Kulkarni, A.; Masood, K.; Swabeck, J. K;
Olah, G. A. Angew. Chem., Int. Ed. 2012, 51, 12090. (g) Mizuta, S.;
Stenhagen, 1. S. R;; O’Duill, M.; Wolstenhulme, J.; Kirjavainen, A. K;

DOI: 10.1021/acs.orglett.5b01646
Org. Lett. 2015, 17, 3686—3689



Organic Letters

Forsback, S. J.; Tredwell, M.; Sandford, G.; Moore, P. R.; Huiban, M.;
Luthra, S. L.; Passchier, J.; Solin, O.; Gouverneur, V. Org. Lett. 2013,
15, 2648. (h) Xia, J.-B.; Zhu, C.; Chen, C. J. Am. Chem. Soc. 2013, 135,
17494. (i) Ge, S.; Chaladaj, W.; Hartwig, J. F. J. Am. Chem. Soc. 2014,
136, 4149. (j) Su, Y.-M.; Hou, Y,; Yin, F.; Xu, Y.-M; Li, Y.; Zheng, X,;
Wang, X.-S. Org. Lett. 2014, 16, 2958. (k) Sun, X;; Yu, S. Org. Lett.
2014, 16, 2938. (1) Xu, P.; Guo, S.; Wang, L.; Tang, P. Angew. Chem.,,
Int. Ed. 2014, 53, 5955.

(8) For monofluoromethylation reaction, see: (a) Fujiwara, Y.;
Dixon, J. A; O’Hara, F.; Funder, E. D,; Dixon, D. D.; Rodriguez, R. A;;
Baxter, R. D.; Herlé, B.; Sach, N.; Collins, M. R;; Ishihara, Y.; Baran, P.
S. Nature 2012, 492, 95. (b) Doi, H.; Ban, L; Nonoyama, A.; Sumi, K;
Kuang, C.; Hosoya, T.; Tsukada, H.; Suzuki, M. Chem. - Eur. ]. 2009,
15, 4165. (c) Zhao, Y.; Gao, B.; Ni, C.; Hu, J. Org. Lett. 2012, 14, 6080.
(d) Zhao, Y,; Ni, C; Jiang, F.; Gao, B.; Shen, X;; Hu, J. ACS Catal.
2013, 3, 631. (e) Su, Y.-M,; Feng, G.-S.; Wang, Z.-Y.; Lan, Q.,; Wang,
X.-S. Angew. Chem.,, Int. Ed. 2015, 54, 6003.

(9) Selected examples of biological evaluation of isoxazolines:
(a) Castellano, S.; Kuck, D.; Viviano, M.; Yoo, J.; Lopez-Vallejo, F.;
Conti, P.; Tamborini, L.; Pinto, A.; Medina-Franco, J. L.; Sbardella, G.
J. J. Med. Chem. 2011, 54, 7663. (b) Poutiainen, P. K.; Veniliinen, T.
A.; Perikyld, M.; Matilainen, J. M.; Viisinen, S.; Honkakoski, P.;
Laatikainen, R.; Pulkkinen, J. T. Bioorg. Med. Chem. 2010, 18, 3437.
For synthetic application of isoxazolines, see: (c) Namboothiri, I. N.
N.; Rastogi, N. Synthesis of Heterocycles via Cycloadditions I In
Topics in Heterocyclic Chemistry; Hassner, A., Eds; Springer: Berlin,
2008; p 1. (d) Bode, J. W.; Carreira, E. M. Org. Lett. 2001, 3, 1587.
(e) Curran, D. P.; Heffner, T. A. J. Org. Chem. 1990, SS, 4585.
(f) Kozikowski, A. P. Acc. Chem. Res. 1984, 17, 410. Selected examples
for the synthesis of isoxazolines, see: (g) Jiang, D.; Peng, J.; Chen, Y.
Org. Lett. 2008, 10, 169S. (h) Zhu, M.-K;; Zhao, J.-F.; Loh, T.-P. J. Am.
Chem. Soc. 2010, 132, 6284. (i) He, Y.-H,; Li, L.-H;; Yang, Y.-F.; Wang,
Y.-Q; Luo, J-Y,; Liu, X.-Y,; Liang, Y.-M. Chem. Commun. 2013, 49,
5687. (j) Tripathi, C. B.; Mukherjee, S. Angew. Chem., Int. Ed. 2013,
52, 8450.

(10) (a) Zhy, L;; Yu, H,; Xu, Z,; Jiang, X,; Lin, L.; Wang, R. Org. Lett.
2014, 16, 1562. (b) Zhu, L.; Wang, G.; Guo, Q;; Xu, Z,; Zhang, D.;
Wang, R. Org. Lett. 2014, 16, 5390.

(11) For the general case of 1,2-difunctionalization of alkenes, see:
Koser, G. E. Top. Curr. Chem. 2000, 208, 137.

(12) Selected examples for hypervalent iodine mediated oxidation of
aldoximes to nitrile oxides and their applications in the synthesis of
isoxazolines: (a) De, S. K; Mallik, A. K. Tetrahedron Lett. 1998, 39,
2389. (b) Raihan, M. J; Kavala, V.; Kuo, C.-W,; Raju, R; Yao, C.-F.
Green Chem. 2010, 12, 1090. (c) Radhakrishna, A. S.; Sivaprakash, K;
Singh, B. B. Synth. Commun. 1991, 21, 1625. (d) Chatterjee, N.;
Pandit, P.; Halder, S.; Patra, A,; Maiti, D. K. J. Org. Chem. 2008, 73,
7775. (e) Jawalekar, A. M.; Reubsaet, E.; Rutjes, F. P. J. T.; van Delft,
F. L. Chem. Commun. 2011, 47, 3198. (f) Niu, T.-F.; Lv, M.-F.; Wang,
L,; Yi, W.-B; Cai, C. Org. Biomol. Chem. 2013, 11, 1040. (g) Das, B,;
Holla, H.; Mahender, G.; Banerjee, J.; Ravinder Reddy, M. Tetrahedron
Lett. 2004, 45, 7347. (h) Mendelsohn, B. A; Lee, S.; Kim, S.; Teyssier,
F.; Aulakh, V. S; Ciufolini, M. A. Org. Lett. 2009, 11, 1539. (i) Frie, J.
L.; Jeffrey, C. S.; Sorensen, E. J. Org. Lett. 2009, 11, 5394.

(13) (a) Lourie, L. F.; Serguchev, Y. A; Ponomarenko, M. V,;
Rusanov, E. B.; Vovk, M. V,; Ignat’ev, N. V. Tetrahedron 2013, 69, 833.
(b) Wilkinson, S. C.; Lozano, O.; Schuler, M,; Pacheco, M. C;
Salmon, R;; Gouverneur, V. Angew. Chem., Int. Ed. 2009, 48, 7083.
(c) Parmar, D.; Rueping, M. Chem. Commun. 2014, 50, 13928.
(d) Sawaguchi, M.; Hara, S.; Fukuhara, T.; Yoneda, N. J. Fluorine
Chem. 2000, 104, 277.

(14) Some selected reviews: (a) Zhdankin, V. V.; Stang, P. J. Chem.
Rev. 2002, 102, 2523. (b) Zhdankin, V. V.; Stang, P. J. Chem. Rev.
2008, 108, 5299. (c) Schafer, S.; Wirth, T. Angew. Chem., Int. Ed. 2010,
49, 2786. (d) Dohi, T,; Kita, Y. Chem. Commun. 2009, 2073.
(e) Ngatimin, M.; Lupton, D. W. Aust. . Chem. 2010, 63, 653.
(f) Uyanik, M.; Ishihara, K. Chem. Commun. 2009, 2086. (g) Moriarty,
R. M,; Prakash, O., Eds; Hypervalent Iodine in Organic Chemistry:
Chemical Transformations; Wiley-Interscience, New York, 2008.

3689

(h) Ciufolini, M. A; Braun, N. A; Canesi, S.; Ousmer, M.; Chang,
J.; Chai, D. Synthesis 2007, 2007, 3759.

(15) Some selected examples where polyvalent iodine reagents
mediate alkene difunctionalization: (a) Lovick, H. M.; Michael, F. E. J.
Am. Chem. Soc. 2010, 132, 1249. (b) Wardrop, D. J.; Bowen, E. G
Forslund, R. E.; Sussman, A. D.; Weerasekera, S. L. J. Am. Chem. Soc.
2010, 132, 1188. (c) Kang, Y.-B.; Gade, L. H. J. Am. Chem. Soc. 2011,
133, 3658. (d) Rdben, C.; Souto, J. A.; Gonzalz, Y.; Lishchynskyi, A.;
Mutiz, K. Angew. Chem., Int. Ed. 2011, 50, 9478. (e) Cochran, B. M.;
Michael, F. E. Org. Lett. 2008, 10, 5039. (f) Correa, A; Tellitu, I;
Dominguez, E.; Sanmartin, R. J. Org. Chem. 2006, 71, 8316. (g) Muiz,
K; Hovelmann, C. H.; Campos-Gomez, E.; Barluenga, J.; Gonzélez, J.
M,; Streuff, J.; Nieger, M. Chem. - Asian ]. 2008, 3, 776. (h) Li, H;
Widenhoefer. Tetrahedron 2010, 66, 4827. (i) Fujita, M.; Wakita, W.;
Sugimura, T. Chem. Commun. 2011, 47, 3983.

(16) (a) Naumann, D.; Ruther, G. J. Fluorine Chem. 1980, 15, 213.
(b) Zupan, M.; Pollak, A. J. Chem. Soc, Chem. Commun. 1975, 718.

(17) (a) Wang, Q;; Zhong, W.; Wei, X; Ning, M.; Meng, X,; Li, Z.
Org. Biomol. Chem. 2012, 10, 8566. (b) Kong, W.; Feige, P.; de Haro,
T.; Nevado, C. Angew. Chem,, Int. Ed. 2013, 52, 2469. (c) Ali Dondas,
H.; Grigg, R; Hadjisoteriou, M.; Markandu, J; Kennewell, P;
Thornton-Pett, M. Tetrahedron 2001, 57, 1119.

(18) The experiment using p-Me-PhlF, in the reaction gave poor
results due to its instability.

DOI: 10.1021/acs.orglett.5b01646
Org. Lett. 2015, 17, 3686—3689



