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Abstract: A variety of enamine carboxylic esters
and enaminones were converted to the biologically
interesting fluorinated 2H-azirines through reac-
tions with PhIF2 generated in situ by PhIO and
Et3N ·3HF in 1,2-dichroloethane, which features the
hypervalent iodine reagents-mediated introduction
of fluorine atom and formation of the 2H-azirine
skeleton under metal-free conditions. The domino
reaction is postulated to proceed via a PhIF2-
mediated oxidative fluorination and a subsequent
azirination of the fluorinated enamine intermedi-
ates.

Keywords: enamine; difluoroiodoarene generated
in situ; domino reaction; fluorination; azirination

Organofluorine compounds are extremely scarce in
natural organohalides, as only five natural fluorinases
have been discovered.[1] Fluorine substitution in
organic compounds enables many valuable properties,
which are applicable to pharmaceuticals, agrochemi-
cals, and materials bearing an outstanding property.[2]

It has also been well known that the introduction of
fluorine atoms into pharmaceuticals can increase their
metabolic stability, lipophilicity, and overall biological
activity, and thus more than 150 commercially avail-
able pharmaceutical agents contain at least one
fluorine atom.[3]

2H-azirines, the smallest heterocyclic compounds
with an imino-type C=N bond incorporated into a
three-membered ring, have been studied extensively
for their presence in natural products.[4] Furthermore,
2H-azirines have been applied to the synthesis of
various N-containing heterocycles via strain-driven

ring expansion.[5] For example, azirinomycin was
isolated from Streptomyces aureus by Miller and co-
workers in 1970 as the first example of a natural
product containing an azirine ring, which was found to
exhibit a broad range of in vitro antibiotic activities
against both gram-positive and gram-negative bacte-
ria.[4] Other azirine-containing natural products in-
clude (R)-(�)- and (S)-(+)-dysidazirine and (S)-
(+)-antazirine, isolated from dysidea fragilis
(Scheme 1).

The predominant synthetic methods developed for
the construction of this interesting class of compounds
include the classic Neber rearrangement of proper
imine substrates,[6] azirination of vinyl azides,[7] elimi-
nation or oxidation of aziridines,[8] ring contraction of
isoxazoles,[9] oxazaphosphole derivatives,[10] and cou-

pling reactions between nitriles and carbenes[11] or
between nitrenes and acetylenes.[12] In 2009, our group
reported that 2H-azirines could also be obtained via
direct oxidative azirination of enamine compounds
(Scheme 2a).[13] Although the above approach enables
the synthesis of various 2H-azirine compounds bearing

Scheme 1. Representatives of naturally-occuring 2H-azirines.
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different substitution, to the best of our knowledge,
there have been scarce reports on the synthesis of F-
containing 2H-azirines.[14] As both the 2H-azirine
framework and F atom are important pharmacores in
medicinal chemistry, it should be highly desirable to
develop methodologies for synthesis of F-containing
2H-azirines.

Recently, the chemistry of hypervalent iodine
compounds has accomplished remarkable progress,[15]

and it has been proven that this class of “green”
oxidant compounds have shown many synthetically
useful characteristics, including mild oxidizing prop-
erty, similar chemical behaviors to transition metals,
and the environmentally benign feature. Among them,
difluoroiodoarenes (ArIF2), bearing two fluorine
atoms, have been widely used in synthetic applica-
tions.[16] For example, difluoroiodoarenes have shown
to be an efficient fluorinating reagent in the fluorina-
tion reactions of 1,3-dicarbonyl compounds and have
been applied to the fluorination of b-ketoesters, b-
ketoamides, and b-diketones.[17] Besides, difluoroio-
doarenes have also been used to fluorinate various
alkenes and diazocompounds, leading to the synthesis
of various organofluorine compounds.[18] It has also
been well documented that the combined use of PhIO
and amine ·HF complex could generate PhIF2 in situ
and the use of such oxidative system could be applied
to fluorination reactions.[19]

In 2013, we reported that enaminones and enamine
carboxylic esters could be converted to the trifluor-
oethoxylated 2H-azirines via PhIO-mediated oxida-
tive trifluoroethoxylation and the subsequent intra-
molecular azirination (Scheme 2b).[20] As this work
allowed the introduction of trifluoromethyl moiety
into 2H-azirine product to be achieved, we were also
interested to realize the introduction of the bio-

logically interesting F atom into the 2H-azirine
products by using difluoroiodobenzene, generated
in situ from the reaction of PhIO and Et3N ·3HF.

We began our investigation by choosing compound
1 a, a relatively easily prepared product from commer-
cially available acetophenone and dimethyl carbonate
in a straightforward two step process, as the model
substrate.

We first attempted the reaction by subjecting
enamino ester 1 a to various solvents in the presence
of PhIO as oxidant and Et3N ·3HF as fluorine reagent
(Table 1). Solvents including CH3CN, DMF and
DMSO were studied, however, TLC analysis indicated
that no desired product was formed in each case
(Table 1, entries 1–3). To our delight, we found that
the reaction in toluene furnished the desired product,
albeit in a low yield of 35% (Table 1, entry 4). DCE
was latter proved to be a more effective solvent as the
reaction gave the desired product in 67% yield
(Table 1, entry 6). The use of other fluorine reagents
including amine ·4HF, amine ·5HF (amine means the
mixture of Et3N and pyridine) also afforded the
desired products in moderate yield, respectively
(Table 1, entries 8–9), while HF (40% aqueous solu-
tion) and Olah reagent did not provide any desired
product under the conditions (Table 1, entries 7 and
10). Finally, screening of the dosage of Et3N ·3HF
showed that when the amount of Et3N ·3HF was
increased to 3.0 equiv. or decreased to 1.0 equiv. no
improvement was obtained in each case (Table 1,
entries 11–12). Subsequently, the other commonly
used I(III) oxidants were also examined, while PIDA
gave an even lower yield and PIFA was detected to be
ineffective for the reaction (Table 1, entries 13–14).
Combining all the testing results, the optimized
conditions are finally determined to be PhIO
(2.2 equiv.) as oxidant and Et3N ·3HF (2.0 equiv.) as
fluorine reagent in DCE (Table 1, entry 6).

Under the optimized reaction conditions, the scope
and limitation of this cascade fluorination and azirina-
tion reaction was investigated (Table 2). A series of
reactions of enamino esters containing electron-rich or
electron-deficient aryl groups all reacted smoothly,
providing the corresponding fluorinated 2H-azirine
products in moderate to good yields (2 a–k, 52–78%).
Specifically, enamines bearing both electron-donating
and electron-withdrawing groups in the phenyl ring
afforded the desired products in good yields while
substrates possessing a strong electron-donating me-
thoxy group at para position could not afford the
products (not shown). Meanwhile, enamines bearing
substituents at para position gave the products in
higher yields than the corresponding meta- and ortho-
substituted enamines, except for the meta methoxy
substituted substrates. An enamine bearing a naphthyl
group also furnished the corresponding fluorinated
product (2 l) in good yield (81%).

Scheme 2. Formation of 2H-azirines via I(III)-mediated
oxidative azirination of enamines.
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Next, a series of substrates bearing different ester
moieties were tested. Enamino esters bearing n-butyl
ester, i-propyl ester, t-butyl ester and phenylethyl ester
also reacted smoothly to afford the corresponding
fluorinated 2H-azirines in good yields (2 m–p). Further
experiments showed that this method worked moder-
ately for a broad range of enaminones although the
corresponding products were obtained in relatively
lower yields (2 q–t).

In order to investigate whether the carbonyl group
in the substrate is indispensable for this reaction, we
had the carbonyl group in substrate 1 d replaced with
an electron-withdrawing cyano group and subjected
the corresponding 3-amino-3-(4-chlorophenyl)acrylo-
nitrile 4[22] to the standard conditions. However, the
reaction underwent solely the intramolecular azirina-
tion leading to the formation of 3-(4-chlorophenyl)-
2H-azirine-2-carbonitrile 5 in 49% yield, without any
detection of the fluorinated 2H-azirine product (Sche-
me 3a). Disappointingly, when enamine substrate
bearing a strong electron-withdrawing nitro group 6[23]

was subjected to the optimal reaction conditions, no

reaction occured and the starting material was recov-
ered in 93% yield (Scheme 3b).

One important application of the obtained fluori-
nated-2H-azirine derivatives is their potential to be
transformed into various isoxazole compounds via
intramolecular ring expansion.[5,13,20] For example,
upon treatment 2 q with FeCl2 in refluxing 1,4-dioxane
at 101 8C, fluorinated 2H-azirine 2 q could be effi-

Table 1. Optimization of reaction conditions.[a]

Entry Oxidant F reagent Solvent Yield (%)[a]

1 PhIO Et3N· 3HF CH3CN ND
2 PhIO Et3N· 3HF DMF ND
3 PhIO Et3N· 3HF DMSO ND
4 PhIO Et3N· 3HF toluene 35
5 PhIO Et3N· 3HF DCM 58
6 PhIO Et3N· 3HF DCE 67
7 PhIO 40% HF DCE ND
8 PhIO amine · 4HF[c] DCE 51
9 PhIO amine · 5HF[d] DCE 55
10 PhIO Olah reagent DCE ND
11 PhIO Et3N· 3HF[e] DCE 55
12 PhIO Et3N· 3HF[f] DCE 43
13 PIDA Et3N· 3HF DCE 15
14 PIFA Et3N· 3HF DCE ND
[a] Reaction conditions: all reactions were carried out by

mixing the I(III) oxidant (2.2 mmol) and F reagent
(2 mmol) in solvent (10 mL) at rt for 15 min and then 1 a
was added (1 mmol in 1 mL of solvent) dropwise at rt
unless otherwise stated.

[b] Isolated yield.
[c] Mixture of pyr · 9HF 0.467 mmol (0.110 mL) and

Et3N ·3HF 2.39 mmol (0.390 mL).
[d] Mixture of pyr · 9HF 0.870 mmol (0.205 mL) and

Et3N ·3HF 1.81 mmol (0.295 mL).
[e] 3.0 equiv. of Et3N · 3HF was used.
[f] 1.0 equiv. of Et3N · 3HF was used.

Table 2. Synthesis of 2-fluoro-2H-azirine derivatives through
PhIO-mediated fluorination and azirination of Enamines.[a]

[a] all reactions were carried out by mixing the oxidant
(2.2 mmol) and F reagent (2 mmol) in DCE (10 mL) at rt
for 15 min and then adding 1 a (1 mmol in 1 mL of DCE)
dropwise at rt unless otherwise stated.

[b] Isolated yields.
[c] The structure of 2d was confirmed by X-ray crystal-

lography.[21]

Scheme 3. Investigation the reaction scope by changing the
carbonyl group with different electron-withdrawing groups.
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ciently turned into the corresponding isoxazole 3 in
good yield through an intramolecular rearrangement
reaction (Scheme 4).

In order to gain insights into the reaction mecha-
nism, we tried to isolate and confirm the structure of
the proposed enamine intermediate. When the
amount of PhIO was decreased to 1.1 equiv., the
reaction of substrate 1 a did not afford any isolable a-
fluoro enamine carboxylic ester intermediate 4 a
(Scheme 5a). This result may indicate that the a-
fluoro enamine intermediate may not be stable under
the reaction conditions.[24] Fortunately, when the
phenyl-protected enamine carboxylic ester 5 a[25] was
used, the corresponding a-fluoro enamine carboxylic
ester intermediate 6a could be obtained in 45% yield
by using PhIO (1.1 equiv.) and Et3N

.3HF (1.0 equiv.)
(Scheme 5b). Furthermore, when a-hydrogen 2H-
azirine 7 a prepared by a known procedure[26] was
subjected to the standard conditions, no a-fluorinated
2H-azirine 2 a could be obtained (Scheme 5c). This
result obviously ruled out the alternative mechanistic
pathway in which the azirination occurs prior to the
fluorination.

Based on the results of the above control experi-
ments as well as the previous reports,[19b,20] we postu-
lated a plausible mechanistic pathways for this PhIO/
Et3N ·3HF-mediated tandem oxidation reaction, de-
scribed in Scheme 6. Initially, the reaction between
PhIO and Et3N ·3HF gave PhIF2 species, which reacts

with the enamine substrate 1 to give the a-iodo imine
B. The reductive removal of PhI from B affords
fluorinated imine C, which tautomerizes into its
enamine isomer D. Further reaction of D with the
second molecule of PhIF2 provides intermediate E,
which undergoes intramolecular azirination to give
the title compound 2.[27]

In conclusion, we have developed an approach to
the construction of the fluorinated 2H-azirines
through the reaction between the a-unsubstituted
enamines and PhIF2 which was generated in situ from
PhIO and Et3N ·HF in DCE. The process features a
domino reaction of a metal-free intermolecular oxida-
tive C�F bond formation and a subsequent intra-
molecular oxidative azirination. The significance of
the method is tied together with the unique features
of the products formed, in that they possess not only
the biologically important 2H-azirine skeleton but
also the biologically interesting fluorine atom.

Acknowledgments
We acknowledge the National Science Foundation of China
(#21472136) and Tianjin Research Program of Application
Foundation and Advanced Technology (#15JCZDJC32900)
for financial support.

References

[1] D. O�Hagan, H. Deng, Chem. Rev. 2015, 115, 634.
[2] a) K. Muller, C. Faeh, F. Diederich, Science 2007, 317,

1881; b) R. Berger, G. Resnati, P. Metrangolo, J. Hull-
iger, Chem. Soc. Rev. 2011, 40, 3496; c) C. Isanbor, D.
O�Hagan, J. Fluorine Chem. 2006, 127, 303; d) S. Purser,
P. R. Moore, S. Swallow, V. Gouverneur, Chem. Soc.
Rev. 2008, 37, 320; e) P. Jeschke, ChemBioChem 2004, 5,
570.

[3] A. M. Thayer, Chem. Eng. News 2006, 84, 15.
[4] a) T. W. Miller, E. W. Tristram, F. J. Wolf, J. Antibiot.

1971, 24, 48–50; b) E. O. Stapley, D. Hendlin, M.
Jackson, A. K. Miller, S. Hernandez, J. M. Mata, J.
Antibiot. 1971, 24, 42; c) T. F. Molinski, C. M. Ireland, J.

Scheme 4. Conversion of fluoronated 2H-azirine 2 q to iso-
xazole 3 via FeCl2-mediated intramolecular ring expansion.

Scheme 5. Control experiments to probe on the reaction
mechanism.

Scheme 6. Proposed mechanistic pathway.

COMMUNICATIONS asc.wiley-vch.de

Adv. Synth. Catal. 2018, 360, 1 –7 4 � 2018 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

These are not the final page numbers! ��

http://asc.wiley-vch.de


1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

Org. Chem. 1988, 53, 2103; d) C. E. Salomo�n, D. H.
Williams, D. J. Faulkner, J. Nat. Prod. 1995, 58, 1463;
e) C. K. Skepper, T. F. Molinski, J. Org. Chem. 2008, 73,
2592; f) A. Padwa, Adv. Heterocycl. Chem. 2010, 99, 1–
31; g) A. Lemos, Molecules 2009, 14, 4098–4119; h) A.
Padwa in Comprehensive Heterocyclic Chemistry III, A.
Ramsden, E. F. V. Scriven, R. J. K. Taylor, Eds., Elsev-
ier, Oxford, 2008, Chap. 1, pp. 1–104; i) T. M. V. D.
Pinho e Melo, A. M. d�A. Rocha Gonsalves, Curr. Org.
Synth. 2004, 1, 275–292; j) F. Palacios, A. M. Ochoa
de Retana, E. M. de Marigorta, J. M. de los Santo, Org.
Prep. Proced. Int. 2002, 34, 219–269; k) F. Palacios,
A. M. Ochoa de Retana, E. M. de Marigorta, J. M. de
los Santos, Eur. J. Org. Chem. 2001, 2401–2414; l) B.
Zwanenburg, P. ten Holte, Top. Curr. Chem. 2001, 216
93–124; m) W. H. Pearson, B. W. Lian, S. C. Bergmeier
in Comprehensive Heterocyclic Chemistry II, A. R.
Katritzky, C. W. Rees, E. F. V. Scriven, Eds., Elsevier,
Oxford, 1996, Vol. 1 A, pp 1; n) V. Nair in Small Ring
Heterocycles-Part 1, Aziridines, Azirines, Thiiranes,
Thiirenes, A. Hassner, Ed., Wiley, New York, 1983, pp.
215–332; o) H. Pellissier in Asymmetric Synthesis of
Three-Membered Rings, eds. H. pellissier, A. Lattanzi,
R. Dalpozzo, Wiley, Weinheim, 2017, Chap 5, p 559.

[5] For selected examples of ring expansions of 2H-azirines,
see: a) X. Duan, K. Yang, J. Lu, X. Kong, N. Liu, J. Ma,
Org. Lett. 2017, 19, 3370; b) H.-D. Xu, H. Zhou, Y.-P.
Pan, X.-T. Ren, H. Wu, M. Han, R.-Z. Han, M.-H.
Shen, Angew. Chem. Int. Ed. 2016, 55, 2540; c) A.
Prechter, G. Henrion, P. F. dit Bel, F. Gagosz, Angew.
Chem. Int. Ed. 2014, 53, 4959; d) Y. Zheng, C. Yang, D.
Zhang-Negrerie, Y. Du, K. Zhao, Tetrahedron Lett.
2013, 54, 6157; e) D. F. Taber, W. Tian, J. Am. Chem.
Soc., 2006, 128, 1058.

[6] a) P. W. Neber, A. V. Friedsheim, Liebigs Ann. Chem.
1926, 449, 109–134; b) P. W. Neber, G. Huh, Justus
Liebigs Ann. Chem. 1935, 283–296; c) P. W. Neber, A.
Burgard, Justus Liebigs Ann. Chem. 1932, 281; d) J. L.
LaMattina, J. Heterocycl. Chem. 1983, 20, 533; e) D. J.
Cram, M. J. Hatch, J. Am. Chem. Soc. 1953, 75, 33; f) S.
Eguchi, Y. Ishii, Bull. Chem. Soc. Jpn. 1963, 36, 1434;
g) R. Chaabouni, A. Laurent, Synthesis 1975, 464; h) S.
Sato, Bull. Chem. Soc. Jpn. 1968, 41, 1440.

[7] a) V. C. O. Njar, J. Duerkop, R. W. Hartmann, Steroids
1996, 61, 138; b) A. Hassner, V. Alexanian, J. Org.
Chem. 1979, 44, 3861; c) G. Smolinsky, J. Org. Chem.
1962, 27, 3557; d) G. Smolinsky, J. Am. Chem. Soc. 1961,
83, 4483; e) D. Brown, G. A. Brown, M. Andrews, J. M.
Large, D. Urban, C. P. Butts, N. J. Hales, T. Gallagher, J.
Chem. Soc. Perkin Trans. 1 2002, 2014; f) A. Hassner,
F. W. Fowler, J. Org. Chem. 1968, 33, 2686;
g) T. M. V. D. Pinhoe e Melo, C. S. J. Lopes, A. L. Car-
doso, M. d�A. Rocha Gonsalves, Tetrahedron 2001, 57,
6203; h) A. G. Hortmann, D. A. Robertson, B. K. Gil-
lard, J. Org. Chem. 1972, 37, 322.

[8] a) F. A. Davis, H. Liu, C.-H. Liang, G. V. Reddy, Y.
Zhang, T. Fang, D. D. Titus, J. Org. Chem. 1999, 64,
8929; b) F. A. Davis, C. H. Liang, H. Liu, J. Org. Chem.
1997, 62, 3796; c) F. A. Davis, G. V. Reddy, H. Liu, J.
Am. Chem. Soc. 1995, 117, 3651; d) J. Legters, L. Thijs,
B. Zwanenburg, Recl. Trav. Chim. 1992, 111, 75; e) L.

Gentilucci, Y. Grijzen, L. Thijs, B. Zwanenburg, Tetra-
hedron Lett. 1995, 36, 4665.

[9] a) N. V. Rostovskii, A. V. Agafonova, I. A. Smetanin,
M. S. Novikov, A. F. Khlebnikov, J. O. Ruvinskaya,
G. L. Starova, Synthesis 2017, 28, 4478; b) E. E. Galen-
ko, V. A. Bodunov, A. V. Galenko, M. S. Novikov, A. F.
Khlebnikov, J. Org. Chem. 2017, 82, 8568; c) S. Auric-
chio, A. Bini, E. Pastormerlo, A. M. Truscello, Tetrahe-
dron 1997, 53, 10911.

[10] a) R. R. Sauers, L. M. Hadel, A. A. Scimone, T. A.
Stevenson, J. Org. Chem. 1990, 55, 4011; b) B. H.
Lipshutz, D. C. Reuter, Tetrahedron Lett. 1988, 29,
6067; c) C. Wentrup, S. Fisher, H. M. Berstermann, M.
Kuzaj, H. L�erssen, K. Burger, Angew. Chem. Int. Ed.
1986, 25, 85.

[11] a) G. Alcaraz, U. Wecker, A. Baceiredo, F. Dahan, G.
Bertrand, Angew. Chem. Int. Ed. 1995, 34, 1246; b) J. P.
Moerdyk, C. W. Bielawski, J. Am. Chem. Soc. 2012, 134,
6116.

[12] D. J. Andersson, T. L. Gilchrist, G. E. Gymer, C. W.
Rees, J. Chem. Soc. Perkin Trans. 1 1973, 550.

[13] X. Li, Y. Du, Z. Liang, X. Li, Y. Pan, K. Zhao, Org.
Lett. 2009, 11, 2643.

[14] For previous examples describing the synthesis of
perfluorinated 2H-azirine compounds, see: a) R. E.
Banks, M. J. McGlinchey, J. Chem. Soc. C 1970, 2172;
b) R. E. Banks, G. J. Moore, J. Chem. Soc. C 1966, 2304.

[15] For selected reviews on hypervalent iodine reagents,
see: a) V. V. Zhdankin, P. J. Stang, Chem. Rev. 2002,
102, 2523; b) P. J. Stang, J. Org. Chem. 2003, 68, 2997;
c) H. Tohma, Y. Kita, Adv. Synth. Catal. 2004, 346, 111;
d) T. Wirth, Angew. Chem. Int. Ed. 2005, 44, 3656;
Angew. Chem. 2005, 117, 3722; e) R. M. Moriarty, J.
Org. Chem. 2005, 70, 2893; f) R. D. Richardson, T.
Wirth, Angew. Chem. Int. Ed. 2006, 45, 4402; Angew.
Chem. 2006, 118, 4510; g) V. V. Zhdankin, P. J. Stang,
Chem. Rev. 2008, 108, 5299; h) J. P. Brand, D. F.
Gonzalez, S. Nicolai, J. Waser, Chem. Commun. 2011,
47, 102; i) S. Quideau, T. Wirth, Tetrahedron 2010, 66,
5737.

[16] a) A. Yoshimura, V. V. Zhdankin, Chem. Rev. 2016, 116,
3328; b) N. Yoneda, J. Fluorine Chem. 2004, 125, 7.

[17] a) S. Hara, M. Sekiguchi, A. Ohmori, T. Fukuhara, N.
Yoneda, Chem. Commun. 1996, 1899; b) M. Yoshida, K.
Fujikawa, S. Sato, S. Hara, Arkivoc 2003, 36.

[18] a) S. M. Banik, J. W. Medley, E. N. Jacobsen, J. Am.
Chem. Soc. 2016, 138, 5000; b) S. V. Kohlhepp, T.
Gulder, Chem. Soc. Rev. 2016, 45,6270.

[19] a) P. A. Champagne, J. Desroches, J.-D. Hamel, M.
Vandamme, J.-F. Paquin, Chem. Rev. 2015, 115, 9073;
b) T. Kitamura, K. Muta, J. Org. Chem. 2014, 79, 5842.

[20] X. Sun, Y. Lyu, D. Zhang-Negrerie, Y. Du, K. Zhao,
Org. Lett. 2013, 15, 6222.

[21] CCDC 1815122 (2 d) contains the supplementary crys-
tallographic data for this paper. These data can be
obtained free of charge from The Cambridge Crystallo-
graphic Data Centre via www.ccdc.cam.ac.uk/data_re-
quest/cif. Formula: C10H7Cl1 F1N1O2, unit cell parame-
ters: a=4.1467(12) b=10.253(4) c=12.251(4) P-1.

[22] Y. Yamaguchi, I. Katsuyama, K. Funabiki, M. Matsui,
K. Shibata, J. Heterocycl. Chem. 1998, 35, 805.

COMMUNICATIONS asc.wiley-vch.de

Adv. Synth. Catal. 2018, 360, 1 –7 5 � 2018 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

These are not the final page numbers! ��

http://asc.wiley-vch.de


1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

[23] A. Ferraro, L. Bernardi, M. Fochi, Adv. Synth. Catal.
2016, 358, 1561.

[24] W. Peng, J. M. Shreeve, J. Org. Chem. 2005, 70, 5760.
[25] a) X. Zhang, D. Zhang-Negrerie, J. Deng, Y. F. Du, K.

Zhao, J. Org. Chem. 2013, 78, 12750; b) H.-J. Zheng, W.-
B. Chen, Z.-J. Wu, J.-G. Deng, W.-Q. Lin, W.-C. Yuan,
X.-M. Zhang, Chemistry 2008, 14, 9864.

[26] L. Gentilucci, Y. Grijzen, L. Thijs, B. Zwanenburg,
Tetrahedron Lett. 1995, 36, 4665.

[27] It can not be ruled out that intermediate E also
undergoes reductive elimination to give a a,a-difluori-
nated imine intermediate, which undergoes intramolec-
ular SN2 reaction to give the fluorinated 2H-azirine
product 2.

COMMUNICATIONS asc.wiley-vch.de

Adv. Synth. Catal. 2018, 360, 1 –7 6 � 2018 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

These are not the final page numbers! ��

http://asc.wiley-vch.de


1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

COMMUNICATIONS

PhIO/Et3N· 3HF-Mediated Formation of Fluorinated
2H-Azirines via Domino Fluorination/Azirination
Reaction of Enamines

Adv. Synth. Catal. 2018, 360, 1– 7

Y. Zhang, X. Zhao, C. Zhuang, S. Wang, D. Zhang-
Negrerie, Y. Du*


