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Abstract: After pretreatment with nitric acid and trifluoroacetic an-
hydride, aqueous potassium cyanide converted pyridines 1a–l into
their corresponding 2-cyano derivatives 4a–l in an average yield of
52%.

Key words: pyridines cyanation, concd nitric acid, TFAA, potassi-
um cyanide

Cyanopyridines are widely used in the preparation of the
corresponding acids,1,2 aldehydes,3,4 ketones,5 and as im-
portant synthetic intermediates for the synthesis of herbi-
cides, pesticides, fungicides,6 and pharmaceuticals.7

Some substituted cyanopyridines are themselves biologi-
cally active.6 2-Cyanopyridine is also useful as starting
material for complex heterocyclic compounds.8,9

Three main approaches are currently available for the
preparation of 2-cyanopyridines (Scheme 1):

i) Ammoxidation of A) 2-methylpyridines;7,10 B) pyridine
2-aldehydes.11–13

ii) Reactions of cyanide ion with: A) activated pyridine N-
oxides;14–18 B) N-alkyl;19 C) N-acyl-pyridinium cations;14

D) N-aminopyridinium cations;20 E) 2-halopyridines.21

iii) Dehydration, decarboxylation and/or oxidation of: A)
primary amides;22,23 B) primary alcohols;24,25 C) 2-pyri-
dylacetic esters, oximinocarbonates and carbamates;26 D)
pyridine-2-aldehyde and 2-acylpyridine N,N-dimethylhy-
drazones;27 E) dehydration of pyridine-2-oximes.28–33

The parent 2-, 3- and 4-cyanopyridines are themselves
each produced on an industrial scale in large quantities by
ammoxidation of the corresponding picolines. However,
this method shows poor selectivity with respect to a par-
ticular methyl group when applied to lutidines and it is not
applicable to most functionalized methylpyridines.

Scheme 1
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On a laboratory scale, a cyano group is frequently intro-
duced into the 2- and/or 4- position of a pyridine ring by a
variant of method (ii), i.e., treatment of an activated pyri-
dine ring with cyanide ion and the cyanopyridines formed
result from an addition-elimination process. Commonly
this has been achieved by treatment of pyridine-1-oxides
with an alkylating or acylating agent plus a source of cya-
nide ions.

Recently methods have been reported for the one-pot con-
version of pyridines to the 2-cyanopyridines by in situ ac-
tivation: direct cyanation of pyridine with dicyanogen
gives a mixture of 2-, 3- and 4-cyanopyridines.34 Direct
conversion of pyridine to 2-cyanopyridine in 27% yield
was reported in a recent patent.6

The present research started with the objective of activat-
ing the pyridine nitrogen to generate a pyridinium species
in situ, to promote subsequent nucleophilic attack by cya-
nide ion to produce cyanopyridines. Bakke and cowork-
ers,35 have described N-nitropyridinium ions as
intermediates for the direct nitration of pyridines in ni-
tromethane or sulfur dioxide to afford nitropyridines us-
ing dinitrogen pentoxide as the nitrating agent. While
dinitrogen pentoxide, is difficult to prepare and unstable,
it does ionize in organic solvents like CCl4.

We sought to generate dinitrogen pentoxide in situ, under
conditions in which it would react readily with a pyridine
to give the corresponding N-nitropyridinium salt as an in-
termediate. This intermediate could then be treated with
KCN to form the corresponding cyanopyridines
(Scheme 2).

We now report a general one-pot conversion of a series of
pyridines to 2-cyanopyridines, which avoids the prepara-
tion of N-oxides or isolation of any other intermediate.
Moreover, the 2-cyanoderivatives are formed regioselec-
tively. The conversion of pyridines 1a–l with KCN to 2-
cyanopyridines 4a–l, pre-treated with nitric acid and in
trifluoroacetic anhydride, were achieved in an average
yield of 52%.

Dinitrogen pentoxide can be produced by removing one
mole of water from two moles of nitric acid.36 This
prompted us to carry out the reaction in trifluoroacetic an-
hydride, which could act as a solvent and dehydrating
agent. Indeed this sequence succeeds.

By standardizing with pyridine as substrate, it was found
optimum to first dissolve the pyridine in trifluoroacetic
anhydride under chilled conditions followed by slow ad-
dition of concentrated nitric acid to the mixture. This so-
lution was then added dropwise to aqueous KCN buffered
with NaOAc at 0 °C to give 2-cyanopyridine (Scheme 3).

The optimum reaction time was also standardized at 3
hours for the nitric acid treatment and the reaction mixture
was allowed to stand at room temperature for 18 hours af-
ter addition to buffered KCN. 

Cyanations, under the optimized reaction conditions,
were carried out on picolines, lutidines, halopyridines,
acylpyridines and even acid sensitive substrates like nico-

tinic acid ester, to afford one-pot syntheses of the corre-
sponding 2-cyanopyridine (Table 1). All the products
were characterized by comparison with melting points of
the known compounds (wherever data is available) and by
elemental analysis. The structures of all compounds were
confirmed using 1D NOE difference, proton-coupled 13C
NMR, gHMQC and gHMBC experiments.

No direct cyanation of the pyridines (4a–l) has been re-
ported. All previous methods used have involved multiple
steps, with detriment to the final yield (see Table 1). For
example, the reported syntheses of 3-chloro-2-cyanopyri-
dine start with either (i) 2,3-dichloropyridine, not easily
prepared in the laboratory from 3-chloropyridine or (ii) 3-
chloropyridine N-oxide and which gives the desired 2,3-
isomer in 45% yield mixed with the 3,5-isomer.

We consider a plausible mechanism for this reaction to in-
volve initial formation of an N-nitropyridinium salt 1,
which is known to be formed in similar reactions of py-
ridines with dinitrogen pentoxide as shown by Bakke.37

The N-nitropyridinium salt then undergoes a 1,2-addition
of cyanide ion to give ‘pseudocyanide’ 2. Intermediate 2
readily undergoes elimination with the formal loss of ni-
trous acid to form the cyanopyridine 3. This mechanism is
closely analogous to that of the Reissert–Henze reaction.38

The NO2 moiety is remarkable in that it as the nitronium
ion attacks as an excellent electrophile, and departs as ni-
trite, a good leaving group.

Scheme 2

Scheme 3

Thus pyridines 1a–l, pretreated with nitric acid and tri-
fluoroacetic anhydride, were added to potassium cyanide–
NaOAc buffer solution to give the corresponding 2-cyan-
opyridines 4a–l in an average yield of 52%.

Melting points are uncorrected. 1H NMR and 13C NMR spectra in
CDCl3 (TMS as internal standard) were recorded on a Varian Mer-
cury 300 MHz NMR. The gHMQC and gHMBC experiments were
performed without spinning and acquired with several spectral
widths. The GARP pulse sequence was used for decoupling. The
FID’s were processed using Gauss and Gauss-shifted weighting
functions before Fourier transformation.

Preparation of 2-Cyanopyridines; General Procedure
Trifluoroacetic anhydride (10 mL, 42 mmol) was chilled in an ice
bath and the pyridine or substituted pyridine (17 mmol) was slowly
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added. After 1 h, concd nitric acid (1.9 mL, 36 mmol) was added
dropwise under cooling. After stirring for 2–3 h at r.t., the solution
was dripped slowly into chilled aq solution of KCN (8.4 g) and
NaOAc (8.1 g). After 12 h, the pH of the solution was checked to be
6–7 and extracted with CH2Cl2 to give the pure cyanopyridines 4a–
l. All the compounds have been purified by column chromatogra-
phy on silica gel using EtOAc–hexane (1:1).

2-Pyridinecarbonitrile (4a)
Yield: 72%; yellow oil.
1H NMR: d = 7.63 (dd, J = 7.7, 1.3 Hz, 1 H), 7.78 (ddd, J = 7.7, 1.3,
0.9 Hz, 1 H), 7.95 (td, J = 7.7 Hz, 1.8 Hz, 1 H), 8.76 (ddd, J = 4.9,
1.8, 0.9 Hz, 1 H).
13C NMR: d = 117.0, 126.8, 128.2, 133.3, 137.0, 151.0.

Anal. Calcd for C6H4N2: C, 69.22; H, 3.87; N, 26.92. Found: C,
68.83; H, 3.80; N, 26.89.

3-Methyl-2-pyridinecarbonitrile (4b)
Yield: 75%; yellow prisms; mp 83.5 °C (Lit.15 mp 84.0–86.0 °C).
1H NMR: d = 2.58 (s, 3 H), 7.43 (dd, J = 4.8, 8.0 Hz, 1 H), 7.69 (dd,
J = 1.6, 8.0 Hz, 1 H), 8.55 (d, J = 4.8 Hz, 1 H).
13C NMR: d = 18.6, 116.3, 126.5, 134.0, 138.0, 138.4, 148.4.

Anal. Calcd for C7H6N2: C, 71.19; H, 5.12; N, 23.73. Found: C,
71.41; H, 5.11; N, 23.76.

4-Methyl-2-pyridinecarbonitrile (4c)
Yield: 42%; yellow prisms; mp 87.0 °C.
1H NMR: d = 2.44 (s, 3 H), 7.34 (d, J = 4.9 Hz, 1 H), 7.53 (br s, 1
H), 8.57 (d, J = 4.9 Hz, 1 H).
13C NMR: d = 20.8, 117.3, 127.8, 129.3, 133.7, 148.7, 150.7.

Anal. Calcd for C7H6N2: C, 71.19; H, 5.12; N, 23.73. Found: C,
71.41; H, 5.15; N, 23.81.

3,5-Dimethyl-2-pyridinecarbonitrile (4d)
Yield: 82%; yellow prisms; mp 61.5 °C.
1H NMR: d = 2.39 (s, 3 H), 2.52 (s, 3 H), 7.48 (dq, J = 1.3, 0.7 Hz,
1 H), 8.35 (dq, J = 1.3, 0.7 Hz, 1 H).
13C NMR: d = 18.4, 18.5, 116.5, 131.0, 137.2, 137.8, 138.3, 149.0.

Anal. Calcd for C8H8N2: C, 72.68; H, 6.10; N, 21.20. Found: C,
72.11; H, 6.03; N, 21.21.

3,6-Dimethyl-2-pyridinecarbonitrile (4e)
Yield: 45%; yellow oil.
1H NMR: d = 2.52 (s, 3 H), 2.56 (s, 3 H), 7.29 (br d, J = 7.9 Hz, 1
H), 7.57 (br d, J = 7.9 Hz, 1 H).
13C NMR: d = 18.0, 23.7, 116.5, 126.6, 132.8, 135.3, 138.2, 145.2,
157.5.

Anal. Calcd for C8H8N2: C, 72.68; H, 6.10; N, 21.20. Found: C,
72.80; H, 6.10; N, 21.23.

3-Ethyl-2-pyridinecarbonitrile (4f)
Yield: 78%; yellow oil.
1H NMR: d = 1.33 (t, J = 7.6 Hz, 3 H), 2.90 (q, J = 7.9 Hz, 2 H), 7.47
(dd, J = 7.9, 4.6 Hz, 1 H), 7.69 (d, J = 7.9 Hz, 1 H), 8.55 (d, J = 4.6
Hz, 1 H).
13C NMR: d = 14.8, 26.1, 116.2, 127.1, 133.6, 136.9, 144.5, 148.7.

Anal. Calcd for C8H8N2: C, 72.68; H, 6.10; N, 21.20. Found: C,
72.13; H, 6.15; N, 21.30.

3-Chloro-2-pyridinecarbonitrile (4g)
Yield: 55%; yellow prisms; mp 83.0–84.0 °C (Lit.49 mp 83.0–84.0
°C).
1H NMR: d = 7.53 (dd, J = 8.2, 4.6 Hz, 1 H), 7.90 (dd, J = 1.2, 8.2
Hz, 1 H), 8.63 (dd, J = 1.2, 4.6 Hz, 1 H).
13C NMR: d = 114.5, 127.5, 133.1, 135.9, 137.6, 148.7.

Anal. Calcd for C6H3ClN2: C, 52.01; H, 2.18; N, 20.22. Found: C,
52.09; H, 2.02; N, 20.02.

3-Bromo-2-pyridinecarbonitrile (4h)
Yield: 81%; yellow prisms; bp 119.5 °C/3 Torr (Lit.41 bp 120.0 °C/
3 Torr).
1H NMR: d = 7.43 (dd, J = 8.2, 4.5 Hz, 1 H), 8.04 (d, J = 8.2 Hz, 1
H), 8.66 (d, J = 4.5 Hz, 1 H).
13C NMR: d = 115.6, 124.5, 127.6, 135.2, 140.6, 149.0.

Table 1 Preparation of Cyanopyridines 4a–l and Previous Litera-
ture

Product R Yield (%) Literature

Yield 
(%)

Method 
(Scheme 1)

Ref.

4a H 72 f (ii)-A 39

f (ii)-A 40

4b 3-CH3 75 c (ii)-A 41

f (ii)-A 39

f (ii)-A 15

f (ii)-E 40

f (ii)-A 42

4c 4-CH3 42 f (ii)-A 39

f (ii)-A 40

4d 3,5-di-CH3 82 f (ii)-A 43

4e 3,6-di-CH3 45 f a 44

4f 3-C2H5 78 d (ii)-A 41

4g 3-Cl 55 85g (ii)-A 41

47g (ii)-A 45

4h 3-Br 81 86 (ii)-A 41

4i 5-COCH3 10 25 (ii)-A 46

4j 4-COCH3 53 26 b 47

4j¢ 22e

4k 5-CO2C2H5 20 51g (ii)-A 41

4l 4-(4¢-pyridyl) 20 90g (ii)-A 48

a Prepared by ring cyclization.
b Prepared from dicyanopyridines.
c 93% Crude yield of mixture of isomers reported to be inseparable.
d 94% Crude yield of mixture of isomers reported to be inseparable.
e The product is a cyanohydrin.
f No yield quoted in the original reference.
g The reported yield is starting from pyridine-N-oxides, the overall 
yield from pyridine itself being comparable to our method.
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Anal. Calcd for C6H3BrN2: C, 39.38; H, 1.46; N, 15.07. Found: C,
39.56; H, 6.15; N, 21.30.

5-Acetyl-2-pyridinecarbonitrile (4i)
Yield: 10%; yellow prisms; mp 54.5 °C (Lit.46 mp 55.0–56.0 °C).
1H NMR: d = 2.70 (s, 3 H), 7.83 (d, J = 8.1 Hz, 1 H), 8.36 (dd, J =
8.1, 2.2 Hz, 1 H), 9.23 (dd, J = 2.2, 1.1 Hz, 1 H).
13C NMR: d = 26.9, 116.5, 128.4, 133.8, 136.5, 136.8, 150.7, 195.1.

Anal. Calcd for C8H6N2O: C, 65.75; H, 4.14; N, 19.17. Found: C,
65.37; H, 4.05; N, 19.03.

4-Acetyl-2-pyridinecarbonitrile (4j)
Yield: 53%; yellow prisms; mp 101.5 °C (Lit.47 mp 101.0–102.0
°C).
1H NMR: d = 2.68 (s, 3 H), 7.95 (dd, J = 5.1, 1.7 Hz, 1 H), 8.13 (dd,
J = 1.7, 0.8 Hz, 1 H), 8.94 (dd, J = 5.1, 0.8 Hz 1 H).
13C NMR: d = 26.6, 116.6, 124.4, 126.1, 143.6, 152.4, 194.9.

Anal. Calcd for C8H6N2O: C, 65.75; H, 4.14; N, 19.17. Found: C,
65.75; H, 4.03; N, 18.99.

4-Pyridineglycolonitrile, a-Methyl (4j¢)
Yield: 22%; white prisms; mp 121.0 °C.
1H NMR: d = 1.86 (s, 3 H), 7.51 (br s, OH, 1 H), 7.53 (AA¢BB¢,
JAB = 6.1 Hz, 2 H), 8.42 (AA¢BB¢, JAB = 6.1 Hz, 2 H).
13C NMR: d = 31.0, 69.1, 119.9, 120.9, 149.1, 151.8.

Anal. Calcd for C8H8N2O: C, 64.83; H, 5.44; N, 18.91. Found: C,
64.89; H, 5.35; N, 18.82.

5-Ethoxycarbonyl-2-pyridinecarbonitrile (4k)
Yield: 20%; yellow prisms; mp 47.0 °C.
1H NMR: d = 1.44 (t, J = 7.1 Hz, 3 H), 4.47 (q, J = 7.1 Hz, 2 H), 7.81
(d, J = 8.0 Hz, 1 H), 8.45 (dd, J = 8.0, 2.1 Hz, 1 H), 9.29 (dd, J =
2.1, 1.1 Hz, 1 H).
13C NMR: d = 14.1, 62.3, 116.5, 128.0, 128.9, 136.8, 138.0, 151.8,
163.6.

Anal. Calcd for C9H8N2O2: C, 61.36; H, 4.58; N, 15.90. Found: C,
61.31; H, 4.55; N, 15.78.

4-(4¢-Pyridyl)-2-pyridinecarbonitrile (4l)
Yield: 20%; yellow prisms; mp 238.5 °C (Lit.48 mp 238.0–240.0
°C).
1H NMR: d = 7.55 (AA¢BB¢, JAB = 6.0 Hz, 2 H), 7.77 (dd, J = 8.2,
5.2 Hz, 1 H), 7.95 (s, 1 H), 8.82 (AA¢BB¢, JAB = 6.0 Hz, 2 H), 8.86
(d, J = 5.2 Hz, 1 H).
13C NMR: d = 116.9, 121.2, 124.5, 126.2, 135.0, 143.3, 147.2,
151.0, 151.9.

Anal. Calcd for C11H7N3: C, 72.91; H, 3.90; N, 23.19. Found: C,
72.04; H, 3.90; N, 22.86.

References

(1) Werstiuk, N. H.; Ju, C. Can. J. Chem. 1989, 67, 5.
(2) Belokon, Y. N.; Tararov, V. I.; Savel’eva, T. F.; Vitt, S. V.; 

Paskonova, E. A.; Dotdayev, S. C.; Borisov, Y. A.; 
Struchkov, Y. T.; Batasanov, A. S.; Belikov, V. M. Inorg. 
Chem. 1988, 27, 4046.

(3) Cha, J. S.; Yoon, M. S. Tetrahedron Lett. 1989, 30, 3677.
(4) Uno, T. Jpn. Patent, JP 10259180, 1998; Chem. Abstr. 1998, 

129, 260349.
(5) Reimann, E.; Ziegon, H.-L. Liebigs Ann. Chem. 1976, 

13511356.

(6) Murugan, R.; Scriven, E. F. V.; Hillstrom, G. F.; Ghoshal, P. 
K. Int. Patent, WO 2002090328, 2002; Chem. Abstr. 2002, 
137, 352895.

(7) Verma, P. K.; Agarwal, A. Int. Patent, WO 2003022819, 
2003; Chem. Abstr. 2003, 138, 239701.

(8) Abarca, B.; Ballesteros, R.; Chadlaoui, M. ARKIVOC 2002, 
x, 52.

(9) Brun, E. M.; Gil, S.; Parra, M. ARKIVOC 2002, x, 80.
(10) Luecke, B.; Martin, A.; Seeboth, H.; Ladwig, G.; Parlitz, B.; 

French, J. German (East) Patent, DD 241903, 1987; Chem. 
Abstr. 1987, 107, 175674.

(11) Chen, F.-E.; Fu, H.; Meng, G.; Cheng, Y.; Lü, Y.-X. 
Synthesis 2000, 1519.

(12) Ikeda, I.; Machh, Y.; Okahara, M. Synthesis 1978, 301.
(13) Talukdar, S.; Hsu, J.-L.; Chou, T.-C.; Fang, J.-M. 

Tetrahedron Lett. 2001, 42, 1103.
(14) Fife, W. K.; Scriven, E. F. V. Heterocycles 1984, 22, 2375.
(15) Vorbrüggen, H.; Krolikiewicz, K. Synthesis 1983, 316.
(16) Fife, W. K. J. Org. Chem. 1983, 48, 1375.
(17) Katritzky, A. R.; Sammes, M. P. J. Chem. Soc., Chem. 

Commun. 1975, 247.
(18) Morita, T.; Kuroda, K.; Okamoto, Y.; Sakurai, H. Chem. 

Lett. 1981, 921.
(19) Fife, W. K.; Boyer, B. D. Heterocycles 1984, 22, 1121.
(20) Sammes, M. P.; Wah, H. K.; Katritzky, A. R. J. Chem. Soc., 

Perkin Trans. 1 1977, 327.
(21) Riordan, P. D.; Amin, M. R.; Jackson, T. H. Int. Patent, WO 

20011017970, 2001; Chem. Abstr. 2001, 134, 222635.
(22) Calderwood, D. J.; Davies, R. V.; Rafferty, P.; Twigger, H. 

L.; Whelan, H. M. Tetrahedron Lett. 1997, 38, 1241.
(23) Katritzky, A. R.; Lapucha, A. R.; Siskin, M. Energy Fuels 

1990, 4, 555.
(24) Chen, F.-E.; Li, Y.-Y.; Xu, M.; Jia, H.-Q. Synthesis 2002, 

1804.
(25) McAllister, G. D.; Wilfred, C. D.; Taylor, R. J. K. Synlett 

2002, 1291.
(26) Kim, H. Y.; Lantrip, D. A.; Fuchs, P. L. Org. Lett. 2001, 3, 

2137.
(27) Rudler, H.; Denise, B.; Masi, S. C. R. Acad. Sci., Ser. IIc: 

Chim. 2000, 3, 793.
(28) Barman, D. C.; Thakur, A. J.; Prajapati, D.; Sandhu, J. S. 

Chem. Lett. 2000, 1196.
(29) Tamami, B.; Kiasat, A. R. Synth. Commun. 2000, 30, 235.
(30) Jose, B.; Sulatha, M. S.; Pillai, P. M.; Prathapan, S. Synth. 

Commun. 2000, 30, 1509.
(31) Iranpoor, N.; Zeynizadeh, B. Synth. Commun. 1999, 29, 

2747.
(32) Tamami, B.; Kiasat, A. R. J. Chem. Res., Synop. 1999, 444.
(33) Kristinsson, H. Synthesis 1979, 102.
(34) So, Y.-H.; Miller, L. L. J. Am. Chem. Soc. 1980, 102, 7119.
(35) Bakke, J. M. Pure Appl. Chem. 2003, 75, 1403.
(36) Millar, R. W.; Colclough, M. E.; Golding, P.; Honey, P. J.; 

Paul, N. C.; Sanderson, A. J.; Stewart, M. J. Phil. Trans. R. 
Soc. Lond. A 1992, 339, 305.

(37) Bakke, J. M.; Riha, J. Acta Chem. Scand. 1999, 53, 356.
(38) Fife, W. K.; Scriven, E. F. V. Heterocycles 1984, 22, 2375.
(39) Shuman, R. T.; Ornstein, P. L.; Paschal, J. W.; Gesellchen, 

P. D. J. Org. Chem. 1990, 738.
(40) Fife, W. K. J. Org. Chem. 1983, 48, 1375.
(41) Sakamoto, T.; Kaneda, S.-I.; Nishimura, S.; Yamanaka, H. 

Chem. Pharm. Bull. 1985, 33, 565.
(42) Crabb, T. A.; Heywood, G. C. Org. Magn. Reson. 1982, 20, 

242.
(43) Hagiwara, K.; Aihara, T.; Tanigawa, H.; Sano, S.; Shimoda, 

S.; Sano, H. Int. Patent, WO 9902518, 1999; Chem. Abstr. 
1999, 130, 95555.

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f Q

ue
en

sl
an

d.
 C

op
yr

ig
ht

ed
 m

at
er

ia
l.



PAPER Preparation of Cyanopyridines by Direct Cyanation 997

Synthesis 2005, No. 6, 993–997 © Thieme Stuttgart · New York

(44) Fleury, J.-P.; Desbois, M.; See, J. Bull. Soc. Chim. Fr. 1978, 
147.

(45) Burgey, C. S.; Robinson, K. A.; Lyle, T. A.; Sanderson, P. 
E. J.; Lewis, S. D.; Lucas, B. J.; Krueger, J. A.; Singh, R.; 
Miller-Stein, C.; White, R. B.; Wong, B.; Lyle, E. A.; 
Williams, P. D.; Coburn, C. A.; Dorsey, B. D.; Barrow, J. C.; 
Stranieri, M. T.; Holahan, M. A.; Sitko, G. R.; Cook, J. J.; 
McMasters, D. R.; McDonough, C. M.; Sanders, W. M.; 
Wallace, A. A.; Clayton, F. C.; Bohn, D.; Leonard, Y. M.; 
Detwiler, T. J.; Lynch, J. J.; Yan, Y.; Chen, Z.; Kuo, L.; 

Gardell, S. J.; Shafer, J. A.; Vacca, J. P. J. Med. Chem. 2003, 
46, 461.

(46) Hartmann, R. W.; Frotscher, M. Arch. Pharm. Pharm. Med. 
Chem. 1999, 358.

(47) Skála, V.; Kuthan, J.; Dědina, J.; Schraml, J. Collect. Czech. 
Chem. Commun. 1974, 39, 834.

(48) Brunner, H.; Störiko, R.; Rominger, F. Eur. J. Inorg. Chem. 
1998, 771.

(49) Stanovic, B.; Tišler, M. Org. Prep. Proced. Int. 1972, 4, 55.

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f Q

ue
en

sl
an

d.
 C

op
yr

ig
ht

ed
 m

at
er

ia
l.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


