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The physico-chemical and pharmacological properties of
organic molecules are often significantly modified by the in-
corporation of fluorine atoms.[1] The preparation of fluoro-
or trifluoromethyl-substituted aromatics and hetero-ACHTUNGTRENNUNGaromatics has become an active research field.[2] Recently, it
has been shown that the replacement of CF3 groups with
SF5 substituents may increase the biological activity of phar-
macologically active substances.[3] Also, due to its specific
physico-chemical properties[4] and to the increased availabil-
ity of SF5-substituted starting materials,[5] this fluorous group
is beginning to find many applications in material scien-
ces.[3,6] However, synthetic methods leading to SF5-substitut-
ed aryl and heteroaryl derivatives are rare.[3]

The SF5 group is sensitive to polar organometallic species
such as organolithiums, for example 1-bromo-4-
(pentafluoroACHTUNGTRENNUNGsulfanyl)benzene with n-butyllithium in THF at
�78 8C. In contrast, the reaction with tBuLi in diethyl ether
at �78 8C produced the desired lithium intermediate without
side reactions.[7] Additionally, halogen–lithium exchange re-
actions require low temperatures and are not compatible
with several important functional groups, such as ketones,
aldehydes, or esters. In contrast, the halogen–magnesium ex-
change has been found to be the method of choice for pre-
paring new functionalized organomagnesium reagents of
considerable synthetic utility.[8] Recently, we have developed
several preparations of aryl- and heteroarylzinc and -magne-
sium compounds displaying high functional group compati-
bility. These include a Br/Mg exchange using
iPrMgCl·LiCl,[8] and directed metalation of aromatics and
hetero ACHTUNGTRENNUNGaromatics using kinetically highly active bases such as
TMPMgCl·LiCl (TMP=2,2,6,6-tetramethylpiperidyl),[9]

TMP2Mg·2 LiCl,[10] TMPZnCl·LiCl,[9,11] and
TMP2Zn·2 MgCl2·2 LiCl.[12] Herein, we report a range of or-

ganometallic transformations that allow the preparation of
various SF5-substituted aromatics and heteroaromatics.

We initially investigated the Br/Mg exchange to prepare
SF5-substituted magnesium intermediates (Table 1). The
commercial SF5-substituted aryl bromide 1 furnished, after
treatment with iPrMgCl·LiCl (1.1 equiv), the arylmagnesium
halide 2 within 1 h at 0 8C in 80 % yield.[13] This magnesium
reagent 2 reacted with various electrophiles in good yields.
Thus, after a transmetalation with ZnCl2, a Pd-catalyzed
cross-coupling with 4-bromobenzonitrile (3 a) or 5-bromo-ACHTUNGTRENNUNGpicolinonitrile (3 b) (2 % PEPPSI-iPr[14]) furnished the func-
tionalized SF5-substituted biphenyls 4 a and 4 b in 83–79 %
yield (Table 1, entries 1 and 2). Remarkably, the Grignard
reagent 2 underwent Negishi cross-couplings[15] with aryl
bromides bearing unprotected anilines,[16] such as 4-bromo-ACHTUNGTRENNUNGaniline (3 c) or 3-amino-4-bromobenzoic acid ethyl ester
(3 d), providing the functionalized amines 4 c and 4 d in 71–
88 % yield (Table 1, entries 3 and 4). The acylation of the ACHTUNGTRENNUNGMg
reagent 2 with ethyl cyanoformate (3 e) yielded the SF5-sub-
stituted ester 4 e in 80 % yield (Table 1, entry 5). Addition of
2 to electron-poor aldehydes, such as 2,3-dichlorobenzalde-
hyde (3 f) as well as electron-rich aldehydes such as 4-me-
thoxybenzaldehyde (3 g) led to the SF5-functionalized alco-
hols 4 f and 4 g in 81–84 % yield (Table 1, entries 6 and 7).
After transmetalation with CuCN·2 LiCl (1.1 equiv),[17] sub-
stitution with benzoyl chloride (3 h) provided the ketone 4 h
in 84 % yield (Table 1, entry 8).

Also, the SF5 substituent showed a good compatibility in
the performance of directed metalations using
TMP2Mg·2 LiCl. Thus, the treatment of the SF5-substituted
benzoic acid ethyl ester 4 e with TMP2Mg·2LiCl led to the
functionalized arylmagnesium reagent 5 after 12 h at �40 8C
in approximately 82 % yield[13] (Table 2). After transmetala-
tion with ZnCl2 (1.1 equiv) the resulting zinc reagent under-
went a Negishi cross-coupling[15] with 1-iodo-4-methoxyben-
zene (3 i) or 4-iodobenzonitrile (3 j) in the presence of 2 %
[Pd ACHTUNGTRENNUNG(dba)2] (dba= dibenzylideneacetone) and 4 % tfp[18]

(tfp= tri-(2-furyl)phosphine) (25 8C, 12 h), providing the
SF5-substituted biphenyl derivatives 6 a and 6 b in 52–83 %
yield (Table 2, entries 1 and 2). A copper-catalyzed allyla-
tion (20 % CuCN·2 LiCl) with 3-bromocyclohexene (3 k)
provided the trisubstituted benzene 6 c in 70 % yield
(Table 2, entry 3). Furthermore, a CuI-mediated acylation
with benzoyl chloride (3 h) led to the corresponding keto-
ester 6 d in 87 % yield (Table 2, entry 4).
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Arylamines are an important class of pharmaceuticals,
due to their ability to undergo highly specific interactions
with proteins. Therefore, we
have also prepared SF5-substi-
tuted arylamines. Recently, we
have shown that the amination
of arylmagnesium reagents with
nitroarenes provides after re-
ductive workup polyfunctional
diarylamines.[9,19] This method
proved to be well suited for the
preparation of SF5-substituted

diarylamines. Br/Mg exchange on 1-iodo-4-methoxybenzene
or 4-iodobenzoic acid ethyl ester with iPrMgCl·LiCl[8] (THF,
�20 8C, 0.5 h) produced the corresponding functionalized
Mg reagents 7 a and b. These organometallics reacted
smoothly with 1-bromo-3-nitro-5-pentafluorosulfanylben-
zene (8), prepared[20] from 3-nitro-5-pentafluorosulfanylben-
zene. After reductive treatment with FeCl2/NaBH4, the SF5-
substituted diarylamines 9 a and 9 b were obtained in 66–
82 % yield (Scheme 1).

Heterocyclic building blocks are ubiquitous in medicinal
chemistry. Thus, we have prepared SF5-substituted indoles.
Starting from 2-bromo-5-(pentafluorosulfanyl)aniline[21]

(10), the synthesis of 6-pentafluorosulfanyl-1H-indole (11)
was achieved in two steps (Scheme 2). First, we performed
a Sonogashira cross-coupling[22] by treating 2-bromoaniline
10 with (trimethylsilyl)acetylene (1.5 equiv, 50 8C, 12 h), pro-

Table 1. Products of type 4 obtained by Br/Mg exchange with
iPrMgCl·LiCl followed by reaction with various electrophiles.

Entry Electrophile Product[a]

1 3a 4 a : 83%[b]

2 3b 4 b : 79%[b]

3 3c 4 c : 88%[c]

4 3d 4 d : 71%[c]

5 3e 4 e : 80%

6 3 f 4 f : 81%

7 3g 4 g : 84%

8 3h 4 h : 84%[d]

[a] Isolated yields of analytically pure product. [b] Cross-coupling condi-
tions: ZnCl2 (1.1 equiv) / 2 % PEPPSI-iPr. [c] Cross-coupling conditions:
ZnCl2 (1.1 equiv) / 2 % Pd ACHTUNGTRENNUNG(OAc)2, 4 % S-Phos, 23 8C, 12 h.
[d] CuCN·2 LiCl (1.1 equiv) was added.

Table 2. Products of type 6 obtained by directed metalation of the ethyl
benzoate 4e using TMP2Mg·2 LiCl followed by quenching with electro-
philes.

Entry Electrophile Product[a]

1 3 i 6a : 52%[b]

2 3j 6b : 83 %[b]

3 3k 6c : 70%[c]

4 3h 6d : 87 %[d]

[a] Isolated yields of analytically pure product. [b] Cross-coupling condi-
tions: ZnCl2 (1.1 equiv) / 2% [Pd ACHTUNGTRENNUNG(dba)2], 4% tfp, 23 8C, 12 h. [c] 20%
CuCN·2LiCl was added. [d] CuCN·2LiCl (1.1 equiv) was added.

Scheme 1. Synthesis of diarylamines 9a and 9 b using arylmagnesium halides 7a and 7b and the SF5-substituted
nitroarene 8.
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viding the SF5-substituted 2-
((trimethylsilyl)ethynyl)aniline
(11) in 89 % yield. A subse-
quent cyclization reaction was
performed by treatment with
KH (2.5 equiv) in N-methylpyr-
rolidone (NMP) (23 8C, 3 h) to
afford the indole 12 in 83 %
yield.[23] The indole 12 was
readily protected at nitrogen
with Boc2O leading to the N-
Boc indole 13 in 94 % yield
(Scheme 2).

Further functionalization of
the N-protected indole 13 could
be achieved by using
TMPMgCl·LiCl.[9] The selective
magnesiation of 13 at position 2
of the indole ring with
TMPMgCl·LiCl (1.1 equiv, 0 8C,
0.5 h), and subsequent trapping
with cyanoformic acid ethyl
ester (3 e, 1.1 equiv, �30 8C,
1 h), afforded the N-protected
ethyl 6-(pentafluorosulfanyl)-
1H-indole-2-carboxylate 14 in
93 % yield. Subsequent treat-
ment of the indole 14 with
TMPMgCl·LiCl (1.1 equiv, �40 8C, 2 h) led to a fast magne-
siation at position 3 (Scheme 3).

After the transmetalation with ZnCl2 (1.1 equiv), Negishi
cross-coupling reactions[15] (2 % PEPPSI-iPr,[14] 23 8C, 10 h)
with 4-iodo-2,6-dimethoxypyrimidine or 4-iodobenzonitrile
provided the corresponding indoles 15 a and 15 b in 62–75 %
yield. Alternatively, a transmetalation with CuCN·2 LiCl
(1.0 equiv) allows an efficient benzoylation (PhCOCl
(1.2 equiv), �40 8C, 12 h) affording smoothly the 2,3-disub-
stituted indole 15 c in 87 % yield (Scheme 3).

Besides indoles, benzo[b]thiophenes are of particular in-
terest, as they are potential drug candidates[24] and are also
widespread in materials chemistry.[25] Functionalized ben-
zo[b]thiophenes can be prepared by the intramolecular
copper-catalyzed carbomagnesiation of alkynyl-ACHTUNGTRENNUNG(aryl)thioethers.[26] Herein, we have applied this method to
the synthesis of SF5-substituted, functionalized benzo[b]thio-
phenes of type 16 (Scheme 4). The readily available SF5-sub-
stituted 1,2-bromoiodoarene 17[27] was converted to the cor-
responding organic disulfide 18 by a I/Mg-exchange reaction
(iPrMgCl·LiCl,[8] �80 8C, 10 min), subsequent transmetala-
tion with ZnCl2, and reaction with sulfur monochloride.[28]

The sulfonothioate 19 was obtained by treating the disulfide
18 with iodine and sodium benzenesulfinate.[29] This sulfono-
thioate reacted with trimethylsilylethynylmagnesium chlo-
ride providing the desired alkynyl ACHTUNGTRENNUNG(aryl)thioether 20 in 80 %
yield. Thus, the treatment of the thioether 20 with
iPrMgCl·LiCl (1.1 equiv, 23 8C, 1 h) provided the corre-
sponding magnesium reagent 20 a. In the presence of stoi-

Scheme 2. Synthesis of the SF5-substituted indole 12 and subsequent Boc-protection. Reagents and conditions:
a) Fe powder (6.0 equiv) HCl/EtOH 1:20, 23 8C, 1 h, 91%; b) NBS (1.0 equiv), dioxane, 23 8C, 8 h, 79%; c)
Boc2O (1.5 equiv), 7% DMAP, 23 8C, 1.5 h.

Scheme 3. Functionalization of position 2 and 3 of the N-protected indole 13 by using TMPMgCl·LiCl.

Scheme 4. Reaction sequence towards the SF5-substituted alkynyl-ACHTUNGTRENNUNG(aryl)thioether 20 and subsequent cyclization/allylation and acylation re-
action sequence. Reagents and conditions: a) iPrMgCl·LiCl (1.05 equiv),
THF, �80 8C, 10 min; b) ZnCl2 (1.1 equiv), �80 8C; 10 min; c) S2Cl2

(0.49 equiv), �80 8C, 10 min; d) PhSO2Na (3.2 equiv), I2 (2.0 equiv),
CH2Cl2, 23 8C, 48 h; e) ethynyltrimethylsilane (1.5 equiv), iPrMgCl·LiCl
(1.2 equiv), THF, �60 8C, 15 min; f) iPrMgCl·LiCl (1.1 equiv), THF,
23 8C, 1 h; g) CuCN·2 LiCl (1.1 equiv), 23 8C, 12 h; h) E+ (0.8 equiv),
23 8C, 12 h.
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chiometric amounts of CuCN·2 LiCl cyclization occurred at
23 8C within 12 h producing the copper reagent 20 b. A sub-
sequent allylation reaction with 2-(bromomethyl)acrylic acid
ethyl ester (0.8 equiv) afforded the polyfunctional benzo-
thiophene 16 a in 70 % yield. Similarly, the acylation with
furan-2-carbonyl chloride (0.8 equiv) provided the acylated
benzothiophene 16 b in 64 % yield.

In conclusion, we have prepared a range of polyfunctional
SF5-substituted aromatic and heterocyclic compounds using
zinc and magnesium intermediates. A library of SF5-substi-
tuted molecules should become available using these
organoACHTUNGTRENNUNGmetallic methodologies and should allow their use for
the discovery of new biologically active compounds.

Acknowledgements

The research leading to these results has received funding from the Euro-
pean Research Council under the European Community�s Seventh
Framework Programme (FP7/2007–2013) ERC grant agreement no.
227763. We thank Boehringer Ingelheim RCV GmbH & Co KG for the
generous gift of chemicals.

Keywords: C–C coupling reactions · fluorinated
substituents · heterocyclic compounds · metalation ·
organometallic compounds

[1] a) C. Isanbor, D. O�Hagan, J. Fluorine Chem. 2006, 127, 303 –319;
b) K. L. Kirk, J. Fluorine Chem. 2006, 127, 1013 –1029; c) J.-P.
B�gu�, D. Bonnet-Delpon, J. Fluorine Chem. 2006, 127, 992 –1012.

[2] a) A. M. Sipyagin, C. P. Bateman, Y.-T. Tan, J. S. Thrasher, J. Fluo-
rine Chem. 2001, 112, 287 –295; b) M. Schlosser, Angew. Chem.
2006, 118, 5558 – 5572; Angew. Chem. Int. Ed. 2006, 45, 5432 –5446;
c) A. T. Parsons, S. L. Buchwald, Nature 2011, 480, 184 – 185; d) X.
Mu, T. Wu, H.-Y. Wang, Y.-L. Guo, G. Liu, J. Am. Chem. Soc. 2011,
133, 1978; e) N. D. Litvinas, P. S. Fier, J. F. Hartwig, Angew. Chem.
2012, 124, 551 –554; Angew. Chem. Int. Ed. 2012, 51, 536 –539;
f) T. L. Liu, X. Shao, Y. Wu, Q. Shen, Angew. Chem. 2012, 124, 555 –
558; Angew. Chem. Int. Ed. 2012, 51, 540 – 543.

[3] a) J. T. Welch, D. S. Lim, Bioorg. Med. Chem. 2007, 15, 6659 – 6666;
b) P. Wipf, T. Mo, S. Geib, D. Caridha, G. Dow, L. Gerena, N.
Roncal, E. Milner, Org. Biomol. Chem. 2009, 7, 4163 – 4165; c) B.
Stump, C. Eberle, W. B. Schweizer, M. Kaiser, R. Brun, R. L. Kraut-
Siegel, D. Lentz, F. Diederich, ChemBioChem 2009, 10, 79– 83.

[4] P. Kirsch, Modern Fluoroorganic Chemistry: Synthesis Reactivity and
Applications, Wiley-VCH, Weinheim, 2004.

[5] a) W. A. Sheppard, J. Am. Chem. Soc. 1960, 82, 4751 –4752; b) J. R.
Case, N. H. Ray, H. L. Roberts, J. Chem. Soc. 1961, 2066 –2070;
c) W. A. Sheppard, J. Am. Chem. Soc. 1962, 84, 3072 –3076; d) R. D.
Bowden, P. J. Comina, M. P. Greenhall, B. M. Kariuki, A. Loveday,
D. Philp, Tetrahedron 2000, 56, 3399 – 3408; e) S. Ait-Mohand, W. R.
Dolbier Jr., Org. Lett. 2002, 4, 3013 –3015; f) R. W. Winter, G. L.
Gard, J. Fluorine Chem. 2004, 125, 549 –552; g) T. A. Sergeeva,
W. R. Dolbier Jr., Org. Lett. 2004, 6, 2417 –2419; h) V. K. Brel, J.
Fluorine Chem. 2007, 128, 862 – 867.

[6] a) P. Kirsch, M. Bremer, Angew. Chem. 2000, 112, 4384 – 4405;
Angew. Chem. Int. Ed. 2000, 39, 4216 – 4235; b) D. S. Lim, J. S. Choi,
C. S. Pak, J. T. Welch, J. Pestic. Sci. 2007, 32, 255 –259.

[7] P. Kirsch, M. Bremer, M. Heckmeier, K. Tarumi, Angew. Chem.
1999, 111, 2174 –2178; Angew. Chem. Int. Ed. 1999, 38, 1989 –1992.

[8] a) M. Abarbri, P. Knochel, Synlett 1999, 1577 – 1578; b) F. Dehmel,
M. Abarbri, P. Knochel, Synlett 2000, 345 – 346; c) P. Knochel, W.

Dohle, N. Gommermann, F. F. Kneisel, F. Kopp, T. Korn, I. Sapount-
zis, V. A. Vu, Angew. Chem. 2003, 115, 4438 –4456; Angew. Chem.
Int. Ed. 2003, 42, 4302 –4320; d) A. Krasovskiy, P. Knochel, Angew.
Chem. 2004, 116, 3396 – 3399; Angew. Chem. Int. Ed. 2004, 43, 3333 –
3336; e) A. Krasovskiy, B. F. Straub, P. Knochel, Angew. Chem.
2006, 118, 165 –169; Angew. Chem. Int. Ed. 2006, 45, 159 –162; f) H.
Ila, O. Baron, A. J. Wagner, P. Knochel, Chem. Commun. 2006, 583 –
593; g) L. Melzig, C. Rauhut, P. Knochel, Synthesis 2009, 1041 –
1048; h) F. Crestey, P. Knochel, Synthesis 2010, 1097 –1106.

[9] a) A. Krasovskiy, V. Krasovskaya, P. Knochel, Angew. Chem. 2006,
118, 3024 – 3027; Angew. Chem. Int. Ed. 2006, 45, 2958 –2961; b) W.
Lin, O. Baron, P. Knochel, Org. Lett. 2006, 8, 5673 –5676; c) M.
Mosrin, P. Knochel, Org. Lett. 2008, 10, 2497 – 2500; d) M. Mosrin,
T. Bresser, P. Knochel, Org. Lett. 2009, 11, 3406 –3409; e) C. Despot-
opoulou, L. Klier, P. Knochel, Org. Lett. 2009, 11, 3326 – 3329.

[10] a) G. C. Clososki, C. J. Rohbogner, P. Knochel, Angew. Chem. 2007,
119, 7825 –7828; Angew. Chem. Int. Ed. 2007, 46, 7681 –7684;
b) C. J. Rohbogner, G. C. Clososki, P. Knochel, Angew. Chem. 2008,
120, 1526 – 1530; Angew. Chem. Int. Ed. 2008, 47, 1503 –1507; c) M.
Mosrin, N. Boudet, P. Knochel, Org. Biomol. Chem. 2008, 6, 3237 –
3239; d) P. Knochel, M. Mosrin, M. Petrera, Synthesis 2008, 3697 –
3702.

[11] a) M. Mosrin, P. Knochel, Org. Lett. 2009, 11, 1837 –1840; b) T.
Bresser, M. Mosrin, G. Monzon, P. Knochel, J. Org. Chem. 2010, 75,
4686 – 4695; c) G. Monzon, P. Knochel, Synlett 2010, 304 – 308; d) T.
Bresser, G. Monzon, M. Mosrin, P. Knochel, Org. Process Res. Dev.
2010, 14, 1299 –1303.

[12] a) S. H. Wunderlich, P. Knochel, Angew. Chem. 2007, 119, 7829 –
7832; Angew. Chem. Int. Ed. 2007, 46, 7685 –7688; b) S. H. Wunder-
lich, P. Knochel, Chem. Commun. 2008, 47, 6387 –6389; c) M.
Mosrin, P. Knochel, Chem. Eur. J. 2009, 15, 1468 –1477.

[13] The yield was determined by iodolysis of reaction aliquots using
iodine in THF.

[14] a) C. J. O’Brien, E. A. B. Kantchev, C. Valente, N. Hadei, G. A.
Chass, A. Lough, A. C. Hopkinson, M. G. Organ, Chem. Eur. J.
2006, 12, 4743 –4748; b) M. G. Organ, S. Avola, I. Dubovyk, N.
Hadei, E. A. B. Kantchev, C. J. O�Brien, C. Valente, Chem. Eur. J.
2006, 12, 4749 –4755.

[15] a) E. Negishi, L. F. Valente, M. Kobayashi, J. Am. Chem. Soc. 1980,
102, 3298 – 3299; b) E. Negishi, Acc. Chem. Res. 1982, 15, 340 –348.

[16] a) G. Manolikakes, M. A. Schade, C. Munoz Hernandez, H. Mayr, P.
Knochel, Org. Lett. 2008, 10, 2765 –2768; b) G. Manolikakes, Z.
Dong, H. Mayr, J. Li, P. Knochel, Chem. Eur. J. 2009, 15, 1324 –
1328.

[17] P. Knochel, M. C. P. Yeh, S. C. Berk, J. Talbert, J. Org. Chem. 1988,
53, 2390 –2392.

[18] a) Y. Takahashi, T. Ito, S. Sakai, Y. Ishii, J. Chem. Soc. Chem.
Commun. 1970, 1065 – 1066; b) V. Farina, B. Krishnan, J. Am. Chem.
Soc. 1991, 113, 9585 –9595; c) V. Farina, S. Kapadia, B. Krishnan, C.
Wang, L. S. Liebeskind, J. Org. Chem. 1994, 59, 5905 –5911.

[19] a) I. Sapountzis, P. Knochel, J. Am. Chem. Soc. 2002, 124, 9390 –
9391; b) F. Kopp, I. Sapountzis, P. Knochel, Synlett 2003, 885 –887.

[20] Prepared according to the literature procedure: J. Duan, L. H.
Zhang, W. R. Dolbier, Jr., Synlett 1999, 1245 – 1246.

[21] Prepared according to the literature procedure in reference [3a].
[22] a) S. Takahashi, Y. Kuroyama, K. Sonogashira, N. Hagihara, Synthe-

sis 1980, 627 –630; b) T. Sakamoto, M. Shiraiwa, Y. Kondo, H. Ya-
manaka, Synthesis 1983, 312 – 314.

[23] a) A. L. Rodriguez, W. Dohle, P. Knochel, Angew. Chem. 2000, 112,
2607 – 2609; Angew. Chem. Int. Ed. 2000, 39, 2488 –2490; b) C. Kora-
din, W. Dohle, A. L. Rodriguez, B. Schmid, P. Knochel, Tetrahedron
2003, 59, 1571; c) A. H. Stoll, P. Knochel, Org. Lett. 2007, 9, 113 –
116.

[24] a) C. D. Jones, M. G. Jevnikar, A. J. Pike, M. K. Peters, L. J. Black,
A. R. Thompson, J. F. Falcone, J. A. Clemes, J. Med. Chem. 1984, 27,
1057 – 1066; b) K. G. Pinney, A. D. Bounds, K. M. Dingeman, V. P.
Mocharla, G. R. Pettit, R. Bai, E. Hamel, Bioorg. Med. Chem. Lett.
1999, 9, 1081 – 1086; c) M.-J. R. P. Queiroz, R. C. Calhelha, L. A.

www.chemeurj.org � 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Chem. Eur. J. 0000, 00, 0 – 0

�� These are not the final page numbers!
&4&

P. Knochel et al.

http://dx.doi.org/10.1016/j.jfluchem.2006.01.011
http://dx.doi.org/10.1016/j.jfluchem.2006.01.011
http://dx.doi.org/10.1016/j.jfluchem.2006.01.011
http://dx.doi.org/10.1016/j.jfluchem.2006.06.007
http://dx.doi.org/10.1016/j.jfluchem.2006.06.007
http://dx.doi.org/10.1016/j.jfluchem.2006.06.007
http://dx.doi.org/10.1016/S0022-1139(01)00514-0
http://dx.doi.org/10.1016/S0022-1139(01)00514-0
http://dx.doi.org/10.1016/S0022-1139(01)00514-0
http://dx.doi.org/10.1016/S0022-1139(01)00514-0
http://dx.doi.org/10.1002/ange.200600449
http://dx.doi.org/10.1002/ange.200600449
http://dx.doi.org/10.1002/ange.200600449
http://dx.doi.org/10.1002/ange.200600449
http://dx.doi.org/10.1002/anie.200600449
http://dx.doi.org/10.1002/anie.200600449
http://dx.doi.org/10.1002/anie.200600449
http://dx.doi.org/10.1038/480184a
http://dx.doi.org/10.1038/480184a
http://dx.doi.org/10.1038/480184a
http://dx.doi.org/10.1021/ja109483a
http://dx.doi.org/10.1021/ja109483a
http://dx.doi.org/10.1002/ange.201106668
http://dx.doi.org/10.1002/ange.201106668
http://dx.doi.org/10.1002/ange.201106668
http://dx.doi.org/10.1002/ange.201106668
http://dx.doi.org/10.1002/anie.201106668
http://dx.doi.org/10.1002/anie.201106668
http://dx.doi.org/10.1002/anie.201106668
http://dx.doi.org/10.1002/ange.201106673
http://dx.doi.org/10.1002/ange.201106673
http://dx.doi.org/10.1002/ange.201106673
http://dx.doi.org/10.1002/anie.201106673
http://dx.doi.org/10.1002/anie.201106673
http://dx.doi.org/10.1002/anie.201106673
http://dx.doi.org/10.1016/j.bmc.2007.08.012
http://dx.doi.org/10.1016/j.bmc.2007.08.012
http://dx.doi.org/10.1016/j.bmc.2007.08.012
http://dx.doi.org/10.1039/b911483a
http://dx.doi.org/10.1039/b911483a
http://dx.doi.org/10.1039/b911483a
http://dx.doi.org/10.1002/cbic.200800565
http://dx.doi.org/10.1002/cbic.200800565
http://dx.doi.org/10.1002/cbic.200800565
http://dx.doi.org/10.1021/ja01502a083
http://dx.doi.org/10.1021/ja01502a083
http://dx.doi.org/10.1021/ja01502a083
http://dx.doi.org/10.1039/jr9610002066
http://dx.doi.org/10.1039/jr9610002066
http://dx.doi.org/10.1039/jr9610002066
http://dx.doi.org/10.1021/ja00875a007
http://dx.doi.org/10.1021/ja00875a007
http://dx.doi.org/10.1021/ja00875a007
http://dx.doi.org/10.1016/S0040-4020(00)00184-8
http://dx.doi.org/10.1016/S0040-4020(00)00184-8
http://dx.doi.org/10.1016/S0040-4020(00)00184-8
http://dx.doi.org/10.1016/j.jfluchem.2003.11.028
http://dx.doi.org/10.1016/j.jfluchem.2003.11.028
http://dx.doi.org/10.1016/j.jfluchem.2003.11.028
http://dx.doi.org/10.1021/ol0491991
http://dx.doi.org/10.1021/ol0491991
http://dx.doi.org/10.1021/ol0491991
http://dx.doi.org/10.1016/j.jfluchem.2007.04.013
http://dx.doi.org/10.1016/j.jfluchem.2007.04.013
http://dx.doi.org/10.1016/j.jfluchem.2007.04.013
http://dx.doi.org/10.1016/j.jfluchem.2007.04.013
http://dx.doi.org/10.1002/1521-3757(20001201)112:23%3C4384::AID-ANGE4384%3E3.0.CO;2-S
http://dx.doi.org/10.1002/1521-3757(20001201)112:23%3C4384::AID-ANGE4384%3E3.0.CO;2-S
http://dx.doi.org/10.1002/1521-3757(20001201)112:23%3C4384::AID-ANGE4384%3E3.0.CO;2-S
http://dx.doi.org/10.1584/jpestics.G06-50
http://dx.doi.org/10.1584/jpestics.G06-50
http://dx.doi.org/10.1584/jpestics.G06-50
http://dx.doi.org/10.1002/(SICI)1521-3757(19990712)111:13/14%3C2174::AID-ANGE2174%3E3.0.CO;2-V
http://dx.doi.org/10.1002/(SICI)1521-3757(19990712)111:13/14%3C2174::AID-ANGE2174%3E3.0.CO;2-V
http://dx.doi.org/10.1002/(SICI)1521-3757(19990712)111:13/14%3C2174::AID-ANGE2174%3E3.0.CO;2-V
http://dx.doi.org/10.1002/(SICI)1521-3757(19990712)111:13/14%3C2174::AID-ANGE2174%3E3.0.CO;2-V
http://dx.doi.org/10.1002/(SICI)1521-3773(19990712)38:13/14%3C1989::AID-ANIE1989%3E3.0.CO;2-K
http://dx.doi.org/10.1002/(SICI)1521-3773(19990712)38:13/14%3C1989::AID-ANIE1989%3E3.0.CO;2-K
http://dx.doi.org/10.1002/(SICI)1521-3773(19990712)38:13/14%3C1989::AID-ANIE1989%3E3.0.CO;2-K
http://dx.doi.org/10.1055/s-1999-2891
http://dx.doi.org/10.1055/s-1999-2891
http://dx.doi.org/10.1055/s-1999-2891
http://dx.doi.org/10.1002/ange.200300579
http://dx.doi.org/10.1002/ange.200300579
http://dx.doi.org/10.1002/ange.200300579
http://dx.doi.org/10.1002/anie.200300579
http://dx.doi.org/10.1002/anie.200300579
http://dx.doi.org/10.1002/anie.200300579
http://dx.doi.org/10.1002/anie.200300579
http://dx.doi.org/10.1002/ange.200454084
http://dx.doi.org/10.1002/ange.200454084
http://dx.doi.org/10.1002/ange.200454084
http://dx.doi.org/10.1002/ange.200454084
http://dx.doi.org/10.1002/anie.200454084
http://dx.doi.org/10.1002/anie.200454084
http://dx.doi.org/10.1002/anie.200454084
http://dx.doi.org/10.1002/ange.200502220
http://dx.doi.org/10.1002/ange.200502220
http://dx.doi.org/10.1002/ange.200502220
http://dx.doi.org/10.1002/ange.200502220
http://dx.doi.org/10.1002/anie.200502220
http://dx.doi.org/10.1002/anie.200502220
http://dx.doi.org/10.1002/anie.200502220
http://dx.doi.org/10.1039/b510866g
http://dx.doi.org/10.1039/b510866g
http://dx.doi.org/10.1039/b510866g
http://dx.doi.org/10.1002/ange.200504024
http://dx.doi.org/10.1002/ange.200504024
http://dx.doi.org/10.1002/ange.200504024
http://dx.doi.org/10.1002/ange.200504024
http://dx.doi.org/10.1002/anie.200504024
http://dx.doi.org/10.1002/anie.200504024
http://dx.doi.org/10.1002/anie.200504024
http://dx.doi.org/10.1021/ol0625536
http://dx.doi.org/10.1021/ol0625536
http://dx.doi.org/10.1021/ol0625536
http://dx.doi.org/10.1021/ol800790g
http://dx.doi.org/10.1021/ol800790g
http://dx.doi.org/10.1021/ol800790g
http://dx.doi.org/10.1021/ol901275n
http://dx.doi.org/10.1021/ol901275n
http://dx.doi.org/10.1021/ol901275n
http://dx.doi.org/10.1021/ol901208d
http://dx.doi.org/10.1021/ol901208d
http://dx.doi.org/10.1021/ol901208d
http://dx.doi.org/10.1002/ange.200701487
http://dx.doi.org/10.1002/ange.200701487
http://dx.doi.org/10.1002/ange.200701487
http://dx.doi.org/10.1002/ange.200701487
http://dx.doi.org/10.1002/anie.200701487
http://dx.doi.org/10.1002/anie.200701487
http://dx.doi.org/10.1002/anie.200701487
http://dx.doi.org/10.1002/ange.200703382
http://dx.doi.org/10.1002/ange.200703382
http://dx.doi.org/10.1002/ange.200703382
http://dx.doi.org/10.1002/ange.200703382
http://dx.doi.org/10.1002/anie.200703382
http://dx.doi.org/10.1002/anie.200703382
http://dx.doi.org/10.1002/anie.200703382
http://dx.doi.org/10.1039/b812528g
http://dx.doi.org/10.1039/b812528g
http://dx.doi.org/10.1039/b812528g
http://dx.doi.org/10.1055/s-0028-1083208
http://dx.doi.org/10.1055/s-0028-1083208
http://dx.doi.org/10.1055/s-0028-1083208
http://dx.doi.org/10.1021/ol900342a
http://dx.doi.org/10.1021/ol900342a
http://dx.doi.org/10.1021/ol900342a
http://dx.doi.org/10.1021/jo100884u
http://dx.doi.org/10.1021/jo100884u
http://dx.doi.org/10.1021/jo100884u
http://dx.doi.org/10.1021/jo100884u
http://dx.doi.org/10.1021/op1001935
http://dx.doi.org/10.1021/op1001935
http://dx.doi.org/10.1021/op1001935
http://dx.doi.org/10.1021/op1001935
http://dx.doi.org/10.1002/ange.200701984
http://dx.doi.org/10.1002/ange.200701984
http://dx.doi.org/10.1002/ange.200701984
http://dx.doi.org/10.1002/anie.200701984
http://dx.doi.org/10.1002/anie.200701984
http://dx.doi.org/10.1002/anie.200701984
http://dx.doi.org/10.1002/chem.200801831
http://dx.doi.org/10.1002/chem.200801831
http://dx.doi.org/10.1002/chem.200801831
http://dx.doi.org/10.1002/chem.200600206
http://dx.doi.org/10.1002/chem.200600206
http://dx.doi.org/10.1002/chem.200600206
http://dx.doi.org/10.1002/chem.200600206
http://dx.doi.org/10.1021/ja00529a091
http://dx.doi.org/10.1021/ja00529a091
http://dx.doi.org/10.1021/ja00529a091
http://dx.doi.org/10.1021/ja00529a091
http://dx.doi.org/10.1021/ar00083a001
http://dx.doi.org/10.1021/ar00083a001
http://dx.doi.org/10.1021/ar00083a001
http://dx.doi.org/10.1021/ol8009013
http://dx.doi.org/10.1021/ol8009013
http://dx.doi.org/10.1021/ol8009013
http://dx.doi.org/10.1002/chem.200802349
http://dx.doi.org/10.1002/chem.200802349
http://dx.doi.org/10.1002/chem.200802349
http://dx.doi.org/10.1021/jo00245a057
http://dx.doi.org/10.1021/jo00245a057
http://dx.doi.org/10.1021/jo00245a057
http://dx.doi.org/10.1021/jo00245a057
http://dx.doi.org/10.1021/ja00025a025
http://dx.doi.org/10.1021/ja00025a025
http://dx.doi.org/10.1021/ja00025a025
http://dx.doi.org/10.1021/ja00025a025
http://dx.doi.org/10.1021/jo00099a018
http://dx.doi.org/10.1021/jo00099a018
http://dx.doi.org/10.1021/jo00099a018
http://dx.doi.org/10.1021/ja026718r
http://dx.doi.org/10.1021/ja026718r
http://dx.doi.org/10.1021/ja026718r
http://dx.doi.org/10.1055/s-1999-2818
http://dx.doi.org/10.1055/s-1999-2818
http://dx.doi.org/10.1055/s-1999-2818
http://dx.doi.org/10.1055/s-1980-29145
http://dx.doi.org/10.1055/s-1980-29145
http://dx.doi.org/10.1055/s-1980-29145
http://dx.doi.org/10.1055/s-1980-29145
http://dx.doi.org/10.1055/s-1983-30319
http://dx.doi.org/10.1055/s-1983-30319
http://dx.doi.org/10.1055/s-1983-30319
http://dx.doi.org/10.1002/1521-3757(20000717)112:14%3C2607::AID-ANGE2607%3E3.0.CO;2-I
http://dx.doi.org/10.1002/1521-3757(20000717)112:14%3C2607::AID-ANGE2607%3E3.0.CO;2-I
http://dx.doi.org/10.1002/1521-3757(20000717)112:14%3C2607::AID-ANGE2607%3E3.0.CO;2-I
http://dx.doi.org/10.1002/1521-3757(20000717)112:14%3C2607::AID-ANGE2607%3E3.0.CO;2-I
http://dx.doi.org/10.1002/1521-3773(20000717)39:14%3C2488::AID-ANIE2488%3E3.0.CO;2-E
http://dx.doi.org/10.1002/1521-3773(20000717)39:14%3C2488::AID-ANIE2488%3E3.0.CO;2-E
http://dx.doi.org/10.1002/1521-3773(20000717)39:14%3C2488::AID-ANIE2488%3E3.0.CO;2-E
http://dx.doi.org/10.1016/S0040-4020(03)00073-5
http://dx.doi.org/10.1016/S0040-4020(03)00073-5
http://dx.doi.org/10.1021/jm00374a021
http://dx.doi.org/10.1021/jm00374a021
http://dx.doi.org/10.1021/jm00374a021
http://dx.doi.org/10.1021/jm00374a021
http://dx.doi.org/10.1016/S0960-894X(99)00143-2
http://dx.doi.org/10.1016/S0960-894X(99)00143-2
http://dx.doi.org/10.1016/S0960-894X(99)00143-2
http://dx.doi.org/10.1016/S0960-894X(99)00143-2
www.chemeurj.org


Vale-Silva, E. Pinto, M. Sao-Jos� Nascimento, Eur. J. Med. Chem.
2009, 44, 1893 –1899.

[25] a) T. Y. Zhang, J. O�Toole, C. S. Proctor, Sulfur Rep. 1999, 22, 1 –47;
b) I. McCulloch, M. Heeney, M. L. Chabinyc, D. DeLongchamp,
R. J. Kline, M. CÅlle, W. Duffy, D. Fischer, D. Gundlach, B. Hama-
dani, R. Hamilton, L. Richter, A. Salleo, M. Shkunov, D. Sparrowe,
S. Tierney, W. Zhang, Adv. Mater. 2009, 21, 1091 –1109.

[26] T. Kunz, P. Knochel, Angew. Chem. 2012, 124, 1994 –1997; Angew.
Chem. Int. Ed. 2012, 51, 1958 – 1961.

[27] See Supporting Information for a detailed preparation.
[28] T. J. Korn, P. Knochel, Synlett 2005, 1185 –1187.
[29] K. Fujiki, N. Tanifuji, Y. Sasaki, T. Yokoyama, Synthesis 2002, 343 –

348.
Received: April 30, 2012

Published online: && &&, 0000

Chem. Eur. J. 2012, 00, 0 – 0 � 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.chemeurj.org

These are not the final page numbers! ��
&5&

COMMUNICATIONSF5-Substituted Aryl and Heteroaryl Derivatives

http://dx.doi.org/10.1016/j.ejmech.2008.11.002
http://dx.doi.org/10.1016/j.ejmech.2008.11.002
http://dx.doi.org/10.1016/j.ejmech.2008.11.002
http://dx.doi.org/10.1016/j.ejmech.2008.11.002
http://dx.doi.org/10.1002/adma.200801650
http://dx.doi.org/10.1002/adma.200801650
http://dx.doi.org/10.1002/adma.200801650
http://dx.doi.org/10.1002/ange.201106734
http://dx.doi.org/10.1002/ange.201106734
http://dx.doi.org/10.1002/ange.201106734
http://dx.doi.org/10.1002/anie.201106734
http://dx.doi.org/10.1002/anie.201106734
http://dx.doi.org/10.1002/anie.201106734
http://dx.doi.org/10.1002/anie.201106734
http://dx.doi.org/10.1055/s-2002-20031
http://dx.doi.org/10.1055/s-2002-20031
http://dx.doi.org/10.1055/s-2002-20031
www.chemeurj.org


C–C Coupling Reactions
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Preparations and Reactions of SF5-
Substituted Aryl and Heteroaryl
Derivatives via Mg and Zn Organome-
tallics

Polyfunctional SF5-substituted cycles :
Several organometallic sequences
using zinc, copper, and magnesium
intermediates were developed to pre-

pare a broad range of SF5-substituted
aromatic and heterocyclic compounds
of potential interest for pharmaceutical
applications.
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