
Russian Chemical Bulletin, International Edition, Vol. 68, No. 6, pp. 1293—1297, June, 2019 1293

Published in Russian in Izvestiya Akademii Nauk. Seriya Khimicheskaya,  No. 6, pp. 1293—1297, June, 2019.
1066-5285/19/6806-1293 © 2019 Springer Science+Business Media, Inc.

Reductive bromination of N,N-bis(4-tert-butylphenyl)hydroxylamine 

V. A. Golubeva  and Yu. D. Kimb

аInstitute of Problems of Chemical Physics, Russian Academy of Sciences, 
1 prosp. Akad. Semenova, 142432 Chernogolovka, Moscow Region, Russian Federation. 

Fax: +7 (496) 515 5420. Е-mail: vgolubev@icp.ac.ru
bM. V. Lomonosov Moscow State University,

1 Leninskie Gory, 119991 Moscow, Russian Federation. 
Е-mail: yula.me.kim@gmail.com

Unlike most arenes, N,N-bis(4-tert-butylphenyl)hydroxylamine reacts with Br2 via the 
reductive bromination mechanism. Here, two hydrogens in ortho positions of benzene rings are 
substituted by Br2 and provide two-electron reduction of hydroxylamine to amine.
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genation.

Most arenes react with halogens via the electrophilic 
substitution mechanism.1,2 A known exception comprises 
diarylnitroxyl radicals reacting with halogens via reductive 
halogenation.3—5 This process involves three-electron 
reduction of the nitroxyl group and formation of corre-
sponding diarylamines. We found that the reductive 
halogenation reaction involves not only radicals but dia-
magnetic diarylhydroxylamines as well. So, the reaction 
of N,N-bis(4-tert-butylphenyl)hydroxylamine (1) with Br2 
in the equimolar amounts produces dibromoamine 3 (yield 
94±2%, Scheme 1) rather than bromohydroxylamine 2 
and HBr.

The reductive halogenation mechanism of arenes has 
not been fully revealed yet. So, the authors of study,3 which 
describes the synthesis and properties of diphenylnitroxyl 
radical, suppose that bromine reduces this radical to tri-
bromodiphenylamine, whose reaction with Br2 excess 
yields fi nal tetrabromodiphenylamine. The authors of 
monograph6 suggest an alternative reductive bromination 
mechanism for this radical. According to their hypothesis, 
diphenylnitroxyl initially disproportionates into N-phenyl-
quinone imine-N-oxide and diphenylamine. The latter 
reacts with Br2 to yield tetrabromodiphenylamine. However, 
such mechanism is not evidenced by releasing N-phenyl-

quinone imine-N-oxide or derivatives thereof. The reac-
tion of bis(4-tert-butylphenyl)amineoxyl with Br2 yields 
dibromoamine 3 and corresponding tribromoamine in 
comparable amounts.4 The authors of study4 supposed 
that the reductive bromination of this radical involves 
formation of intermediate bromohydroxylamine 2 and 
dibromodiphenylaminyl radical.

Being stoichiometrically simple, the reaction of hydr-
oxylamine 1 with Br2 is a convenient model reaction to 
study the reductive bromination of arenes. The major goal 
of our work is to reveal the mechanism of this unusual 
reaction.

Results and Discussion

The structure of dibromoamine 3 was identifi ed by IR, 
UV, and NMR spectra. The spectra of the synthesized 
compound are identical to those of dibromoamine 3, which 
we obtained via bromination of bis(4-tert-butylphenyl)-
amine (4) and corresponding nitroxyl radical.4 In relation 
to hydroxylamine 1, bromine acts simultaneously as 
a brom inating and two-electron reducing agent. The re-
ductive bromination rate of hydroxylamine 1 is much 
higher than that of its electrophilic bromination to bromo-

Scheme 1
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hydroxylamine 2. We did not detect the latter among the 
reaction products. The conversion of hydroxylamine 1 to 
dibromoamine 3 involves the intermediate complex A 
forming via Scheme 2 immediately upon mixing the 
reagents. 

Scheme 2

The UV spectrum of complex A shows two absorption 
bands in the range from 250 to 700 nm. The fi rst band with 
λmax = 406 nm (Fig. 1) accounts for the brown reddish 
color of the reaction solution. The peak of this absorption 
band is close to that of Br2 (422 nm). However, the extinc-
tion coeffi  cient (ε ~ 3600 L mol–1 cm–1) of this band of 
the complex is 16 times higher than that of Br2. The ab-
sorption of complex A almost completely masks that of 
Br2. The band intensity of the complex rapidly decreases 
upon its conversion to dibromoamine 3. The half-life of this 
conversion is ~3.5 min at [1]0 = [Br2]0 = 2•10–3 mol L–1 
and 25 °С.

The second band of complex A with λmax = 308 nm is 
red-shifted by 26 nm in relation to the absorption band of 

hydroxylamine 1 at λmax = 282 nm (Fig. 2). During the 
reaction time (50 s), the absorption intensity of hydroxyl-
amine 1 at λ = 260 nm decreases by ca. 16% upon its 
conversion to complex A. The extinction coeffi  cient of 
complex A in the absorption band at 308 nm was calculated 
by the Lambert—Beer formula as ~81000 L mol–¹ cm–¹ 
that was 11 times higher than that of hydroxylamine 1. 
Note that all the absorption curves of the reaction mixture, 
aside from those corresponding to the starting period, pass 
through the isosbestic point at λiso = 294 nm. 

The reductive bromination mechanism of hydroxyl-
amine 1 principally diff ers from the known electrophilic 
bromination mechanism of arenes via intermediate π- and 
σ-complexes.1,2 The structures of these complexes are 
unambiguously determined by the X-ray structural data.7,8 
In π-complexes, Br2 molecules are arranged almost per-
pendicularly to the aromatic ring plane and coordinated 
by С—С bonds with the highest electron density. At the 
reaction rate determining step, π-complexes turn into 
σ-complexes, which are brominated carbocations. The 
latter react with Br– anion to yield bromoarenes and HBr. 
So bromination of arenes via electrophilic mechanism 
consumes only a half of bromine amount for the synthesis 
of bromoarenes. The electrophilic bromination is not 
selective as it always yields a mixture of isomers.

Unlike common π-complexes, Br2 molecule in com-
plex A is apparently coordinated by two benzene rings of 
hydroxylamine 1. In the reaction rate determining step, 
two benzene hydrogens in ortho positions of the complex 
are substituted by bromine atoms and transferred to NOH 
group to reduce it to an amino group. Simultaneously, 
formed dibromoamine 3 releases water. This mechanism 
is evidenced with a high selectivity of reductive bromina-
tion yielding sole ortho-isomer of dibromoamine 3. More-

Fig. 1. Absorption spectra of Br2 and products of its reaction with 
N,N-bis(4-tert-butylphenyl)hydroxylamine (1) in CCl4 at 25 °С. 
[Br2]0 = [1]0 = 2•10–3 mol L–1, 1.00 cm cuvette, reaction time, 
min: 0.7 (1), 1.06 (2), 1.41 (3), 1.77 (4), 2.12 (5), 2.47 (6), 
2.82 (7), 3.17 (8), 3.52 (9), 3.87 (10), 4.22 (11), 4.57 (12), 4.92 (13), 
5.27 (14), 5.62 (15), 10.8 (16), 16.7 (17), 22.7 (18), 30.7 (19), 
40.7 (20), 50.7 (21), 62 (22), 73 (23), 121 (24), and 251 (25).
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Fig. 2. Absorption spectra of N,N-bis(4-tert-butylphenyl)hydr-
oxyl amine (1) and products of its reaction with Br2 (1—10) in 
CCl4. [Br2]0 = [1]0 = 7•10–4 mol L–1, 0.10 cm cuvette, reaction 
time, min: 0 (0), 0.8 (1), 1.8 (2), 2.6 (3), 4.3 (4), 11.3 (5), 18.7 (6), 
23.7 (7), 31.8 (8), 39.5 (9), and 47 (10).
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over, the presence of an isosbestic point in the absorption 
curves evidences the direct conversion of complex A to 
the fi nal product. Unlike the electrophilic mechanism, 
both bromine atoms are consumed for the synthesis of 
bromoarenes  via the reductive bromination.

The reaction of hydroxylamine 1 with Br2 yields, along 
with dibromoamine 3, fi ve by-products, which are HPLC 
detectable. Three chromatographic peaks at Vret 355, 630, 
and 755 μL are attributed to amine 4, bromoamine 5, and 
tribromoamine 6, whose yield is 0.8, 0.3, and 0.8 mol.%, 
respectively.

The structures of these substances were established on 
the basis of the identity of their UV and NMR spectra and 
those of the available samples.4,8 Amine 4 exists as an 
impurity in the starting hydroxylamine 1. Apparently, 
bromoamine 5 is formed via bromination of amine 4, while 
tribromoamine 6 is formed by bromination of dibromo-
amine 3. The bromination mechanism of amines 3 and 4 
is likely electrophilic substitution as it releases the equiv-
alent amount of HBr.

Aside of these impurities, the reaction yields tribromo-
amine 7 and quinone imine 9 (0.2 and 1 mol.%, res-
pectively).

Tribromoamine 7 was detected chromatographically 
at Vret = 720 μL and identifi ed by ¹Н NMR. The spectrum 
of the obtained compound shows a singlet signal of two 
tert-butyl groups (δ 1.24) and a singlet signal of NH 
(δ 5.46). The benzene ring with one bromine atom shows 
the signals of three protons. The doublet-doublet signal 
at δ 6.77 (J = 1.8 and 8.2 Hz) is attributed to Н(6´), the 
doublet signal at δ 6.42 (J = 8.2 Hz) is attributed to Н(5´), 
and the doublet signal at δ 6.73 (J = 1.8 Hz) is attributed 
to Н(2´). The benzene rings with two bromine atoms shows 
two doublet signals of Н(2) and Н(6) at δ 6.66 and 6.93 
(J = 2.0 Hz). Due to the steric hindrances caused by tert-
butyl groups, C—N bond twisting is complicated, Н(2) 
and Н(6) atoms appear in diff erent spatial environments 
and have diff erent chemical shifts. Tribromoamine 7 is 

probably formed by bromination of dibromoamine 8, 
which is a meta isomer of dibromoamine 3. As follows 
from the yield ratio of dibromoamine 3 and tribromo-
amine 7, the rate of Br2 addition in ortho position of 
benzene rings of hydroxylamine 1 is by ~500 times higher 
than that in meta position.

The structure of quinone imine 9 is evidenced by the 
mass, UV, and NMR spectra. The mass spectrum of this 
compound shows a peak of protonated molecular ion at 
m/z = 1027 and thirteen isotope peaks whose intensity 
ratio is closed to the theoretical ratio of isotope peaks for 
a molecule with six Br atoms. The UV spectrum of com-
pound 9 shows a band at λmax = 494 nm, which accounts 
for its red color, as well as an intense band at λmax = 276 nm, 
which is characteristic for phenylamines. The ¹Н NMR 
spectrum of quinone imine 9 shows three overlapping 
singlet signals at δ 1.25, 1.27, and 1.32 from four tert-
butyl groups and two singlet signals at δ 5.52 and 5.78 from 
two protons of the quinone imine moiety. Quinone imine 9 
comprises two diff erent benzene moieties each having 
three protons. See an assumable attribution of six signals 
from benzene protons in the Experimental section.

Apparently, dye 9 results from dimerization of hydr-
oxylamine 1 to intermediate quinone imine B, which is 
brominated to fi nal quinone imine 9 according to Scheme 3.

A probable catalyst for dimerization of hydroxylamine 
1 is HBr. As was noted in study,9 when aff ected by acids, 
hydroxylamine 1 does not only disproportionates but also 
yields quinone imine dyes. 

Therefore, the reaction of arenes with Br2 may occur 
not only via the electrophilic substitution mechanism but 
also via the reductive halogenation mechanism. To realize 
the latter, arenes should comprise readily reducible sub-
stituents such as hydroxylamine or nitroxyl groups.
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Experimental

N,N-Bis(4-tert-butylphenyl)hydroxylamine (1) synthesized 
according to the known technique9 and recrystallized from hex-
ane decomposed at 113—115  °С. According to ¹Н NMR, it 
comprised 3% bis(4-tert-butylphenyl)amine (4). Bromine (pure 
grade) was distilled under ambient pressure at b.p. 58 °С. Carbon 
tetrachloride was distilled on a 50-cm column with glass spirals 
at b.p. 76.5 °С.

IR refl ection spectra were recorded with a Spectrum 100 
instrument. NMR spectra were recorded in chloroform-d1 with 
a Bruker AIII spectrometer (500 MHz). UV spectra were re-
corded with a Specord UV–VIS and a Specord 210 instruments. 
ES mass spectra were recorded in a methanol solution with 
a Shimadzu LCMS 2020 instrument at the ionizing voltage of 
5 kV and temperature of 65 °С. The melting points were deter-
mined on a РНМК warm table. The chromatographic tests were 
carried out with a Millikhrom chromatograph, a UV detector at 
290 nm (column 2×64 mm, Separon C18, 5 μm), and aqueous 
90% MeCN eluent. The substance retention volumes (Vret/μL) 
were as follows: 1080 (3), 355 (4), 630 (5), 755 (6), 720 (7), and 
395 (9). The quantitative HPLC test was carried out by the peak 
intensities of these substances. The calibration used the know-
ingly impurity-free substances. Further, the reaction product was 
quantitatively tested by the amino group signal peak area ratio 
in ¹Н NMR at δ 6.26 (3), 5.59 (4), 5.93 (5), 5.96 (6), 5.46 (7), 
and 6.04 (unidentifi able substance). The thin-layer chromatog-
raphy used TLC Al Fluka plates with a 254 nm indicator. The 
substances were preparatively separated on a 10×105-mm column 
(Merck 9385 silica gel; 37—63 μm). The preparative TLC used 
200×200-mm plates coated with silica gel (1.5-mm layer) com-
prising a fl uorescent indicator. 

Reaction of N,N-bis(4-tert-butylphenyl)hydroxylamine (1) 
with Br2. Bromine (53.4 mg, 0.334 mmol) solution in CCl4 
(1 mL) was added to diarylhydroxylamine 1 (93.6 mg, 0.315 mmol) 
solution in CCl4 (1 mL) at 22 °С. The reaction mixture imme-
diately became brown-red. The color weakened in time and 
became pink in 20—30 min. The reaction solution was extracted 
with water (2 mL), which potentiometric titration detected HBr 

(0.011 mmol, 3.3 mol.% of Br2). The solvent (CCl4) was evapo-
rated under reduced pressure to yield the solid reaction product 
(137 mg). HPLC, Vret/μL (Irel (%)): 355 (10) 4, 395 (2.1) 9, 630 
(5.6) 5, 720 (0.8) 7, 755 (2.4) 6, 1080 (100) 3. According to the 
quantitative HPLC test, the product comprised dibromoamine 
3 (130±3 mg, 0.296 mmol, 94±2%). The reaction product com-
position was also determined by the ¹Н NMR signal area ratio 
in the range of 5.4 to 6.4 ppm. According to NMR data, the 
product comprised dibromoamine 3 (96.5%, amine 4 (0.8%), 
bromoamine 5 (0.3%), tribromoamine 6 (0.8%), tribromoamine 
7 (0.2%), and quinone imine 9 (1%). The reaction product was 
recrystallized from PriOH to obtain dibromoamine 3 (106 mg, 
77%). The mother liquor was evaporated to dry, the residue was 
dissolved in hexane, then the solution was put on a column with 
silica gel and eluated with hexane. The fi rst zone (Vret 10—20 mL) 
comprised primarily dibromoamine 3. The second zone 
(Vret 20—40 mL) was evaporated to yield a colorless product 
(5 mg) whose ¹Н NMR spectrum detected dibromide 3 (10%), 
monobromide 5 (47%), tribromide 6 (37%), and tribromide 7 
(5%). The second zone TLC (silica gel, hexane eluent) yielded 
monobromide 5 (m.p. 90  °С, 2 mg) and tribromide 6 (m.p. 
182 °С, 1.5 mg). The third chromatographic zone (Vret 40—60 mL) 
comprised primarily amine 4. The fourth (red) zone was eluated 
with a benzene—hexane (1  :  1) mixture, which evaporation 
yielded quinone imine dye 9 (0.9 mg).

Bis(2-bromo-4-tert-butylphenyl)amine (3). Colorless prism-
atic crystals, m.p. 163 °С (from PriOH); cf. Ref. 4: m.p. 163 °С. 
UV (EtOH), λmax/nm (ε): 287 (22700), 236 sh (9300), 208 
(39900). IR (refl ection), ν/cm–¹: 3389 (NH); 3038 (Ar); 2961, 
2900, 2866 (СН3); 1601, 1519 (Ar), 1331, 1262, 1116, 1036, 882, 
814, 712. ¹Н NMR, δ: 1.30 (s, 18 Н, С(СН3)3); 6.26 (s, 1 Н, 
NH); 7.21 (m, 4 H, H(5), H(6)); 7.56 (br. dd, 2 Н, Н(3), 
J = 1.8 Hz, J = 0.7 Hz).

N-(2-Bromo-4-tert-butylphenyl)-N-(4´-tert-butylphenyl)-
amine (5). Colorless crystals, m.p. 90 °С (from MeCN); cf. Ref. 4: 
m.p. 90 °С. UV (EtOH), λmax/nm (ε): 286 (21800), 238 sh (7530), 
202 (40140). ¹Н NMR, δ: 1.28 (s, 9 H, C(4)(CH3)3); 1.32 (s, 9 H, 
C(4´)(CH3)3); 5.93 (c, 1 H, NH); 7.07 (dm, 2 Н, Н(2´), H(6´), 
J = 8.6 Hz); 7.17 (m, 2 Н, Н(5), H(6)); 7.32 (dm, 2 Н, Н(3´), 
H(5´), J = 8.6 Hz); 7.51 (br. dd, 1 Н, Н(3), J = 1.5 Hz, J = 0.9 Hz).

N-(2,6-Dibromo-4-tert-butylphenyl)-N-(2´-bromo-4´-tert-
butylphenyl)amine (6). Colorless plate crystals, m.p. 182 °С (from 
heptane); cf. Ref. 4: m.p. 182 °С. UV (EtOH), λmax/nm (ε): 286 
(9380), 234 sh (18400), 208 (69300). ¹Н NMR, δ: 1.27 (s, 9 H, 
C(4´)(CH3)3); 1.32 (s, 9 H, C(4)(CH3)3); 5.96 (s, 1 H, NH); 
6.29 (d, 1 H, H(6´), J = 8.5 Hz); 7.10 (dd, 1 H, H(5´), J = 8.5 Hz, 
J =2.2 Hz); 7.52 (d, 1 Н, Н(3´), J = 2.2 Hz); 7.60 (s, 2 H, H(3), 
H(5)).

N-(3,5-Dibromo-4-tert-butylphenyl)-N-(3´-bromo-4´-tert-
butylphenyl)amine (7). ¹Н NMR, δ: 1.24 (s, 18 H, C(CH3)3); 5.46 
(s, 1 H, NH); 6.42 (d, 1 H, H(5´), J = 8.2 Hz); 6.66 (d, 1 H, 
H(2), J = 2.0 Hz); 6.73 (d, 1 H, H(2´), J = 1.8 Hz); 6.77 (dd, 1 Н, 
Н(6´), J = 8.2 Hz, J = 1.8 Hz); 6.93 (d, 1 Н, Н(6), J = 2.0 Hz).

N-(3´-Bromo-4´-tert-butylphenyl)-N´-(2´´-bromo-4´´-tert-
butyl phenyl)-3,5,7,10-tetrabromo-4,9-di-tert-butyl-1,6-di pheno-
quinone diimine (9). Red deliquescing crystals. UV (MeCN), nm 
(Аrel (%)): 494 (3.4), 298 (65), 276 (100), 253 (75), 241 (82), 206 
(321). ¹Н NMR, δ: 1.25, 1.27 and 1.32 (all s, 36 H, C(CH3)3); 
5.52 (s, 1 H, H(8)); 5.78 (s, 1 H, H(2)); 6.50 (d, 1 Н, Н(6ʺ), 
J = 8.4 Hz); 6.93 (dd, 1 H, H(6´), J = 8.2 Hz, J = 2.1 Hz); 7.06 
(d, 1 Н, Н(5´)), J = 8.2 Hz); 7.07 (br.s, 1 Н, Н(2´)); 7.13 (dd, 

Scheme 3
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1 Н, Н(5ʺ), J = 8.4 Hz, J = 1.7 Hz); 7.50 (d, 1 Н, Н(3ʺ), 
J = 1.7 Hz). Mass spectrum, m/z (Irel (%)): 1027 [М + Н]+ (12), 
1028 [М + 2]+ (7), 1029 [М + 3]+ (16), 1030 [М + 4]+ (22), 
1031 [М + 5]+ (45), 1032 [М + 6]+ (28), 1033 [М + 7]+ (100), 
1034 [М + 8]+ (72), 1035 [М + 9]+ (94), 1036 [М + 10]+ (54), 
1037 [М + 11]+ (46), 1038 [М + 12]+ (17), 1039 [М + 13]+ (15), 
1040 [М + 14]+ (9). С40Н44Br6N2. Calculated, m/z (Irel (%)): 
1026 [М]+ (5), 1027 [М + 1]+ (2), 1028 [М + 2]+ (30), 1029 
[М + 3]+ (13), 1030 [М + 4]+ (75), 1031 [М + 5]+ (32), 1032 
[М + 6]+ (100), 1033 [М + 7]+ (42), 1034 [М + 8]+ (77), 1035 
[М + 9]+ (32), 1036 [М + 10]+ (33), 1037 [М + 11]+ (13), 1038 
[М + 12]+ (7), 1039 [М + 13]+ (2).

This study was carried out under the State Order 
No. 01201361874 with the equipment of the Analytical 
Core Facilities Center, Institute of Problems of Chemical 
Physics, Russian Academy of Sciences.

References 

1. H. G. O. Becker, Einfürung in die Elektronentheorie Organisch — 
Chemischer Reaktionen, Wissenschaften, Berlin, 1974.

2. D. A. Klump, in Arene Chemistry. Reaction Mechanisms and 
Methods for Aromatic Compounds, Ed. J. Mortier, Wiley, New 
York, 2016, p. 1—32.

3. H. Wieland, M. Off enbächer, Ber. Deutsch. Chem. Ges., 1914, 
47, 2111.

4. V. A. Golubev, V. D. Sen´, Russ. J. Org. Chem., 2013, 
49, 1161. aaaaa

5. V. A. Golubev, V. D. Sen´, Russ. Chem. Bull., 2013, 
62, 2074. aaaaa

6. A. R. Forrester, J. M. Hay, R. H. Thomson, Organic Chemistry 
of Stable Free Radicals, Academic Press, London, New York, 
1968, 227.

7. S. M. Hubig, J. K. Kochi, J. Org. Chem., 2000, 65, 6807.
8. A. V. Vasilyev, S. V. Lindeman, J. K. Kochi, Chem. Commun., 

2001, 909.
9. V. A. Golubev, V. V. Tkachev, V. D. Sen´, Russ. J. Org. Chem., 

2014, 50, 678.

Received December 6, 2018;
revised form January 31, 2019;

accepted February 25, 2019


	Reductive bromination of N,N-bis(4-tert-butylphenyl)hydroxylamine
	Abstract
	Results and Discussion
	Experimental
	References


<<
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Newton-Bold
    /Newton-BoldItalic
    /Newton-Italic
    /Newton-Regular
    /Pragmatica-Bold
    /Pragmatica-BoldObl
    /Pragmatica-Book
    /Pragmatica-BookObl
    /SymbolMT
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 202
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 202
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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 false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 610
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.48689
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


