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Peralkynylated Tetraazaacene Derivatives

Hilmar Reiss,[a] Frank Rominger,[a] Jan Freudenberg,[a, c] and Uwe H. F. Bunz*[a, b]

Abstract: The synthesis of a decaethynylated tetraazapen-

tacene is described. It was obtained by a combination of
condensation reactions giving the two pyrazine rings and

subsequent consecutive Stille-type couplings. This is the
first example of any higher (hetero)acene that is peralky-
nylated. The presence of the four nitrogen atoms removes

the peri interaction of the substituted alkyne groups,
giving this rock-stable and highly twisted heteroacene.

Herein, we disclose the synthesis of an octaalkynylated tetra-
azatetracene and a decaalkynylated tetraazapentacene. Peral-
kynylated representatives are known of some aromatic sys-

tems; the first ever described was Vollhardt’s hexaethynylben-
zene, prepared from hexabromobenzene and TMS acetylene in
a sixfold Sonogashira reaction.[1] Later, tetraethynylethylenes

were prepared by Hopf and co-workers[2] and by Diederich and
co-workers,[3] followed by tetraalkynylated cyclobutadiene

complexes achieved by Bunz and co-workers[4] as well as peral-
kynylated cyclopentadienyl species either as radical (Rubin)[5]

or stabilized as cymantrene or ferrocene.[6]

However, for larger aromatic systems, such as naphthalene

or anthracene, peralkynylated species are unknown—attempts
of alkynylation lead to annulation reactions due to severe peri

interactions of the alkynes—yet a peralkenylated naphthalene
has been prepared by de Meijere and co-workers.[7] To solve

this issue, the offending peri interactions will have to be re-

moved by substitution of a C-CC-R-group through a nitrogen.
As a consequence, peralkynylated phenazine and quinoxaline
are known.[8] However, none of the larger peralkynylated N-het-
eroacenes have ever been prepared. Herein, we disclose the

synthesis of the higher homologues, a peralkynylated tetraaza-

tetracene and tetraazapentacene derivative.
Starting from diamine 1,[9] reaction with tetrabromoorthoqui-

none under acidic conditions furnished the thiadiazole 2,
which, upon Stille reaction with the stannylated acetylenes fol-

lowed by MnO2 oxidation of the intermediate N,N’-dihydro-
compound, gave the hexaethynylated phenazinthiadiazoles 3 a
and b (Scheme 1). Attempts to open the thiadiazole ring with

LiAlH4 resulted in low yields, with zinc in acetic acid lead to de-

Scheme 1. Synthesis of the peralkynylated tetraazaacenes 6 and 8 (top) and
structure of TIPSTAP[10] for comparison (bottom).
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composition. However, SmI2 smoothly opened the thiadiazole
ring to give the diamines 4 a or b quantitatively. Compound

4 a was easily coupled with dione 5, resulting in the first oc-
taalkynylated tetraazatetracene 6 as a turquoise solid. The sub-

sequent synthesis of the symmetrical tetraazapentacene motif
was more challenging. The coupling of 4 b with a second mole

of tetrabromoorthoquinone gave the compound 7 b-H2—after
reduction with tin chloride—in only 8 % yield, whereas the re-
action with 4 a gave the product 7 a (see the Supporting Infor-

mation) in 5 %, probably due to the lower stability of the TMS
groups. The (high yielding) reduction is critical to allow the

next fourfold Stille reaction, because the oxidized form of 7 b-
H2 oxidizes the Pd catalyst. The formed N,N’-dihydrotetraaza-

cene 8-H2 is oxidized easily into the target compound 8. With
this sequence, the first peralkynylated azapentacene has been

prepared as a red crystalline material.

The enlargement of the p-system from 6 to 8 leads to a sig-
nificant redshift in both the absorption and emission spectra

(Figure 1), the former displaying the typical fine structure of
acenes. In comparison with bis(triisopropylsilyl)tetraazapenta-

cene (TIPSTAP; Scheme 1), the tert-butylethynyl substituents of
8 redshifted the absorption by 1612 cm@1 from 681 nm to

765 nm.[10] The first reduction potential of 8 occurs at @0.77 V

(@0.81 V for TIPSTAP), whereas the second reduction potential

is located at @1.20 V (@1.24 V for TIPSTAP). The similarity of
the first and second reduction potentials combined with the

considerable redshift suggests that the alkynyl groups primari-
ly lead to a destabilization of the HOMO, but not to a stabiliza-

tion of the LUMO. This observation is supported by quantum
chemical calculations (B3LYP/6-311 + + g(d,p)), which display a

0.16 eV destabilization of the LUMO, and a 0.37 eV destabiliza-
tion of the HOMO, resulting in a calculated decrease of the

HOMO–LUMO gap by 0.21 eV (1694 cm@1), which corresponds

well to the measured difference of 1632 cm@1 (Table 1).
Figures 2 and 3 show the single-crystal X-ray structures of 6

and 8. Both arrange in a herringbone-like structure without p–
p contacts to be observed due to the bulky peripheral sub-
stituents. The bond lengths are in excellent agreement with
the calculated values. Although the tetracene backbone of 6 is

only slightly bent, the increased steric pressure upon going to
8 leads to a curious overall geometry, because particularly the
central TIPS-ethynyl groups are highly bent into the opposite

directions and the aromatic core is twisted along the long mo-
lecular axis, with a maximum of 198 for the central ring. In

principle, the presence of the pyrazine rings should have re-
moved all of the peri interactions, but the peripheral substitu-

Figure 1. UV/Vis spectra of bis(triisopropylsilyl)tetraazapentacene (TIPSTAP,
black) and the peralkynylated derivatives 6 (blue) and 8 (red) in n-hexane.
Inset : Normalized absorption and emission spectra magnified to the region
of the lowest energy absorption maxima.

Figure 2. Single-crystal X-ray structure of 6. Ellipsoid plot (top), view from
the side (bottom left) and display of the herringbone-like arrangement
(bottom right).

Table 1. Photophysical and electrochemical properties of TIPSTAP, 6, and 8.

Compound lmax,abs
[a] (lmax,em)[a] [nm] ERed (0/@1)[b] [V] ERed (@1/@2)[b] [V] EEA

[c] [eV] ELUMO
[d] [eV] EHOMO

[d] [eV]

TIPSTAP 681 (694) @0.81 @1.24 @3.99 @3.84 @5.58
6 651 (660) @0.76 @1.20 @4.04 @3.72 @5.57
8 765 (775) @0.77 @1.20 @4.03 @3.68 @5.21

[a] Lowest energy absorption and emission maxima recorded in n-hexane at room temperature. [b] First reduction potentials measured by cyclic voltam-
metry in CH2Cl2 using Bu4NPF6 as electrolyte and Fc/Fc+ as internal standard (@4.80 eV) at 0.2 V s@1.[c] Electron affinity [eV] =@4.8 eV@ERed(0/@1).[11] [d] Cal-
culated frontier molecular orbitals by using TURBOMOLE B3LYP/def2-TZVP//Gaussian 09 B3LYP/6-311 + + G**.[12]
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ents are too bulky to fit easily. Yet both compounds are stable

and can be stored indefinitely in the solid crystalline state.
In conclusion, we have prepared the first peralkynylated tet-

raazatetracene and tetraazapentacene. Despite the excised peri
interactions—achieved by strategic placement of the pyrazine

nitrogen atoms, the alkynes in 8 are bent, and the aromatic

perimeter is twisted. The materials are stable and easily proces-
sible and should be attractive precursors for pyrolytic transfor-

mations into C,N-type graphene materials. They are stable
under ambient conditions, probably due to the steric shielding

exerted by the alkyne substituents.

Experimental Section

CCDC 1947891 (6), and 1947892 (8) contain the supplementary
crystallographic data for this paper. These data are provided free
of charge by The Cambridge Crystallographic Data Centre. The syn-
thetic details for precursors and remaining materials can be found
in the Supporting Information.

2,3,5,12-Tetrakis((triisopropylsilyl)ethynyl)-7,8,9,10-tetrakis((tri-
methylsilyl)ethynyl)-1,2-dihydropyrazino[2,3-b]phenazine (6): 4 a
(43.0 mg, 45.0 mmol, 1 equiv) and 5 (24.5 mg, 58.5 mmol, 1.3 equiv)
were stirred for 6 h in 2.00 mL of DCM/AcOH (1:1) at room temper-
ature. The mixture was poured into DI water and extracted with
DCM. The organic phases were treated with sat. aqueous sodium
bicarbonate and dried over magnesium sulfate. After evaporation
of the solvent under reduced pressure, the crude product was puri-
fied by chromatography on silica using PE/DCM 9:1!6:1!4:1 as
eluent to give the product as a turquoise solid (37.0 mg,
27.6 mmol, 61 %). M.p. : >400 8C. 1H NMR (600 MHz, CDCl3): d

[ppm] = 1.25–1.23 (m, 42 H), 1.21–1.18 (m, 42 H), 0.37 (s, 18 H), 0.37
(s, 18 H). 13C {1H} NMR (150 MHz, CDCl3): d [ppm] = 143.1, 142.2,
142.1, 141.6, 131.9, 126.8, 122.3, 113.4, 110.4, 109.8, 103.9, 102.4,
102.0, 101.9, 100.9, 19.2, 18.9, 11.9, 11.8, 0.6, 0.3. IR (neat): ñ

[cm@1] = 2942, 2891, 2863, 1461, 1442, 1384, 1325, 1246, 1163,
1108, 1041, 944, 836, 793, 757, 675, 643, 607, 578, 489, 405. HR-
MS(MALDI +): m/z calcd for C78H121N4Si8 : 1337.7740; found:
1337.7965. Elemental analysis (%) calcd for C78H120N4Si8 : C 69.99, H
9.04, N 4.19; found: C 69.73, H 8.92, N 3.55. UV/Vis: lmax, abs

(hexane) = 651 nm. Fluorescence: lmax,em (hexane)= 660 nm.

1,2,3,4-Tetrabromo-8,9,10,11-tetrakis(3,3-dimethylbut-1-yn-1-yl)-
6,13-bis((triisopropylsilyl)ethynyl)-5,14-dihydroquinoxalino[2,3-
b]phenazine (7 b-H2): In a heatgun-dried Schlenk tube under
argon with molecular sieves, 4 b (50.0 mg, 56.1 mmol, 1.0 equiv)
and tetrabromoorthoquinone (47.5 mg, 112 mmol, 2.0 equiv) were
dissolved in 2 mL of abs. toluene and 0.50 mL AcOH. The reaction
mixture stirred for 2 days at room temperature while it turned
from red to brown. After completion, checked via TLC, the mixture
was filtered through Celite. Water was added, and the phases were
separated; DCM was used for extraction. The organic phases were
treated with sat. aqueous sodium bicarbonate and dried over mag-
nesium sulfate. After evaporation of the solvent, the crude product
was purified by chromatography on silica by using PE/DCM 10:1>
5:1 as eluent to give a mixture of the oxidized and reduced form
of 7 b. It was dissolved with 5.00 mL THF and stirred with SnCl2

(106 mg, 561 mmol, 10 equiv) in 0.50 mL conc. HCl for 30 min.
Water was added to the blue solution, and the phases were sepa-
rated; DCM was used for extraction. The organic phases were treat-
ed with sat. aqueous sodium bicarbonate and dried over magnesi-
um sulfate. After evaporation of the solvent, the crude product
was purified by chromatography on silica using PE/DCM 10:1!5:1
to give the product as a purple solid (6.00 mg, 4.69 mmol, 8 %).
1H NMR (600 MHz, CDCl3): d [ppm] = 7.65 (s, 2 H), 1.41 (s, 18 H), 1.39
(s, 18 H), 1.20–1.17 (m, 42 H). 13C {1H} NMR (150 MHz, CDCl3): d

[ppm] = 146.1, 139.4, 139.2, 128.0, 127.7, 127.4, 124.0, 110.9, 110.4,
106.6, 105.6, 99.0, 97.7, 72.3, 31.5, 31.5, 29.9, 29.8, 29.5, 19.2, 12.2.
IR (neat): ñ [cm@1] = 3347, 2921, 2859, 1678, 1592, 1570, 1444, 1404,
1385, 1238, 1176, 1102, 1049, 1009, 975, 882, 786, 675, 606, 559,
463. HR-MS(MALDI +): m/z calcd for C64H81Br4N4Si2 : 1277.2728;
found: 1277.2694. UV/Vis: lmax,abs (hexane) = 591 nm.

1,2,3,4,8,9,10,11-Octakis(3,3-dimethylbut-1-yn-1-yl)-6,13-bis((tri-
isopropylsilyl)ethynyl)-5,14-dihydroquinoxalino[2,3-b]phenazine
8-H2 : Bis(benzonitrile)palladium(II) dichloride (1.00 mg, 2.61 mmol,
0.28 equiv) was placed in a Schlenk tube and transferred into a
glovebox under nitrogen atmosphere. Absolute toluene (2.00 mL)
was added, followed by P(tBu)3 (1.06 mg, 5.25 mmol, 0.56 equiv).
The Schlenk tube was closed and taken outside the glovebox.
Then, against a counterflow of argon, 7 b-H2 (12.0 mg, 9.37 mmol,
1 equiv) and (3,3-dimethylbut-1-yn-1-yl)trimethylstannane (27.5 mg,
112.4 mmol, 12 equiv) were added, and the reaction mixture was
stirred at 90 8C for 16 h. After adding DI water, extraction with
DCM, and drying of the organic phases over magnesium sulfate,
the crude mixture was filtered through a pad of silica. The solvent
was evaporated under reduced pressure, and the product was pu-
rified by chromatography on silica by using PE/DCM 9:1!6:1 to
give the product as a purple red solid (8.00 mg, 6.22 mmol, 66 %).
1H NMR (600 MHz, CDCl3): d [ppm] = 7.53 (s, 2 H), 1.44 (s, 18 H), 1.42
(s, 18 H), 1.40 (s, 18 H), 1.38 (s, 18 H), 1.13–1.09 (m, 42 H).
13C {1H} NMR (150 MHz, CDCl3): d [ppm] = 143.5, 141.1, 138.4, 128.4,
128.3, 124.8, 123.1, 110.1, 109.8, 109.5, 107.4, 104.8, 104.4, 101.4,
98.4, 78.5, 77.1, 76.7, 31.5, 31.5, 31.5, 31.5, 28.8, 28.8, 28.6, 19.2,
11.5. IR (neat): ñ [cm@1] = 3354, 2957, 2923, 2861, 2359, 2342, 1726,
1571, 1454, 1246, 1017, 798, 658, 556, 452. HR-MS(MALDI +): m/z
calcd for C88H117N4Si2 : 1285.8811; found: 1285.8785. UV/Vis: lmax,abs

(hexane) = 587 nm. Fluorescence: lmax,em (hexane)= 596 nm.

1,2,3,4,8,9,10,11-Octakis(3,3-dimethylbut-1-yn-1-yl)-6,13-bis((tri-
isopropylsilyl)ethynyl)-quinoxalino[2,3-b]phenazine (8): 8-H2

Figure 3. Single-crystal X-ray structure of 8. Ellipsoid plot (top), view from
the side (bottom left) and display of the herringbone-like arrangement
(bottom right).

Chem. Eur. J. 2020, 26, 1013 – 1016 www.chemeurj.org T 2019 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim1015

Communication

https://www.ccdc.cam.ac.uk/services/strctures?id=doi:10.1002/chem.201904087
http://www.ccdc.cam.ac.uk/
http://www.chemeurj.org


(5.00 mg, 3.89 mmol, 1 equiv) was dissolved in 3.00 mL DCM and
treated with MnO2 (3.38 mg, 38.9 mmol, 10 equiv). The reaction
mixture quickly turned from purple to red brown. After 30 min and
complete conversion of the starting material, the reaction mixture
was filtered through Celite, and the solvent was evaporated under
reduced pressure. Chromatography on silica using PE/DCM 5:1!
2:1 as eluent gave the product as a red solid (4.80 mg, 3.74 mmol,
96 %). M.p. : 270 8C (decomp.) 1H NMR (600 MHz, CDCl3): d [ppm] =
1.48–1.47 (m, 72 H), 1.16–1.13 (m, 42 H). 13C {1H} NMR (150 MHz,
CDCl3): d [ppm] = 143.5, 142.4, 131.2, 125.8, 122.3, 115.3, 111.9,
111.6, 104.9, 78.9, 76.4, 31.4, 31.3, 29.1, 29.0, 19.2, 11.7. IR (neat): ñ

[cm@1] = 2965, 2922, 2862, 2360, 2341, 2214, 1445, 1396, 1361,
1238, 1112, 1061, 802, 727, 659, 587. HR-MS(MALDI +): m/z calcd
for C88H115N4Si2 : 1283.8655; found: 1283.8691. UV/Vis: lmax,abs

(hexane) = 765 nm. Fluorescence: lmax,em (hexane)= 775 nm.

Acknowledgements

We thank the SFB 1249 for generous financial support.

Conflict of interest

The authors declare no conflict of interest.

Keywords: N-heteropentacenes · peralkynylation · peri
interactions · stabilization · X-ray diffraction

[1] a) R. Diercks, J. C. Armstrong, R. Boese, K. P. C. Vollhardt, Angew. Chem.
Int. Ed. Engl. 1986, 25, 268 – 269; Angew. Chem. 1986, 98, 270 – 271; b) R.
Boese, J. R. Green, J. Mittendorf, D. L. Mohler, K. P. C. Vollhardt, Angew.
Chem. Int. Ed. Engl. 1992, 31, 1643 – 1645; Angew. Chem. 1992, 104,
1643 – 1645.

[2] H. Hopf, M. Kreutzer, P. G. Jones, Chem. Ber. 1991, 124, 1471 – 1475.
[3] a) H. Hauptmann, Angew. Chem. Int. Ed. Engl. 1975, 14, 498 – 499;

Angew. Chem. 1975, 87, 490 – 491; b) Y. Rubin, C. B. Knobler, F. Diederich,
Angew. Chem. Int. Ed. Engl. 1991, 30, 698 – 700; Angew. Chem. 1991, 103,
708 – 710; c) F. Diederich, Y. Rubin, Angew. Chem. Int. Ed. Engl. 1992, 31,
1101 – 1123; Angew. Chem. 1992, 104, 1123 – 1146; d) J. Anthony, C. B.
Knobler, F. Diederich, Angew. Chem. Int. Ed. Engl. 1993, 32, 406 – 409;
Angew. Chem. 1993, 105, 437 – 440; e) R. Faust, F. Diederich, V. Gramlich,
P. Seiler, Chem. Eur. J. 1995, 1, 111 – 117.

[4] a) U. H. F. Bunz, V. Enkelmann, Angew. Chem. Int. Ed. Engl. 1993, 32,
1653 – 1655; Angew. Chem. 1993, 105, 1712 – 1714; b) U. H. F. Bunz, V.
Enkelmann, Organometallics 1994, 13, 3823 – 3833; c) J. E. C. Wiegel-
mann-Kreiter, U. H. F. Bunz, Organometallics 1995, 14, 4449 – 4451; d) M.

Altmann, G. Roidl, V. Enkelmann, U. H. F. Bunz, Angew. Chem. Int. Ed.
Engl. 1997, 36, 1107 – 1109; Angew. Chem. 1997, 109, 1133 – 1135;
e) U. H. F. Bunz, G. Roidl, M. Altmann, V. Enkelmann, K. D. Shimizu, J. Am.
Chem. Soc. 1999, 121, 10719 – 10726; f) M. Laskoski, G. Roidl, M. D.
Smith, U. H. F. Bunz, Angew. Chem. Int. Ed. 2001, 40, 1460 – 1463; Angew.
Chem. 2001, 113, 1508 – 1511; g) M. Laskoski, W. Steffen, J. G. M. Morton,
M. D. Smith, U. H. F. Bunz, Angew. Chem. Int. Ed. 2002, 41, 2378 – 2382;
Angew. Chem. 2002, 114, 2484 – 2488; h) M. Laskoski, J. G. M. Morton,
M. D. Smith, U. H. F. Bunz, J. Organomet. Chem. 2002, 652, 21 – 30; i) M.
Laskoski, G. Roidl, H. L. Ricks, J. G. M. Morton, M. D. Smith, U. H. F. Bunz,
J. Organomet. Chem. 2003, 673, 13 – 24; j) M. Laskoski, W. Steffen,
J. G. M. Morton, M. D. Smith, U. H. F. Bunz, J. Organomet. Chem. 2003,
673, 25 – 39; k) U. H. F. Bunz, J. Organomet. Chem. 2003, 683, 269 – 287.

[5] N. Jux, K. Holczer, Y. Rubin, Angew. Chem. Int. Ed. Engl. 1996, 35, 1986 –
1990; Angew. Chem. 1996, 108, 2116 – 2120.

[6] U. H. F. Bunz, V. Enkelmann, J. R-der, Organometallics 1993, 12, 4745 –
4747.

[7] B. Stulgies, P. Prinz, J. Magull, K. Rauch, K. Meindl, S. Rehl, A. de Meijere,
Chem. Eur. J. 2005, 11, 308 – 320.

[8] a) S. Miao, M. D. Smith, U. H. F. Bunz, Org. Lett. 2006, 8, 757 – 760; b) S.
Miao, C. G. Bangcuyo, M. D. Smith, U. H. F. Bunz, Angew. Chem. Int. Ed.
2006, 45, 661 – 665; Angew. Chem. 2006, 118, 677 – 681.

[9] A. B. Marco, D. Cortizo-Lacalle, C. Gozalvez, M. Olano, A. Atxabal, X. Sun,
M. Melle-Franco, L. E. Hueso, A. Mateo-Alonso, Chem. Commun. 2015,
51, 10754 – 10757.

[10] a) S. Miao, A. L. Appleton, N. Berger, S. Barlow, S. R. Marder, K. I. Hardcas-
tle, U. H. F. Bunz, Chem. Eur. J. 2009, 15, 4990 – 4993; b) L. Ji, M. Haehnel,
I. Krummenacher, P. Biegger, F. L. Geyer, O. Tverskoy, M. Schaffroth, J.
Han, A. Dreuw, T. B. Marder, U. H. F. Bunz, Angew. Chem. Int. Ed. 2016,
55, 10498 – 10501; Angew. Chem. 2016, 128, 10654 – 10657.

[11] C. M. Cardona, W. Li, A. E. Kaifer, D. Stockdale, G. C. Bazan, Adv. Mater.
2011, 23, 2367 – 2371.

[12] Gaussian 09, Revision D.01, M. J. Frisch, G. W. Trucks, H. B. Schlegel, G.
E. Scuseria, M. A. Robb, J. R. Cheeseman, G. Scalmani, V. Barone, G. A.
Petersson, H. Nakatsuji, X. Li, M. Caricato, A. Marenich, J. Bloino, B. G. Ja-
nesko, R. Gomperts, B. Mennucci, H. P. Hratchian, J. V. Ortiz, A. F. Izmay-
lov, J. L. Sonnenberg, D. Williams-Young, F. Ding, F. Lipparini, F. Egidi, J.
Goings, B. Peng, A. Petrone, T. Henderson, D. Ranasinghe, V. G. Zakrzew-
ski, J. Gao, N. Rega, G. Zheng, W. Liang, M. Hada, M. Ehara, K. Toyota, R.
Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H.
Nakai, T. Vreven, K. Throssell, J. A. Montgomery, Jr. , J. E. Peralta, F.
Ogliaro, M. Bearpark, J. J. Heyd, E. Brothers, K. N. Kudin, V. N. Staroverov,
T. Keith, R. Kobayashi, J. Normand, K. Raghavachari, A. Rendell, J. C.
Burant, S. S. Iyengar, J. Tomasi, M. Cossi, J. M. Millam, M. Klene, C.
Adamo, R. Cammi, J. W. Ochterski, R. L. Martin, K. Morokuma, O. Farkas,
J. B. Foresman, and D. J. Fox, Gaussian, Inc. , Wallingford CT, 2016.

Manuscript received: September 5, 2019

Accepted manuscript online: October 14, 2019

Version of record online: December 16, 2019

Chem. Eur. J. 2020, 26, 1013 – 1016 www.chemeurj.org T 2019 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim1016

Communication

https://doi.org/10.1002/anie.198602681
https://doi.org/10.1002/anie.198602681
https://doi.org/10.1002/anie.198602681
https://doi.org/10.1002/anie.198602681
https://doi.org/10.1002/ange.19860980319
https://doi.org/10.1002/ange.19860980319
https://doi.org/10.1002/ange.19860980319
https://doi.org/10.1002/ange.19921041219
https://doi.org/10.1002/ange.19921041219
https://doi.org/10.1002/ange.19921041219
https://doi.org/10.1002/ange.19921041219
https://doi.org/10.1002/cber.19911240623
https://doi.org/10.1002/cber.19911240623
https://doi.org/10.1002/cber.19911240623
https://doi.org/10.1002/anie.197504982
https://doi.org/10.1002/anie.197504982
https://doi.org/10.1002/anie.197504982
https://doi.org/10.1002/ange.19750871311
https://doi.org/10.1002/ange.19750871311
https://doi.org/10.1002/ange.19750871311
https://doi.org/10.1002/anie.199106981
https://doi.org/10.1002/anie.199106981
https://doi.org/10.1002/anie.199106981
https://doi.org/10.1002/ange.19911030617
https://doi.org/10.1002/ange.19911030617
https://doi.org/10.1002/ange.19911030617
https://doi.org/10.1002/ange.19911030617
https://doi.org/10.1002/anie.199211013
https://doi.org/10.1002/anie.199211013
https://doi.org/10.1002/anie.199211013
https://doi.org/10.1002/anie.199211013
https://doi.org/10.1002/ange.19921040904
https://doi.org/10.1002/ange.19921040904
https://doi.org/10.1002/ange.19921040904
https://doi.org/10.1002/anie.199304061
https://doi.org/10.1002/anie.199304061
https://doi.org/10.1002/anie.199304061
https://doi.org/10.1002/ange.19931050324
https://doi.org/10.1002/ange.19931050324
https://doi.org/10.1002/ange.19931050324
https://doi.org/10.1002/chem.19950010204
https://doi.org/10.1002/chem.19950010204
https://doi.org/10.1002/chem.19950010204
https://doi.org/10.1002/anie.199316531
https://doi.org/10.1002/anie.199316531
https://doi.org/10.1002/anie.199316531
https://doi.org/10.1002/anie.199316531
https://doi.org/10.1021/om00022a018
https://doi.org/10.1021/om00022a018
https://doi.org/10.1021/om00022a018
https://doi.org/10.1021/om00010a003
https://doi.org/10.1021/om00010a003
https://doi.org/10.1021/om00010a003
https://doi.org/10.1002/anie.199711071
https://doi.org/10.1002/anie.199711071
https://doi.org/10.1002/anie.199711071
https://doi.org/10.1002/anie.199711071
https://doi.org/10.1002/ange.19971091016
https://doi.org/10.1002/ange.19971091016
https://doi.org/10.1002/ange.19971091016
https://doi.org/10.1021/ja992262a
https://doi.org/10.1021/ja992262a
https://doi.org/10.1021/ja992262a
https://doi.org/10.1021/ja992262a
https://doi.org/10.1002/1521-3773(20010417)40:8%3C1460::AID-ANIE1460%3E3.0.CO;2-Q
https://doi.org/10.1002/1521-3773(20010417)40:8%3C1460::AID-ANIE1460%3E3.0.CO;2-Q
https://doi.org/10.1002/1521-3773(20010417)40:8%3C1460::AID-ANIE1460%3E3.0.CO;2-Q
https://doi.org/10.1002/1521-3757(20010417)113:8%3C1508::AID-ANGE1508%3E3.0.CO;2-7
https://doi.org/10.1002/1521-3757(20010417)113:8%3C1508::AID-ANGE1508%3E3.0.CO;2-7
https://doi.org/10.1002/1521-3757(20010417)113:8%3C1508::AID-ANGE1508%3E3.0.CO;2-7
https://doi.org/10.1002/1521-3757(20010417)113:8%3C1508::AID-ANGE1508%3E3.0.CO;2-7
https://doi.org/10.1002/1521-3773(20020703)41:13%3C2378::AID-ANIE2378%3E3.0.CO;2-E
https://doi.org/10.1002/1521-3773(20020703)41:13%3C2378::AID-ANIE2378%3E3.0.CO;2-E
https://doi.org/10.1002/1521-3773(20020703)41:13%3C2378::AID-ANIE2378%3E3.0.CO;2-E
https://doi.org/10.1002/1521-3757(20020703)114:13%3C2484::AID-ANGE2484%3E3.0.CO;2-Y
https://doi.org/10.1002/1521-3757(20020703)114:13%3C2484::AID-ANGE2484%3E3.0.CO;2-Y
https://doi.org/10.1002/1521-3757(20020703)114:13%3C2484::AID-ANGE2484%3E3.0.CO;2-Y
https://doi.org/10.1016/S0022-328X(02)01304-9
https://doi.org/10.1016/S0022-328X(02)01304-9
https://doi.org/10.1016/S0022-328X(02)01304-9
https://doi.org/10.1016/S0022-328X(03)00125-6
https://doi.org/10.1016/S0022-328X(03)00125-6
https://doi.org/10.1016/S0022-328X(03)00125-6
https://doi.org/10.1016/S0022-328X(03)00145-1
https://doi.org/10.1016/S0022-328X(03)00145-1
https://doi.org/10.1016/S0022-328X(03)00145-1
https://doi.org/10.1016/S0022-328X(03)00145-1
https://doi.org/10.1016/j.jorganchem.2003.07.024
https://doi.org/10.1016/j.jorganchem.2003.07.024
https://doi.org/10.1016/j.jorganchem.2003.07.024
https://doi.org/10.1002/anie.199619861
https://doi.org/10.1002/anie.199619861
https://doi.org/10.1002/anie.199619861
https://doi.org/10.1002/ange.19961081733
https://doi.org/10.1002/ange.19961081733
https://doi.org/10.1002/ange.19961081733
https://doi.org/10.1021/om00036a012
https://doi.org/10.1021/om00036a012
https://doi.org/10.1021/om00036a012
https://doi.org/10.1002/chem.200400723
https://doi.org/10.1002/chem.200400723
https://doi.org/10.1002/chem.200400723
https://doi.org/10.1021/ol0529851
https://doi.org/10.1021/ol0529851
https://doi.org/10.1021/ol0529851
https://doi.org/10.1002/anie.200502067
https://doi.org/10.1002/anie.200502067
https://doi.org/10.1002/anie.200502067
https://doi.org/10.1002/anie.200502067
https://doi.org/10.1002/ange.200502067
https://doi.org/10.1002/ange.200502067
https://doi.org/10.1002/ange.200502067
https://doi.org/10.1039/C5CC03096J
https://doi.org/10.1039/C5CC03096J
https://doi.org/10.1039/C5CC03096J
https://doi.org/10.1039/C5CC03096J
https://doi.org/10.1002/chem.200900324
https://doi.org/10.1002/chem.200900324
https://doi.org/10.1002/chem.200900324
https://doi.org/10.1002/anie.201603177
https://doi.org/10.1002/anie.201603177
https://doi.org/10.1002/anie.201603177
https://doi.org/10.1002/anie.201603177
https://doi.org/10.1002/ange.201603177
https://doi.org/10.1002/ange.201603177
https://doi.org/10.1002/ange.201603177
https://doi.org/10.1002/adma.201004554
https://doi.org/10.1002/adma.201004554
https://doi.org/10.1002/adma.201004554
https://doi.org/10.1002/adma.201004554
http://www.chemeurj.org

