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Abstract—One-electron oxidation of bis(4-tert-butylphenyl)aminoxyl with antimony pentachloride and bromine
leads to the formation of oxoammonium salts with anions SbCl and Bry respectively. The salt with the Br;~ anion
converted at heating into a mixture of bromodiphenylamines which formed also from the aminoxyl as a result of
previously unknown reaction of three-electron reductive bromination. The mechanisms of these reactions were

assumed.
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Oxoammonium salts are used as selective stoichio-
metric oxidants and as catalysts of alcohols oxidation
[1-5]. These catalysts found an industrial application
in the synthesis of pharmaceuticals [6]. The essential
drawback of the oxoammonium salts is their low stabil-
ity that restricts their practical application. Aiming at the
search for stable oxoammonium salts we investigated the
oxidation of bis-(4-tert-butylphenyl)aminoxyl (I) with
antimony pentachloride and bromine.

The antimony pentachloride quantitatively oxidized
aminoxyl I to oxoammonium salt IT (Scheme 1).

The dark brown crystals of salt II are well soluble
in MeCN and CHCl; forming dark red solutions whose
color is due to the strong absorption band of the oxoam-
monium cation, A,,, 505 nm (¢ 16900 1 mol! cm™1). At
room temperature this salt is sufficiently stable both in the
crystalline state and in solution, yet it fast decomposes at
heating and has no precise melting point. In the 'H NMR

spectrum of salt IT under the effect of the oxoammonium

group the signals of ortho- and meta-benzene protons and
of the fert-butyl groups are shifted downfield by 1.1, 0.4,
and 0.13 ppm as compared with the corresponding signals
in the spectrum of the respective amine.

Bromine readily oxidizes aminoxyl I into oxoammo-
nium salt III (Scheme 2).

Primarily formed bromide A adds a molecule Br,
converting into more stable tribromide III. When the
bromination of aminoxyl I is carried out in CCl, at—20°C
the dark brown crystalline modification of salt ITI formed
in 92% yield. When aminoxyl I is brominated at ~20°C,
in a 41% yield copper-red crystalline modification of
salt III is obtained. Both modifications have no precise
melting point and decompose in the range 110-130°C.
IR spectra of the crystalline modifications of salt III es-
sentially differ by the band intensity, and the UV spectra
of both modifications are identical and qualitatively
coincide with the UV spectrum of hexachloroantimonate
II. The IR spectrum of the latter is similar to the spec-
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Scheme 2.

trum of the dark brown modification of tribromide III.
IH NMR spectrum of tribromide III contains broadened
signals of all protons. The broadening is apparently due
to the equilibrium between the oxoammonium cation
and aminoxyl 1.

At the bromination of aminoxyl I alongside with
oxoammonium salt III products of three-electron reduc-
tion of aminoxyl I, amine IV and its bromoderivatives
V-VIII, were obtained (Scheme 3).

The ratio between the products of oxidation and
reduction of aminoxyl I depend on the bromination tem-
perature. At—20°C the fraction of the reduction products
equals 8%. The main among them, dibromoamine VI,
tribromoamine VII, and amine IV, formed in the yields
6.4, 1.0, and 0.5 mol% respectively. At ~20°C the fraction
of the products of aminoxyl I reduction grew to ~50%.
The main among them, dibromoamine VI, tribromoamine
VII, and amine IV, formed in the yields 20, 19, and 3
mol% respectively. Bromoamines VI, VII were isolated
in the pure state, and bromoamines V, VIII and amine
IV were identified by chromatography by the retention
volumes and also by UV spectra. To prove the structure of
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bromoamines V-VIII we synthesized these compounds
by an independent method, the bromination of amine
IV. The composition and structure of bromoamines were
confirmed by elemental analysis, NMR, UV, IR, and mass
spectra (see EXPERIMENTAL). The location of the
bromine atoms in bromoamines V-VIII was established
using NMR spectra 'H — TH NOE based on the effect
of intensification of the signals belonging to fert-butyl
groups and benzene protons.

The bromination of benzene, its derivatives and
other arenes is known to proceed by the mechanism of
electrophilic substitution [7]. Evidently this mechanism
operates in the formation of bromoamines V — VIII at
the bromination of amine IV (Scheme 4).

Bromine adds to amine IV with the formation of
carbocation B that reacts with the anion Br- giving bro-
moamine V and HBr. The latter with excess amine IV
affords ammonium salt IV-HBr. However this mechanism
of electrophilic substitution does not explain the reduc-
tion of the nitroxyl into amino group at the bromination
of aminoxyl I.

The main product of the reductive bromination of
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Scheme 4.
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aminoxyl I, tribromoamine VII, forms along the simple
stoichiometric equation

I+ 1.5 Br, — VII + H,0. (1)

In keeping with this stoichiometry the nitroxyl group
is reduced to amino group by three hydrogen atoms of
benzene rings that are substituted by bromine. Apparently
the reductive bromination occurs as a result of successive
addition of bromine atoms to aminoxyl I (Scheme 5).

Bromine atoms add to benzene ring of aminoxyl I with
the formation of nitrone C that isomerizes into hydrox-
ylamine D. As a result the nitroxyl group of aminoxyl I
undergoes the one-electron reduction into the hydroxy-
amino group. The addition of the second bromine atom to
the benzene ring of hydroxylamine D provides adduct E
that via water elimination converts into aminyl radical F.
Therewith hydroxylamine D undergoes the one-electron
reduction into aminyl F. The addition of the third bro-
mine atom to aminyl F gives imine G that isomerizes
into bromoamine VII. Thus the successive addition of

three bromine atoms leads to the three-electron reduction
of aminoxyl I to tribromoamine VII. The sum of these
successive reaction is the stoichiometric equation (1).

The second product of the reductive bromination of
aminoxyl I, dibromoamine VI, formed apparently by the
reaction of the intermediate bromohydroxylamine D with
hydrogen bromide (Scheme 6).

Bromohydroxylamine D like the other N,N-diaryl-
hydroxylmines [8] by reaction with HBr converts into
salt H, which through imine I isomerizes into the final
dibromoamine VI. The conversion of aminoxyl I into di-
bromoamine VI is described by a stoichiometric equation

I +0.5Br, + HBr — VI + H,0. )

Hydrogen bromide can form in the reaction of inter-
mediate nitrone C or hydroxylamine D with bromine
(Scheme 7).

Amine IV evidently forms at the disproportionation
of aminoxyl I under the action of HBr:

41 + 3HBr — IV + 3A + H,0 3)

Scheme 5.

Br, /©)<
] —— ——
\N+

Br
Br, N Br’ H
CH . —H20 X
N N N

+Br 4> D
N

Br OH

— VII

Br Br Br

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 49 No. 8§ 2013



1146

GOLUBEV, SEN’

Scheme 6.
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This disproportionation is characteristic of all diaryl-
nitroxyls [8]. Bromoamine V and tetrabromoamine VIII
form in small amounts apparently by the bromination of
amine IV and tribromoamine VII respectively.

We also studied the stability of oxoammonium salt
IIT with Br;~ anion. In an acetonitrile solution this salt
decomposes completely within ~8 h at room temperature
and within ~5 min in the boiling solution. The main de-
composition products are tribromoamine VII and dibro-
moamine VI which form in the yields 61 and 37 mol%
respectively.

The following stoichiometric equation corresponds to
the conversion of salt III into tribromoamine VII:

I — VII + H,0. 4)
The result of this transformation is the four-electron re-
duction of oxoammonium group of the cation into amino
group. Nominally the oxoammonium group is reduced
by Br;~ anion and three benzene hydrogen atoms which
are replaced by three bromine atoms. Apparently the first
stage of the decomposition of salt III consists in adding
Br;~ anion to one of the benzene rings of salt III cation
with the formation of the intermediate nitrone C that
undergoes the isomerization into bromohydroxylamine D.
Il — (C — D) + Br.. (5)

As aresult of this reaction the oxoammonium group of
salt III suffers a two-electron reduction into a hydroxy-
amine group. Further transformation of bromohydroxyl-
amine D into tribromoamine VII and dibromoamine VI

N
Br :

proceeds along Schemes 5 and 6 respectively.
Therefore during the reaction of aminoxyl I with bro-
mine two processes occur simultaneously: One-electron
oxidation of aminoxyl I to oxoammonium salt III and
three-electron reductive bromination of aminoxyl I with
the formation of bromoamines VI, VII. The first process
is typical for all nitroxyl radicals, yet the reductive bro-
mination was observed for the first time. Presumably the
reductive bromination is a reaction characteristic of all
diarylnitroxyls. The thermal decomposition of oxoam-
monium salt III proceeds as the reaction between the
oxoammonium cation and Br;~ anion. As a result the
four-electron reductive bromination of this cation occurs
affording as the products bromoamines VI, VII.

EXPERIMENTAL

Bis(4-tert-butylphenyl)aminoxyl (I) was obtained by
procedure [9] and crystallized from methanol, mp 137°C.
Bis(4-tert-butylphenyl)amine (IV) was obtained by pro-
cedure [10] and crystallized from methanol, mp 108°C.
The chromatographic analysis was performed on a chro-
matograph Milikhrom equipped with an UV detector
(column 2 X 64 mm, Separon C18, 5 um). The preparative
TLC was carried out on plates 200 x 200 mm with a layer
of silica gel G 1.5 mm thick, with fluorescent indicator.
IR reflection spectra were registered on a spectrometer
Spectrum 100, absorption spectra were recorded on a
spectrophotometer Specord 75IR. NMR spectra were
taken on a spectrometer Bruker AIIl, 500 MHz, UV
spectra were measured on a spectrophotometer Specord
UV-VIS. Electron impact mass spectra (70 eV) were re-
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corded on an GC-MS instrument Finnigan. Melting points
were determined on a heating block PNMK.

Bis(4-tert-butylphenyl)oxoammonium hexachlo-
roantimonate (II). A solution of 168 mg (0.56 mmol)
of SbCls in 2 ml of CCl, was added to a solution of
107 mg (0.36 mmol) of aminoxyl I in 2 ml of CCl,
cooled to —15°C in a bath filled with ice mixed with salt.
The separated precipitate was filtered off, washed with
CCly, dried, and purified by reprecipitation from CHCl;
with hexane. Yield 220 mg (96%), dark brown crystals,
t.decomp. 115-120°C. UV spectrum (MeCN), A,.., NM
(&, 1 mol-1-cm-1): 505 (16900), 370 (6270), 320 (6040),
308 (6170), 269 (12900). IR spectrum (reflection), cm1:
3099 (CH,y); 2970, 2908, 2873 (CHs,); 1580 (aryl), 1476,
1440, 1424, 1366, 1347, 1327, 1312, 1256, 1173, 1104,
1026, 851, 815, 714, 679. 1H NMR spectrum (CDCl; +
SbCls), 6, ppm: 1.43 s[18H, C(CHj;);], 7.89 br.d (4H,
H33, J 8.7 Hz), 8.09 br.d (4H, H2¢, J 8.8 Hz). Found,
%: C 38.21; 3.78; Cl 33.24; N 2.22. C,,H,,CIcNOSb.
Calculated, %: C 38.08; H 4.15; C133.72; N 2.22.

Bromination of bis(4-fer-butylphenyl)aminoxyl (I).
a. At~20°C. A solution of 287 mg (1.8 mmol) of bromine
in 3.6 ml of CCl,; was added to a solution of 347 mg
(1.17 mmol) of aminoxyl I in 5 ml of CCl,. Immediately
a precipitate of bis(4-fert-butylphenyl)oxoammonium
tribromide (III) separated that was filtered off, washed
with CCl,, and dried in a vacuum. Yield 259 mg (41%),
copper-red flake crystals, t.decomp. 120-125°C.

The solution was evaporated in a vacuum to obtain as
aresidue 316 mg of resinous solid whose HPLC showed
the following result (80% aqueous MeCN, A 210 nm),
Veps BL (L1, %0): 470 (2.5), 950 (6.2) (IV), 1360 (2) (V),
2170 (100) (VII), 3200 (90) (VI), 3600 (1.5) (VII). The
data of the quantitative HPLC analysis revealed that the
mixture consisted of 117 mg (19%) of tribromoamine
VII, 104 mg (20%) of dibromoamine VI, 10 mg (3%)
of amine IV, 6 mg (1%) of tetrabromoamine VIII, and
4 mg (1%) of bromoamine V.

The resinous product was washed with MeOH (3 X
5 ml), thereafter remained 219 mg of solid colorless sub-
stance that was separated on four chromatographic plates
with silica gel eluting with hexane. From the first chro-
matographic zone we isolated 95 mg of dibromoamine
VI, colorless crystals, mp 163°C (i-PrOH). From the
second zone 90 mg of tribromoamine VII was obtained,
colorless crystals, mp 182°C (heptane).

b. At =20°C. A solution of 315 mg (1.97 mmol) of
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bromine in 3 ml of CCl, was added to a solution of 387 mg
(1.31 mmol) of aminoxyl I in 5 ml of CCl, cooled to
—20°C (bath filled with ice with salt). Immediately a fine
crystalline precipitate of tribromide I1I separated that was
filtered off, washed with CCl,, and dried in a vacuum.
Yield 641 mg (92%), dark brown crystals, t.decomp.
110-130°C.

The solution was evaporated in a vacuum to obtain a
residue of 50 mg of a compounds mixture whose HPLC
showed the following result (MeCN, A 210 nm), V,, uL
(Lo %): 240 (13) (IV), 300 (7.6) (VII), 400 (100) (VI),
705 (1.3). The data of the quantitative HPLC analysis
revealed that the mixture consisted of 36.4 mg (6.4%) of
dibromoamine VI, 6.7 mg (1%) of tribromoamine VII,
and 1.9 mg (0.5%) of amine IV.

Bis(4-tert-butylphenyl)oxoammonium tribromide
(IIT). a. Copper-red crystalline modification forms in
the reaction of aminoxyl I with Br, in CCl, at ~20°C.
Copper-red plate crystals, t.decomp. 120-125°C (CCl,).
UV spectrum (MeCN), A, nm (g, | mol-lcm-1): 506
(23000), 370 (8700), 316 sh (8800), 269 (54000). IR
spectrum (reflection), em!: 3071 (CH,y,); 2963, 2904,
2869 (CH3); 1585, 1520 (aryl); 1478, 1446, 1425, 1406,
1366, 1333, 1255, 1181, 1109, 1026, 851, 829, 753, 714,
679. TH NMR spectrum (CD;CN), 6, ppm: 1.33 br.s (18H,
CH,), 7.31 br.s (4H, H35), 7.74 br.s (4H, H2¢). Found,
%: C 45.06; H 4.95; Br 44.12; N 2.73. C,,H,cBr;NO.
Calculated, %: C 44.81; H 4.89; Br 44.71; N 2.61.

b. Dark brown crystalline modification forms in the
reaction of aminoxyl I with Br, in CCl, at —20°C. Dark
brown crystals, t.decomp. 110-130°C (CCl,). UV spec-
trum (MeCN), A .., nm (g, | mol-lem1): 506 (23000),
370 (8700), 316 sh (8800), 269 (54000). IR spectrum
(reflection), cm!: 3092 (CH,,yy); 2966, 2904, 2869 (CHs);
1576 (aryl); 1487, 1436, 1422, 1399, 1365, 1334, 1311,
1249,1167, 1102, 1024, 852, 813, 712. ITH NMR spectrum
(CDsCN), 9, ppm: 1.33 br.s (18H, CH;), 7.31 br.s (4H,
H3.5), 7.74 br.s (4H, H26). Found, %: C 44.78; H 4.81;
Br44.37; N 2.49. C,oH,4Br;NO. Calculated, %: C 44.81;
H 4.89; Br44.71; N 2.61.

N-(2-Bromo-4-tert-butylphenyl)-N-(4’-tert-butyl-
phenyl)amine (V). A solution of 329 mg (2.06 mmol)
of bromine in 4 ml of CCl, was added within 10 min to
a solution of 1.16 g (4.12 mmol) of amine IV in 4 ml
of CCl, cooled to —20°C (bath filled with ice with salt).
The reaction mixture was stirred for 5 min at cooling and
10 min at ~20°C. The separated precipitate of amine IV
hydrobromide (720 mg) was filtered off, and the solution
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was evaporated in a vacuum. The residue was dispersed in
4 ml of MeOH, filtered off, washed with MeOH, and dried
in a vacuum. Yield 531 mg of a mixture of bromoamine
V and dibromoamine VI. The mixture was separated by
column chromatography (30 x 200 mm, silica gel KSK,
40-50 pum, elution with heptane). The composition of elu-
ate was monitored by TLC. The evaporation of the eluate
of'the second zone afforded 320 mg (22%) of bromoamine
V. Colorless crystals, mp 90°C (MeCN). UV spectrum
(EtOH), Ajax> nm (g, I mol-tem-1): 286 (21800), 238 sh
(7530), 202 (40140). IR spectrum (reflection), cm—1: 3415
(NH), 3049 (CH,y); 2960, 2902, 2864 (CH;); 1604,
1518 (aryl); 1478, 1463, 1390, 1362, 1320, 1264, 1117,
1037, 879, 842, 710. 'H NMR spectrum (CDCl;), 8, ppm:
1.28 s [9H, 4-C(CHs;)s], 1.32 s [9H, 4'-C(CHs;)3], 5.93 s
(1H, NH), 7.07 d.m (2H, H2¢', J 8.6 Hz), 7.17 m (2H,
H56),7.32 d.m (2H, H3"", J 8.6 Hz), 7.51 br.d.d (1H, H5,
J0.9, 1.5 Hz). 'H-'H NOE NMR spectrum (CDCl,): the
intensification of NMR signals indicated the interaction
between protons 4-C(CH3); (8 1.28) s H3 (6 7.51) and
H3 (6 7.17); 4-C(CHj3); (6 1.32) s H3" and H' (8 7.32).
Mass spectrum, m/z (1., %): 363 (2.7), 362 (17.8), 361
(97.7),360 (17.5), 359 (100) [M]*+; 347 (15.5), 346 (58.8),
345 (16.6), 344 (54.3) [M — CH;]™. Found, %: C 54.92;
H 5.75; Br 36.69; N 3.19. C,yH,cBrN. Calculated, %:
C 54.69; H 5.74; Br 36.38; N 3.19. [M]* 363.13 (2.2),
362.13(21.5),361.12(99.5),360.13 (21.9),359.12 (100).

Bis(2-bromo-4-tert-butylphenyl)amine (VI). A so-
lution of 1.6 g (10 mmol) of bromine in 2 ml of CCl, was
added within 12 min while stirring and cooling to —20°C
(bath of ice with salt) to a solution of 2.81 g (10 mmol)
of amine IV in 10 ml of CCl,. The reaction mixture was
stirred for 15 min at cooling, the separated precipitate
of amine IV hydrobromide was filtered off, the reaction
solution was evaporated in a vacuum. The residue was
dispersed in 10 ml of MeOH, the precipitate was filtered
off and washed with hot MeOH (3 x 5 ml), and after
drying it was twice recrystallized from i-PrOH. Yield
1.3 g (30%), colorless crystals, mp 163°C, sublimed at
temperature >150°C. UV spectrum (EtOH), A,,, nm (&,
1 mol-lem-1): 287 (22700), 236 sh (9300), 208 (39900).
IR spectrum (reflection), cm~1: 3389 (NH), 3038 (CH,.
w); 2961, 2900, 2866 (CHs); 1601, 1519 (aryl); 1331,
1262, 1116, 1036, 882, 814, 712; (c CCl,): 3380 (NH),
3030 (CH,yyy); 2956, 2898, 2862 (CH;); 1605, 1510
(aryl); 1315, 1265, 1115, 1040, 880. 'H NMR spectrum
(CDCl), 6, ppm: 1.30 s [18H, C(CH3);], 6.26 s (1H, NH),
7.21 m (4H, H%9), 7.56 br.d.d (2H, H3, J 0.7, 1.8 Hz).
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IH-'H NOE NMR spectrum (CDC]l;): the intensification
of NMR signals indicated the interaction between protons
4-C(CHj3); (6 1.30) with H3 (8 7.56) and H’ (3 7.21). Mass
spectrum, m/z (1., %): 442 (12.0), 441 (49.4), 440 (22.8),
439 (100), 438 (15.2), 437 (49.1) [M]+; 427 (13.5), 426
(53.9),425(19.5),424 (98.7),423 (11.9), 422 (51.4) [M
— CH;]*. Found, %: C 54.92; H 5.75; Br 36.69; N 3.19.
C,oH,sBr,N. Calculated, %: C 54.69; H 5.74; Br 36.38;
N 3.13. [M]* 443.04 (1.1), 442.03 (10.7), 441.03 (51.0),
440.04 (21.9),439.03 (100),438.04 (11.3),437.04 (51.4).
N-(2,6-Dibromo-4-tert-butylphenyl)-N-(2'-bromo-
4'-tert-butylphenyl)amine (VII). A solution of 2.15 g
(13.5 mmol) of bromine in 2 ml CCl, was added within
7 min at stirring to a solution of 1.28 g (4.55 mmol) of
amine IV in 8 ml of CCl,. The reaction mixture was boiled
for 70 min. The solvent was evaporated in a vacuum,
the residue was dispersed in 10 ml of hot MeOH. The
insoluble precipitate was filtered off, washed with MeOH,
and after drying it was twice recrystallized from heptane.
Yield 1.05 g (45%), colorless plate crystals, mp 182°C,
sublimed at temperature >140°C. UV spectrum (EtOH),
Amax> N (€, 1 mol-tem1): 286 (9380), 234 sh (18400),
208 (69300). IR spectrum (reflection), cm-1: 3355 (NH),
3039 (CH,y); 2962, 2902, 2865 (CH;); 1610, 1541,
1506 (aryl); 1476, 1383, 1313, 1263, 1037, 868, 815,
736, 712. 'H NMR spectrum (CDCls), 8, ppm: 1.27 s
[9H, 4'-C(CH;);], 1.32 s [9H, 4-C(CHj3);], 5.96 s (1H,
NH), 6.29 d (1H, H¢', J 8.5 Hz), 7.10 d.d (1H, H%", J 2.2,
8.5 Hz), 7.52 d (1H, H%, J 2.2 Hz), 7.60 s (2H, H35).
ITH-TH NOE NMR spectrum (CDCl,): the intensification
of NMR signals indicated the interaction between pro-
tons 4-C(CHj3); ( 1.32) s H3 and H? (8 7.60); 4'-C(CHs;);
(0 1.27) s H3' (8 7.52) and HY' (3 7.10). Mass spectrum,
m/z (L, %): 522 (7.1),521(34.2), 520 (20.1), 519 (96.1),
518(20.3),517(100),516 (9.9) and 515 (40.9) [M]*; 506
(19.8), 505 (13.8), 504 (56.2), 503 (12.3), 502 (53.6),
501 (1.1), 500 (12.5) [M — CH;]*. Found, %: C 46.30;
H 4.44; Br 46.27; N 2.69. C,,H,,Br;N. Calculated, %:
C 46.36; H 4.67; Br 46.26; N 2.70. [M]" 521.94 (6.9),
520.94 (33.8),519.95(21.5),518.94(99.7),517.95(21.9),
516.94 (100), 515.95 (7.5), 514.95 (34.3).
Bis(2,6-dibromo-4-tert-butylphenyl)amine (VIII).
A solution of 1.3 g (8 mmol) of bromine in 1 ml of CCl,
was added within 5 min at stirring to a solution of 1.13 g
(4 mmol) of amine IV in 4 ml of CCl,. The reaction mix-
ture was boiled for 2 h, then 0.64 g (4 mmol) of bromine
was added, and the mixture was boiled for 0.5 h more.
On cooling the solvent was evaporated, the residue was
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dispersed in 10 ml of MeOH. The precipitate of bro-
moamines was filtered off, washed with MeOH, and dried
in a vacuum. To the obtained mixture of bromoamines
4 ml of CCl, and 0.64 g (4 mmol) of bromine were added,
and the mixture was boiled for 1 h. The solvent was
evaporated, the residue was dispersed in 5 ml of MeOH.
The precipitate was filtered off, washed with MeOH, and
after drying it was twice recrystallized from i-PrOH. Yield
1.65 g (69%), colorless crystals, mp 208—-209°C, sublimed
at temperature > 170°C. UV spectrum (EtOH), A,,,x, nm
(&, I'mol-lem1): 294 (13600), 257 (9030), 216 (45960).
IR spectrum (reflection), cm-1: 3383 (NH), 3039 (CH,y);
2963, 2902, 2867 (CH;); 1589, 1549, 1535, 1501, 1489
(aryl); 1460, 1383, 1313, 1262, 871, 736, 701. 'H NMR
spectrum (CDCly), 6, ppm: 1.29 s [18H, C(CH3)5],5.76 s
(1H,NH), 7.48 s (4H, H3.%). lH-'H NOE NMR spectrum
(CDCl,): the intensification of NMR signals indicated
the interaction between protons 4-C(CHj;); (3 1.29) s H3
and H5 (8 7.48). Mass spectrum, m/z (I}, %): 601 (17.6),
600 (10.5), 599 (54.1), 598 (19.3), 597 (100), 596 (10.2),
595 (54.8), 594 (3.9), 593 (18.1) [M]*; 586 (10.3), 585
(1.7), 584 (33.1), 583 (15.0), 582 (75.6), 581 (8.9), 580
(32.8), 578 (9.7) [M — CH;]. Found, %: C 40.17; H 3.66;
Br 53.13; N 2.38. C,,H,;BryN. Calculated, %: C 40.24;
H 3.88; Br53.53; N 2.35. [M] 601.85 (3.5), 600.85 (17.3),
599.85(14.3),598.85 (67.2),597.86 (22.0), 596.85 (100),
595.86 (15.0),594.85 (68.5), 593.86 (3.9), 592.86 (17.6).
Bis(4-tert-butylphenyl)amine hydrobromide
(IV)-HBr formed as a precipitate at the bromination of
amine IV in CCl, (see above). Colorless needle crystals,
t.decomp. 185-200°C. IR spectrum (reflection), cm-!:
3064 (CH,yy); 2963,2902, 2868 (CHs); 2701, 2632, 2577,
2468 (NH,); 1608, 1551, 1511 (aryl); 1477, 1408, 1271,
1203, 1178, 1111, 1017, 865, 838, 795. TH NMR spectrum
(CDCly), 8, ppm: 1.28 s[18H, C(CHj3)3], 7.41 d.m (4H, H™,
J8.8Hz),7.60 d.m (4H, HO,J8.8 Hz), 12.8 br.s (2H, NH,).
Found, %: C 66.15;H7.45;Br22.12; N 4.05. C,,H,,N-HBr.
Calculated, %: C 66.29; H 7.79; Br 22.05; N 3.87.

Themal decomposition of bis(4-ter-butyl-phenyl)

1149

oxoammonium tribromide (III). A solution of 0.1 g
(0.19 mmol) of tribromide III in 0.25 ml of MeCN was
heated to boiling. The brown-red color of the solution
turned light brown, and colorless crystals precipitated.
The precipitate was filtered off, washed with MeCN,
and dried in a vacuum. Yield of the precipitate 85 mg.
HPLC of the precipitate (MeCN, 1 210 nm), V,, uL (1,
%): 240 (1.7) (IV), 300 (100) (VII), 400 (39) (VD), 700
(0.2). The data of the quantitative HPLC analysis revealed
that the precipitate contained 61.5, 37.5, 0.4 mol% of
tribromoamine VII, dibromoamine VI, and amine IV
respectively.

ACKNOWLEDGMENTS

The authors express their gratitude to A.B. Chernyak
for registering the NMR spectra.

REFERENCES

1. Nitroksil'nye radikaly: sintez, khimiya, prilozheniya
(Nitroxyl Radicals: Synthesis, Chemistry, Applications),
Rozantsev, E.G. and Zhdanov, R.I., Moscow: Nauka, 1987.

2. Nooy, A.E.J., Besemer, A.S., and Bekkum, H., Synthesis,
1996, p. 1153.

3. Merbouh, N., Bobbitt, J.M., and Bruckner, C., Org. Prep.
Proc. Int., 2004, vol. 36, p. 1.

4. Tojo, G. and Fernandez, M., Oxidation of Alcohols to Al-
dehydes and Ketones, New York: Springer, 2006, p. 241.

5. Bobbitt, J.M., Bruckner, C., and Merbouh, N., Org. React.,
2009, vol. 74, p. 103.

6. Ciriminna, R., Pagliaro, M. Org. Proc. Res. Develop., 2010,
vol. 14, p. 245.

7. Becker, H., Einfuhrung, in, die, Elektronentheorie, or-
ganisch-chemischer, Reaktionen, Berlin: Wissenschaften,
1974,

8. Meyer, K.H. and Reppe, W., Ber, 1921, vol. 54, p. 327.

9. Golubev, V.A. and Sen’, V.D., Zh. Org. Khim., 2013,
vol. 49, p. 572.

10. Kostrab, G., Lovic, M., Janotka, 1., Bajus, M., and Mravec,
D., Appl. Catal. A, 2008, vol. 335, p. 210.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 49 No. 8§ 2013




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 (Pfeps)
  >>
  /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 [14400.000 14400.000]
>> setpagedevice




