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Abstract: To expand upon the recent pioneering reports
of catalyzed sp3 C�H fluorination methods, the next ra-
tional step is to focus on directing “radical-based fluorina-
tion” more effectively. One potential solution entails selec-
tive C�C bond activation as a prelude to selective fluorina-
tion. Herein, we report the tandem photocatalyzed ring-
opening/fluorination reactions of cyclopropanols by
1,2,4,5-tetracyanobenzene (TCB) and Selectfluor to afford
a process tantamount to site-selective b-fluorination of
carbonyl-containing compounds. This new approach pro-
vides a synthetically mild and operationally simple route
to otherwise difficult-to-prepare b-fluorinated products in
good yields and with good-to-excellent regioselectivity.
Remarkably, substrates that contain other usually reactive
(e.g. , benzylic) sites undergo ring-opening fluorination
preferably. The versatility of this method to give cyclic b-
fluorides from tertiary cyclopropanols and g-fluoro alco-
hols is also highlighted.

Over the last two years, great strides have been made in the
development of direct sp3 C�H monofluorination methods.
However, the methods we[1] and others[2] have reported are
often limited to the derivatization of highly symmetric com-
pounds, such as cycloalkanes, or those containing one activat-
ed site (e.g. , benzylic). In substrates that contain many distinct
carbon atoms, the problem of “scattershot” fluorination often
arises, leading to undesirable mixtures of products. Expanding
upon these pioneering initial discoveries, the most logical next
step is to focus on directing sp3 C�F bond formation more ef-
fectively, which will allow new and desirable passageways to
complex, selectively fluorinated molecules.

Conceptually, two potential routes for a site-selective fluori-
nation event may involve: 1) employing a directing group for
C�H activation; or 2) exploring selective C�C activation. In the
latter scenario, the use of C�C activation as a means to guide
sp3 fluorination is, to our knowledge, uncharted territory.[3] To
examine this possibility, we envisioned that the one-electron
oxidation of highly strained cyclopropanes may serve as an ex-

cellent mode for directing fluorination, as long as selective for-
mation of the radical cation that prompts C�C bond scission
can be achieved. Furthermore, expanding on new advance-
ments in the field, we gathered that photochemistry could
play a pivotal role in the development of this tandem ring-
opening/fluorination reaction. Accordingly, herein, we report
a site-selective photochemical approach to synthesizing a varie-
ty of b-fluorinated carbonyl-containing compounds from cyclo-
propanols (Scheme 1).

Our laboratory recently unveiled a photocatalyzed proce-
dure for the monofluorination of aliphatic[ 1d] and benzylic[ 1g]

substrates by using the inexpensive photosensitizer 1,2,4,5-tet-
racyanobenzene (TCB) along with Selectfluor as a source of
atomic fluorine.[4] This work was accompanied by a number of
alternative sp3 C�H fluorination methods by using photosensi-
tizers, such as fluorenone,[ 2d] acetophenone,[ 2f] anthraquino-
ne,[ 2h] and decatungstate ions.[ 2k] Preliminary mechanistic ex-
periments on our benzylic substrates suggest that the reaction
proceeds through the formation of a radical-cation intermedi-
ate that is rapidly (if not simultaneously) deprotonated to the
corresponding benzylic radical (subsequently fluorinated by
Selectfluor).[ 1g] With this in mind, we deduced that a similar
photochemical system may be amendable to substituted cy-
clopropanol-based starting materials, because: 1) these com-
pounds are known to form radical cations under mild irradia-
tion in the presence of photooxidants due to their high-lying
HOMOs[5] (release of strain energy being the thermodynamic
driving force) ; and 2) the ring opening of radicals generated
from cyclopropanols followed by halogen-atom transfer is
a well-documented process to access b-halo ketones (or
enones).[6] In the calculated structure of the representative radi-
cal cation shown in Figure 1, elongation (to 2.02 �) of the

Scheme 1. Site-selective b-fluorination of cyclopropanols.
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weakest C�C bond between the C(Me)(OH) and C(H)(Me) frag-
ments is observed. Thus, proton loss should regioselectively
afford b-carbonyl radicals that can be subsequently fluorinated.
Additionally, cyclopropanols represent attractive substrates for
fluorination, because they are readily accessible (e.g. , through
the Simmons–Smith[7] and Kulinkovich[8] reactions) and are suit-
ably reactive, a feature borne of their high-strain energy.

Beyond proof-of-concept, note that the target b-fluorinated
carbonyl-containing compounds are synthetically and medici-
nally useful. For example, the incorporation of a single fluorine
atom at the b-position has been shown to influence the con-
formational integrity of cyclic amines and amides,[9] prevent
mitochondrial b-oxidation of fatty acids,[10] and serve as an ade-
quate positron emission tomography (PET) probe for elucidat-
ing a number of biosynthetic and metabolic pathways.[11] Con-
sequently, a number of methods have emerged pertaining to
the targeted synthesis of b-
fluorinated carbonyl com-
pounds.[1c,f,g, 12, 13] It stands to
reason that the development
of an alternative, photocata-
lytic route to b-fluorides from
cyclopropanols would be
highly desirable, providing
a much needed tool in the
armamentarium of the me-
dicinal chemist.

To begin our studies, we
selected 2-cyclohexyl-1-meth-
ylcyclopropanol for screening
purposes. Gratifyingly, UV ir-
radiation (l= 302 nm) with
catalytic TCB (10 mol %) and
Selectfluor (2.2 equiv) at
room temperature gave the
b-fluoride 1, derived from
preferential scission of the
most substituted C�C bond,
in 54 % yield. Note that in
the absence of TCB, no fluori-
nated products were ob-
served. In addition, heating
of 2-cyclohexyl-1-methylcy-
clopropanol and Selectfluor
in MeCN gave an approxi-
mately 1:1 mixture of a- and

b-fluorinated ketones and other fluorinated products; evident-
ly, selective b-fluorination is only achievable under photocata-
lytic conditions. Moreover, other N�F reagents were also exam-
ined and found to give lower yields. With these findings in
mind, we decided to examine a variety of cyclopropanols de-
rived from vinyl and allyl cycloalkanes, as well as aryl com-
pounds. In each instance, b-fluorinated products were ob-
tained in good to moderate yields and with excellent regiose-
lectivity (Table 1).

Remarkably, the reaction is highly selective toward C�C
bond cleavage/fluorination over direct sp3 C�H fluorination,
despite the previous application of a similar system to aliphatic
fluorination.[1d] Compounds 1–4 contain multiple potential flu-
orination sites on the cyclopentane, cyclohexane, and cyclooc-
tane rings, but only trace ring fluorination products were ob-
served in the 19F NMR spectra of the crude products, avoiding
the aforementioned issue of scattershot fluorination. Addition-
ally, the selective formation of b-fluorinated compounds 5–7
reflects the tendency of cyclopropanols to direct the fluorina-
tion event. Benzylic starting compounds of 6 and 7 offer
a much tougher test than 5, but even in the presence of
a more activated benzylic site, C�C bond cleavage is still fa-
vored, providing b-fluorinated products in upwards of 72 %
yield, although trace amounts of putative benzylic products
are observed in some cases.

Upon isolation, we observed a propensity for some of the
molecules to undergo elimination to form enones when chro-

Figure 1. Calculated structure of trans-1,2-dimethylcyclopropanol radical
cation (wB97xD/cc-pVTZ, MeCN dielectric).

Table 1. Survey of b-fluoroketones and g-fluoroalcohols.

All reactions were performed under an inert atmosphere of N2 and irradiated with either a UV pen lamp (l =

302 nm) or Rayonet reactor (l = 300 nm) for 16 h. [a] Isolated as the major fluorinated product with minor fluorinat-
ed isomers. [b] Crude reaction mixture redissolved in THF and stirred with LiAlH4 (5.0 equiv) for 2 min. Isolated as
a mixture of diastereomers. [c] Substrate for which xanthone was used as the photocatalyst.
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matographed on silica or alumi-
na under neutral, acidic, or basic
conditions. It is important to
note that elimination can be
minimized by using flash chro-
matography on acidic florisil,
which allowed us to isolate most
b-fluorinated products with typi-
cally �5 % eliminated by-prod-
ucts. In particularly sensitive
cases, we found that a reductive
workup by using LiAlH4 allows
effective isolation of the corre-
sponding g-fluoro alcohols after
purification by chromatography
on silica gel in approximately 1:1
diastereomeric ratio (8–11).

To probe the selectivity of the reaction in situations when in-
discriminate fluorination could be especially problematic, we
turned our attention to cyclopropanols possessing linear ali-
phatic side chains. These compounds could conceivably serve
as precursors to b-fluorinated fatty acids, proteo-counterparts
of which are frequently metabolized by oxidative cleavage of
a b-C�H bond.[14] The selective inclusion of a single fluorine
atom at the b-position could therefore prove particularly
useful in deterring this pathway.[15] Furthermore, monofluori-
nated lipids have found considerable use as probes for study-
ing the interaction between drugs or peptides and lipid mem-
branes.[16] Toward this effort, we found that 10-, 14-, and 20-
carbon b-fluorinated ketones 11–13 could be prepared from
the respective cyclopropanols.
Polyfluorination and direct ali-
phatic fluorination were not
competitive with b-fluorination,
because compounds 11–13 were
isolated in 65–85 % yield.

In another example, ring
opening/fluorination of a non-
natural steroid, a methyl-litho-
cholate derivative,[17] was found
to give the primary fluoride 14
in 28 % yield. As was expected,
yields for primary b-fluorides
were often lower than secon-
dary, a possible result of the di-
minished stability of primary rad-
icals compared to secondary, but they are still accessible by
this method. In an effort to improve these results, we found
that replacement of TCB by xanthone as the active photocata-
lyst provided moderate increases in yields. Terminal alkyl fluo-
rides have been shown to be effective reagents for inexpensive
nickel or copper-catalyzed cross-coupling reactions,[18] but
direct syntheses through sp3 C�C or C�H activation are ex-
tremely limited due to preparative difficulty.

At this point, we considered alternative applications for this
method. We explored the use of a tertiary cyclopropanol that
could undergo oxidative ring opening/fluorination to give

a ring-expanded b-fluoride. For a representative example, we
selected cyclopropanol 15, because tandem ring expansion/flu-
orination should give b-fluorocycloheptanone. Cycloheptanone
cores are present in pharmaceuticals, such as bencyclane,
a spasmolytic agent and vasodilator, as well as a vital constitu-
ent in many fragrances and polymers (Scheme 2).[19] In this in-
stance, photochemical fluorination proceeded smoothly to
give b-fluorocycloheptanone 16 in 52 % yield, as was deter-
mined by 19F NMR analysis (regioselectivity 38:1). This product
was isolated more effectively after purification by chromatog-
raphy on silica gel as the corresponding g-fluoro alcohol.

Finally, a general mechanistic proposal for the reaction is
shown in Scheme 3. Photoexcitation of TCB is known to yield

a powerful oxidant that, in this instance, putatively abstracts
an electron from the substrate.[20] The resultant cyclopropanol
radical cation prompts C�C bond elongation while relieving
ring strain (Figure 1); this is accompanied by proton loss to se-
lectively afford a b-carbonyl radical. As was expected, Select-
fluor can then act as an atomic source of fluorine to directly
fluorinate the radical.[1e, 4] Lastly, the Selectfluor radical cation
retrieves the electron from the TCB radical anion, as well as
the excess proton from the reaction medium, thus generating
an ammonium salt by-product and regenerating the TCB cata-
lyst.

Scheme 2. Tandem ring expansion/b-fluorination to access cycloheptanone or cycloheptanol core.

Scheme 3. Proposed mechanism for photocatalyzed site-selective b-fluorination.
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In conclusion, a photocatalyzed protocol for the selective
ring-opening/b-fluorination reactions of cyclopropanols is re-
ported. This system is synthetically mild, operationally simple,
and can be employed to afford a number of electronically and
sterically diverse b-fluorinated carbonyl-containing compounds
and g-fluorinated alcohols. Furthermore, various fluorinated
products with medicinal and agrochemical values can be pre-
pared by employing this method. Continued work will seek to
elucidate the precise mechanism of the photochemical fluori-
nation system along with the application of this method to
the synthesis of complex fluorinated molecules.

Acknowledgements

T.L. thanks the NSF (CHE 1152996) for support.

Keywords: C�C activation · cyclopropanols · fluorination ·
photochemistry · radical ions

[1] a) S. Bloom, C. R. Pitts, D. Miller, N. Haselton, M. G. Holl, E. Urheim, T.
Lectka, Angew. Chem. Int. Ed. 2012, 51, 10580 – 10583; Angew. Chem.
2012, 124, 10732 – 10735; b) S. Bloom, C. R. Pitts, R. Woltornist, A. Gris-
wold, M. G. Holl, T. Lectka, Org. Lett. 2013, 15, 1722 – 1724; c) S. Bloom,
S. A. Sharber, M. G. Holl, J. L. Knippel, T. Lectka, J. Org. Chem. 2013, 78,
11082 – 11086; d) S. Bloom, J. L. Knippel, T. Lectka, Chem. Sci. 2014, 5,
1175 – 1178; e) C. R. Pitts, S. Bloom, R. Woltornist, D. J. Auvenshine, L. R.
Ryzhkov, M. A. Siegler, T. Lectka, J. Am. Chem. Soc. 2014, 136, 9780 –
9791; f) C. R. Pitts, B. Ling, R. Woltornist, R. Liu, T. Lectka, J. Org. Chem.
2014, 79, 8895 – 8899; g) S. Bloom, M. McCann, T. Lectka, Org. Lett.
2014, 16, 6338 – 6341.

[2] a) W. Liu, X. Huang, M. Cheng, R. J. Nielson, W. A. Goddard III, J. T.
Groves, Science 2012, 337, 1322; b) W. Liu, J. T. Groves, Angew. Chem.
Int. Ed. 2013, 52, 6024 – 6027; Angew. Chem. 2013, 125, 6140 – 6143; c) Y.
Amaoka, M. Nagamoto, M. Inoue, Org Lett. 2013, 15, 2160 – 2163; d) J.-
B. Xia, C. Zhu, C. Chen, J. Am. Chem. Soc. 2013, 135, 17494 – 17500;
e) M.-G. Braun, A. Doyle, J. Am. Chem. Soc. 2013, 135, 12990 – 12993;
f) J.-B. Xia, C. Zhu, C. Chen, Chem. Commun. 2014, 50, 11701 – 11704;
g) J.-B. Xia, Y. Ma, C. Chen, Org. Chem. Front. 2014, 1, 468 – 472; h) C. W.
Kee, K. F. Chin, M. W. Wong, C.-H. Tan, Chem. Commun. 2014, 50, 8211 –
8214; i) M. Rueda-Becerril, O. Mahe, M. Drouin, M. B. Majewski, J. G.
West, M. O. Wolf, G. M. Sammis, J.-F. Paquin, J. Am. Chem. Soc. 2014,
136, 2637 – 2641; j) D. Cantillo, O. de Frutos, J. A. Rincon, C. Mateos,
O. C. Kappe, J. Org. Chem. 2014, 79, 8486 – 8490; k) S. D. Halperin, H.
Fan, S. Chang, R. E. Martin, R. Britton, Angew. Chem. Int. Ed. 2014, 53,
4690 – 4693.

[3] For recent reviews on C-C activation, see: a) I. Marek, A. Masarwa, P.-O.
Delaye, M. Leibeling, Angew. Chem. Int. Ed. 2015, 54, 414 – 429; Angew.
Chem. 2015, 127, 424 – 439; b) M. A. Drahl, M. Manpadi, L. J. Williams,
Angew. Chem. Int. Ed. 2013, 52, 11222 – 11251; Angew. Chem. 2013, 125,
11430 – 11461; c) T. F. Schneider, J. Kaschel, D. B. Werz, Angew. Chem. Int.
Ed. 2014, 53, 5504 – 5523; Angew. Chem. 2014, 126, 5608 – 5628.

[4] For an initial report on the use of N�F reagents as sources of atomic
fluorine, see: M. Rueda-Becerril, C. C. Sazepin, J. C. T. Leung, T. Okbino-
glu, P. Kennepohl, J.-F. Paquin, G. M. Sammis, J. Am. Chem. Soc. 2012,
134, 4026 – 4029.

[5] a) T. E. Shubina, A. A. Fokin, WIREs Comput. Mol. Sci. 2011, 1, 661 – 679;
b) H. Rinderhagen, J. Mattay, R. Nussbaum, T. Bally, Chem. Eur. J. 2010,
16, 7121 – 7124; c) A. L. Cooksy, H. F. King, W. H. Richardson, J. Org.
Chem. 2003, 68, 9441 – 9462.

[6] For examples: a) Y. Ito, S. Fujii, T. Saegusa, J. Org. Chem. 1976, 41, 2073 –
2074; b) J. Sun, U. J. Lee, J. K. Cha, Tetrahedron Lett. 1997, 38, 5233 –
5236; c) S.-B. Park, J. K. Cha, Org. Lett. 2000, 2, 147 – 149; d) H. B. Lee,

M. J. Sung, S. C. Blackstock, J. K. Cha, J. Am. Chem. Soc. 2001, 123,
11322 – 11324; e) J. Jiao, L. X. Nguyen, D. R. Patterson, R. A. Flowers II,
Org. Lett. 2007, 9, 1323 – 1326.

[7] a) H. E. Simmons, T. L. Cairns, S. A. Vladuchick, C. M. Hoiness, Org. React.
1973, 20, 1; b) H. E. Simmons, R. D. Smith, J. Am. Chem. Soc. 1958, 80,
5323 – 5324.

[8] a) O. G. Kulinkovich, Chem. Rev. 2003, 103, 2597 – 2632; b) O. G. Kulinko-
vich, S. V. Sviridov, D. A. Vasilevski, Synthesis 1991, 234.

[9] a) N. H. Campbell, D. L. Smith, A. P. Reszka, S. Neidle, D. O’Hagan, Org.
Biomol. Chem. 2011, 9, 1328 – 1331; b) O. O. Fadeyi, C. W. Lindsley, Org.
Lett. 2009, 11, 943 – 946; c) S. Venkatraman, A. D. Lebsack, K. Alves, M. F.
Gardner, J. James, R. B. Lingham, S. Maniar, R. A. Mumford, Q. Si, N.
Stock, K. M. Treonze, B. Wang, J. Zunic, B. Munoz, Bioorg. Med. Chem.
Lett. 2009, 19, 5803 – 5806; d) L. A. Black, D. L. Nersesian, P. Sharma, Y.-Y.
Ku, Y. L. Bennani, K. C. Marsh, T. R. Miller, T. A. Esbenshade, A. A. Han-
cock, M. Cowart, Bioorg. Med. Chem. 2007, 17, 1443 – 1446.

[10] a) H.-J. Bçhm, D. Banner, S. Bendels, M. Kansy, B. Kuhn, K. M�ller, U.
Obst-Sander, M. Stahl, ChemBioChem 2004, 5, 637 – 643; b) W. Tang,
A. G. Borel, T. Fujimiya, F. S. Abbott, Chem. Res. Toxicol. 1995, 8, 671 –
682.

[11] a) M. M. Alauddin, Am. J. Nucl. Med. Mol. Imaging 2012, 2, 55 – 76; b) E. J.
Knust, C. Kupfernagel, G. J. Stockiln, Nucl. Med. 1979, 20, 1170 – 1173.

[12] a) K. Shokat, T. Uno, P. G. Schultz, J. Am. Chem. Soc. 1994, 116, 2261 –
2270; b) P. Ryberg, O. Matsson, J. Am. Chem. Soc. 2001, 123, 2712 –
2718; c) Z. Li, Z. Wang, L. Zhu, X. Tan, C. Li, J. Am. Chem. Soc. 2014, 136,
16439 – 16443; d) H. Wang, L.-N. Guo, X.-H. Duan, Chem. Commun. 2014,
50, 7382 – 7384.

[13] While this manuscript was under review, a similar access to b-fluoroke-
tones was published by using a silver-catalyzed ring-opening reaction:
H. Zhao, X. Fan, J. Yu, C. Zhu J. Am. Chem. Soc. 2015, 137, 3490 – 3493.

[14] a) L. Zhang, W. Keung, V. Samokvalov, W. Wang, G. D. Lopaschuk, Bio-
chim. Biophys. Acta 2010, 1801, 1 – 22; b) E. Freneaux, B. Fromenty, A.
Berson, G. Labbe, C. Degott, P. Letteron, D. Larrey, D. Pessayre, J. Pharm.
Exp. Ther. 1990, 2, 529 – 535; c) W. Stoffel, A. Caesar, Hoppe-Seyler’s Z.
Physiol. Chem. 1965, 341, 76 – 83.

[15] a) L. Ojima, Fluorine in Medicinal Chemistry and Chemical Biology, Wiley-
Blackwell, Chichester, 2009 ; b) P. Liu, A. Sharon, C. K. Chu, J. Fluorine
Chem. 2008, 129, 743 – 766; c) H. J. Bçhm, D. Banner, S. Bendels, M.
Kansy, B. Khun, K. M�ller, U. Obst-Sander, M. Stahl, ChemBioChem 2004,
5, 637 – 643.

[16] a) M. P. Krafft, Adv. Drug Delivery Rev. 2001, 47, 209 – 228; b) D. J. Hirsh,
N. Lazaro, L. R. Wright, J. M. Boggs, T. J. Mclntosh, J. Schaefer, J. Blazyk,
Biophys. J. 1998, 75, 1858 – 1868; c) J. F. M. Post, E. E. J. De Ruiter, H. J. C.
Brendsen, FEBS Lett. 1981, 132, 257 – 260.

[17] A. Enhsen, W. Kramer, G. Wess, Drug. Disc. Today 1998, 3, 409 – 418.
[18] a) J. Terao, H. Watabe, N. Kambe, J. Am. Chem. Soc. 2005, 127, 3656 –

3657; b) J. Terao, A. Ikumi, H. Kuniyasu, N. Kambe, J. Am. Chem. Soc.
2003, 125, 5646 – 564.

[19] a) H. Yokoe, C. Mitsuhashi, Y. Matsuoka, T. Yoshimura, M. Yoshida, K.
Shishido, J. Am. Chem. Soc. 2011, 133, 8854 – 8857; b) K. Bieron, E. Kostk-
Trabka, D. Starzyk, A. Goszcz, L. Grodzinska, R. Korbut, Acta Anglo. 2005,
3, 157 – 172; c) B. Cornils, P. Lappe, Ullmann’s Encyclopedia of Industrial
Chemistry, Wiley-VCH, Weinheim, 2005 ; d) T. Graening, H.-G. Schmalz,
Angew. Chem. Int. Ed. 2004, 43, 3230 – 3256; Angew. Chem. 2004, 116,
3292 – 3318; e) G. Kishore, K. Kishore, Polymer 1995, 36, 1903 – 1910.

[20] a) M. Christl, M. Braun, O. Deeg, Org. Biomol. Chem. 2013, 11, 2811 –
2817; b) S. Protti, M. Fagnoni, S. Monti, J. Rehault, O. Poizat, A. Albini,
RSC Adv. 2012, 2, 1897 – 1904; c) A. A. Fokin, P. A. Gunchenko, S. A. Pele-
shanko, P. von Ragu� Schleyer, P. R. Schreiner, Eur. J. Org. Chem. 1999,
855 – 860; d) M. Mella, M. Fagnoni, M. Freccero, E. Fasani, A. Albini,
Chem. Soc. Rev. 1998, 27, 81 – 89; e) M. Mella, M. Freccero, A. Albini, Tet-
rahedron 1996, 52, 5549 – 5562; f) M. Mella, M. Freccero, A. Albini, J.
Chem. Soc. Chem. Commun. 1995, 41 – 42.

Received: March 19, 2015

Published online on && &&, 0000

Chem. Eur. J. 2015, 21, 1 – 5 www.chemeurj.org � 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim4&&

�� These are not the final page numbers!

Communication

http://dx.doi.org/10.1002/anie.201203642
http://dx.doi.org/10.1002/anie.201203642
http://dx.doi.org/10.1002/anie.201203642
http://dx.doi.org/10.1002/ange.201203642
http://dx.doi.org/10.1002/ange.201203642
http://dx.doi.org/10.1002/ange.201203642
http://dx.doi.org/10.1002/ange.201203642
http://dx.doi.org/10.1021/ol400424s
http://dx.doi.org/10.1021/ol400424s
http://dx.doi.org/10.1021/ol400424s
http://dx.doi.org/10.1021/jo401796g
http://dx.doi.org/10.1021/jo401796g
http://dx.doi.org/10.1021/jo401796g
http://dx.doi.org/10.1021/jo401796g
http://dx.doi.org/10.1039/c3sc53261e
http://dx.doi.org/10.1039/c3sc53261e
http://dx.doi.org/10.1039/c3sc53261e
http://dx.doi.org/10.1039/c3sc53261e
http://dx.doi.org/10.1021/ja505136j
http://dx.doi.org/10.1021/ja505136j
http://dx.doi.org/10.1021/ja505136j
http://dx.doi.org/10.1021/jo501520e
http://dx.doi.org/10.1021/jo501520e
http://dx.doi.org/10.1021/jo501520e
http://dx.doi.org/10.1021/jo501520e
http://dx.doi.org/10.1021/ol503094m
http://dx.doi.org/10.1021/ol503094m
http://dx.doi.org/10.1021/ol503094m
http://dx.doi.org/10.1021/ol503094m
http://dx.doi.org/10.1126/science.1222327
http://dx.doi.org/10.1002/anie.201301097
http://dx.doi.org/10.1002/anie.201301097
http://dx.doi.org/10.1002/anie.201301097
http://dx.doi.org/10.1002/anie.201301097
http://dx.doi.org/10.1002/ange.201301097
http://dx.doi.org/10.1002/ange.201301097
http://dx.doi.org/10.1002/ange.201301097
http://dx.doi.org/10.1021/ol4006757
http://dx.doi.org/10.1021/ol4006757
http://dx.doi.org/10.1021/ol4006757
http://dx.doi.org/10.1021/ja410815u
http://dx.doi.org/10.1021/ja410815u
http://dx.doi.org/10.1021/ja410815u
http://dx.doi.org/10.1021/ja407223g
http://dx.doi.org/10.1021/ja407223g
http://dx.doi.org/10.1021/ja407223g
http://dx.doi.org/10.1039/C4CC05650G
http://dx.doi.org/10.1039/C4CC05650G
http://dx.doi.org/10.1039/C4CC05650G
http://dx.doi.org/10.1039/c4qo00057a
http://dx.doi.org/10.1039/c4qo00057a
http://dx.doi.org/10.1039/c4qo00057a
http://dx.doi.org/10.1039/C4CC01848F
http://dx.doi.org/10.1039/C4CC01848F
http://dx.doi.org/10.1039/C4CC01848F
http://dx.doi.org/10.1021/ja412083f
http://dx.doi.org/10.1021/ja412083f
http://dx.doi.org/10.1021/ja412083f
http://dx.doi.org/10.1021/ja412083f
http://dx.doi.org/10.1021/jo5016757
http://dx.doi.org/10.1021/jo5016757
http://dx.doi.org/10.1021/jo5016757
http://dx.doi.org/10.1002/anie.201400420
http://dx.doi.org/10.1002/anie.201400420
http://dx.doi.org/10.1002/anie.201400420
http://dx.doi.org/10.1002/anie.201400420
http://dx.doi.org/10.1002/ange.201405067
http://dx.doi.org/10.1002/ange.201405067
http://dx.doi.org/10.1002/ange.201405067
http://dx.doi.org/10.1002/ange.201405067
http://dx.doi.org/10.1002/anie.201209833
http://dx.doi.org/10.1002/anie.201209833
http://dx.doi.org/10.1002/anie.201209833
http://dx.doi.org/10.1002/ange.201209833
http://dx.doi.org/10.1002/ange.201209833
http://dx.doi.org/10.1002/ange.201209833
http://dx.doi.org/10.1002/ange.201209833
http://dx.doi.org/10.1002/anie.201309886
http://dx.doi.org/10.1002/anie.201309886
http://dx.doi.org/10.1002/anie.201309886
http://dx.doi.org/10.1002/anie.201309886
http://dx.doi.org/10.1002/ange.201309886
http://dx.doi.org/10.1002/ange.201309886
http://dx.doi.org/10.1002/ange.201309886
http://dx.doi.org/10.1021/ja211679v
http://dx.doi.org/10.1021/ja211679v
http://dx.doi.org/10.1021/ja211679v
http://dx.doi.org/10.1021/ja211679v
http://dx.doi.org/10.1002/chem.201000255
http://dx.doi.org/10.1002/chem.201000255
http://dx.doi.org/10.1002/chem.201000255
http://dx.doi.org/10.1002/chem.201000255
http://dx.doi.org/10.1021/jo035085b
http://dx.doi.org/10.1021/jo035085b
http://dx.doi.org/10.1021/jo035085b
http://dx.doi.org/10.1021/jo035085b
http://dx.doi.org/10.1021/jo00873a055
http://dx.doi.org/10.1021/jo00873a055
http://dx.doi.org/10.1021/jo00873a055
http://dx.doi.org/10.1021/ol991250r
http://dx.doi.org/10.1021/ol991250r
http://dx.doi.org/10.1021/ol991250r
http://dx.doi.org/10.1021/ja017043f
http://dx.doi.org/10.1021/ja017043f
http://dx.doi.org/10.1021/ja017043f
http://dx.doi.org/10.1021/ja017043f
http://dx.doi.org/10.1021/ol070159h
http://dx.doi.org/10.1021/ol070159h
http://dx.doi.org/10.1021/ol070159h
http://dx.doi.org/10.1021/ja01552a080
http://dx.doi.org/10.1021/ja01552a080
http://dx.doi.org/10.1021/ja01552a080
http://dx.doi.org/10.1021/ja01552a080
http://dx.doi.org/10.1021/cr010012i
http://dx.doi.org/10.1021/cr010012i
http://dx.doi.org/10.1021/cr010012i
http://dx.doi.org/10.1055/s-1991-26431
http://dx.doi.org/10.1039/c0ob00886a
http://dx.doi.org/10.1039/c0ob00886a
http://dx.doi.org/10.1039/c0ob00886a
http://dx.doi.org/10.1039/c0ob00886a
http://dx.doi.org/10.1021/ol802930q
http://dx.doi.org/10.1021/ol802930q
http://dx.doi.org/10.1021/ol802930q
http://dx.doi.org/10.1021/ol802930q
http://dx.doi.org/10.1016/j.bmcl.2009.07.111
http://dx.doi.org/10.1016/j.bmcl.2009.07.111
http://dx.doi.org/10.1016/j.bmcl.2009.07.111
http://dx.doi.org/10.1016/j.bmcl.2009.07.111
http://dx.doi.org/10.1016/j.bmcl.2006.11.073
http://dx.doi.org/10.1016/j.bmcl.2006.11.073
http://dx.doi.org/10.1016/j.bmcl.2006.11.073
http://dx.doi.org/10.1002/cbic.200301023
http://dx.doi.org/10.1002/cbic.200301023
http://dx.doi.org/10.1002/cbic.200301023
http://dx.doi.org/10.1021/tx00047a006
http://dx.doi.org/10.1021/tx00047a006
http://dx.doi.org/10.1021/tx00047a006
http://dx.doi.org/10.1021/ja00085a004
http://dx.doi.org/10.1021/ja00085a004
http://dx.doi.org/10.1021/ja00085a004
http://dx.doi.org/10.1021/ja002513b
http://dx.doi.org/10.1021/ja002513b
http://dx.doi.org/10.1021/ja002513b
http://dx.doi.org/10.1021/ja509548z
http://dx.doi.org/10.1021/ja509548z
http://dx.doi.org/10.1021/ja509548z
http://dx.doi.org/10.1021/ja509548z
http://dx.doi.org/10.1039/c4cc02800g
http://dx.doi.org/10.1039/c4cc02800g
http://dx.doi.org/10.1039/c4cc02800g
http://dx.doi.org/10.1039/c4cc02800g
http://dx.doi.org/10.1016/j.bbalip.2009.09.014
http://dx.doi.org/10.1016/j.bbalip.2009.09.014
http://dx.doi.org/10.1016/j.bbalip.2009.09.014
http://dx.doi.org/10.1016/j.bbalip.2009.09.014
http://dx.doi.org/10.1515/bchm2.1965.341.1.76
http://dx.doi.org/10.1515/bchm2.1965.341.1.76
http://dx.doi.org/10.1515/bchm2.1965.341.1.76
http://dx.doi.org/10.1515/bchm2.1965.341.1.76
http://dx.doi.org/10.1016/j.jfluchem.2008.06.007
http://dx.doi.org/10.1016/j.jfluchem.2008.06.007
http://dx.doi.org/10.1016/j.jfluchem.2008.06.007
http://dx.doi.org/10.1016/j.jfluchem.2008.06.007
http://dx.doi.org/10.1002/cbic.200301023
http://dx.doi.org/10.1002/cbic.200301023
http://dx.doi.org/10.1002/cbic.200301023
http://dx.doi.org/10.1002/cbic.200301023
http://dx.doi.org/10.1016/S0169-409X(01)00107-7
http://dx.doi.org/10.1016/S0169-409X(01)00107-7
http://dx.doi.org/10.1016/S0169-409X(01)00107-7
http://dx.doi.org/10.1016/S0006-3495(98)77626-X
http://dx.doi.org/10.1016/S0006-3495(98)77626-X
http://dx.doi.org/10.1016/S0006-3495(98)77626-X
http://dx.doi.org/10.1016/0014-5793(81)81173-8
http://dx.doi.org/10.1016/0014-5793(81)81173-8
http://dx.doi.org/10.1016/0014-5793(81)81173-8
http://dx.doi.org/10.1016/S1359-6446(96)10046-5
http://dx.doi.org/10.1016/S1359-6446(96)10046-5
http://dx.doi.org/10.1016/S1359-6446(96)10046-5
http://dx.doi.org/10.1021/ja042565r
http://dx.doi.org/10.1021/ja042565r
http://dx.doi.org/10.1021/ja042565r
http://dx.doi.org/10.1021/ja034201p
http://dx.doi.org/10.1021/ja034201p
http://dx.doi.org/10.1021/ja034201p
http://dx.doi.org/10.1021/ja034201p
http://dx.doi.org/10.1021/ja202874d
http://dx.doi.org/10.1021/ja202874d
http://dx.doi.org/10.1021/ja202874d
http://dx.doi.org/10.1002/anie.200300615
http://dx.doi.org/10.1002/anie.200300615
http://dx.doi.org/10.1002/anie.200300615
http://dx.doi.org/10.1002/ange.200300615
http://dx.doi.org/10.1002/ange.200300615
http://dx.doi.org/10.1002/ange.200300615
http://dx.doi.org/10.1002/ange.200300615
http://dx.doi.org/10.1039/c3ob27305a
http://dx.doi.org/10.1039/c3ob27305a
http://dx.doi.org/10.1039/c3ob27305a
http://dx.doi.org/10.1039/c2ra01054b
http://dx.doi.org/10.1039/c2ra01054b
http://dx.doi.org/10.1039/c2ra01054b
http://dx.doi.org/10.1002/(SICI)1099-0690(199904)1999:4%3C855::AID-EJOC855%3E3.0.CO;2-7
http://dx.doi.org/10.1002/(SICI)1099-0690(199904)1999:4%3C855::AID-EJOC855%3E3.0.CO;2-7
http://dx.doi.org/10.1002/(SICI)1099-0690(199904)1999:4%3C855::AID-EJOC855%3E3.0.CO;2-7
http://dx.doi.org/10.1002/(SICI)1099-0690(199904)1999:4%3C855::AID-EJOC855%3E3.0.CO;2-7
http://dx.doi.org/10.1039/a827081z
http://dx.doi.org/10.1039/a827081z
http://dx.doi.org/10.1039/a827081z
http://dx.doi.org/10.1016/0040-4020(96)00195-0
http://dx.doi.org/10.1016/0040-4020(96)00195-0
http://dx.doi.org/10.1016/0040-4020(96)00195-0
http://dx.doi.org/10.1016/0040-4020(96)00195-0
http://dx.doi.org/10.1039/c39950000041
http://dx.doi.org/10.1039/c39950000041
http://dx.doi.org/10.1039/c39950000041
http://dx.doi.org/10.1039/c39950000041
http://www.chemeurj.org


COMMUNICATION

& Synthetic Methods

S. Bloom, D. D. Bume, C. R. Pitts,
T. Lectka*

&& –&&

Site-Selective Approach to b-
Fluorination: Photocatalyzed Ring
Opening of Cyclopropanols

The tandem photocatalyzed ring-open-
ing/fluorination reactions of cyclopropa-
nols by 1,2,4,5-tetracyanobenzene (TCB)
and Selectfluor to afford a process tan-
tamount to site-selective b-fluorination
of carbonyl-containing compounds are
reported (see scheme).
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