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Abstract: By treament with mercury(Il) oxide-iodine reagent in dichloromethane at room temperature,
substituted anilines were transformed to the corresponding azobenmzenes. A similar treatment of
benzylamines and bemzhydrylamine gave N-benzylidenebenzylamines and N-benzhydrylidene-
benzhydrylamine, respectively. a-Alkyl-substituted benzylamines gave diazenes and the corresponding
phcnyl ketones, compehtively An azine was obtained by interaction with the reagent of a bcnzylumc

g an eieciron-witixirawing subsiitueni at the o position, such as ethyl phenyigiycinaie. © 1998
Elsevier Science Ltd. All rights reserved.

Recently, we reported convenient methods for iodination of alkoxy-substituted benzenes!:2 and
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hue uon o1 . m conuam, most of ihe currenuy used reagems for iodination uoerate ZK:!QIC suoscancw
such as HI, HCl, H2S04, HNO3 or HClO4, and some of them require acidic or basic additives and solvents.3
Therefore, in this study we investigated the reaction with this reagent of amino compounds, such as anilines,
benzylamines and alkylamines. Representative results of the present experiments are shown below.
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Reactions of anilines with HgO-1, reagent
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winpdiaiure was 10ina 1o give 4-iodoaniline.” Use of excess 1 agenis afforded a mixiure of 4-iodoaniiine and
azobenzenes with or without the 4- and/or 4’-iodo group. As shown in Tabie 1 (entries 7~15), when 4-
substituted anilines including 4-iodoaniline were similarly treated with HgO and I (1.5 molar equiv each),
4,4’-disubstituied azobenzenes were obtained as the most mobile fraction by column chromatography on silica
gel. Similarly, 2- and 3-substituted anilines were also converted to the corresponding azobenzenes in moderate
yields (entries 1~6). Metal oxides [Ag2C03,59 Agr0,7 AgMnO4,38 Ni peroxide,? MnO;,10~12 NaBO3,13~15
Pb(OAC)4,1617 BaMnO4,18 Ce(OH)30,H,19 BBCP,20 Hg(OAc),,2! KO22], hypervalent iodine [Ph-
I(OAc)22), aerial oxidation [0-KOtBu,24 0,-CuyClp-pyridine,25-27 Op/Co304 28 peroxidase-Hy022 and
K3Fe(CN)30] have been used as reagents for preparation of azobenzenes from anilines.31 Some of these
procedures are performed under undesirable acidic or basic conditions caused by their reagents, additives
and/or solvents. The present method does not require any special solvents or conditions and can be achieved
under neutral conditions, as described above. The reaction involves a nitrogen-nitrogen coupling of an

initially formed cation radical (or aminyl radical) (like a in Scheme 1), which is probably produced by a one-

Table 1. Oxidation of Substituted Anilines to Azobenzenes with HgO-1, Reagent®

A~ NH / /\i \
[/\\Ir e Hay o 1. —'—L—P 058 { /ﬁ\/N:MJ\y \ + Hn() + Hal,
\X = gV T oans ~ N X vt
X CH2C|2 \u
X
eniry X yieids of azobenzenes entry X yieids of azobenzenes
1 o-Cl 48% 9 p-l 50%
2  o-NO; 50% 10 p-NO, 90%
3 0o-COOEt 41% 11 p-COOEt 87%
4 mCl 43% 12 p-COCH3z 83%
5 m-NO, 56% 13 p-CHg 88%
6 m-COOEt 49% 14 p-OCH3 88%
7  pCl 88% 15 p-N=N-Ph 84%
8 p-Br 60%

a. The appropriate aniline derivative was treated with HgO and I, (1.5 molar equiv each )
in CH,Cl, (0.2 M) at room temperature for 1 h.
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butylamine and B-phenethylamine, which

Reactions of benzylamines with HgO-I, reagent

A similar interaction of HgO-I reagent with benzylamines and 1-naphthalenemethylamine gave N-
benzylidenebenzylamines and the naphthylidene derivative almost quantitatively (entries 1, 3 and 4, Table 2).
Under the same conditions, dibenzylamine gave N-benzylidene-benzylamine and tetrahydroisoquinoline gave
dihydroisoquinoline in almost quantitative yields (entries 2 and 7). Even bulky aminodiphenylmethane (entry
5) dimerized to the corresponding N-benzylidenebenzylamine exclusively. It is notable that 9-aminofluorene
gave fluoren-9-imine. A benzylamine derivative carrying a more electron-deficient substituent at the a
position, such as ethyl 2-phenylglycinate, gave a phenyl ketone (ethyl benzoylformate) and its azine (4:5)
(entry 8). In contrast, some benzylamines having an electron-donating substituent at the a-position, such as
the a-alkyl group, gave neither the aforementioned dimeric imines nor azines. a-Phenethylamine gave
acetophenone (entry 9), after the usual work-up using water. 1H NMR analysis of its reaction mixture executed
in CD2Cl; revealed that the initial product was acetophenone imine [3 2.71 (3H, s), 7.35 (3H, m), 7.68 (2H,
dd, J=8.2, 1.3 Hz)]. Benzylamines carrying more bulky o-alkyl substituents appear to give a greater amount
of azo compounds, diazenes (entries 10 and 11).

The reaction mechanism.
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[NazS;06/AgNO7,33 KMnOy4,34 Fremy’s salt,3® NasPMopV2040,3° Pb(OAc)s,*! KMnO4/ZnSO4,47],
diazenes (Na28,0¢/ AgNO»,33 02/C0304,28 Aghvin0O48] and/or azines (KMnO4/ZnS0447) (for other reagents,
see ref. 31,48~50). The formation of N-benzyiidenebenzylamine g has been reported to be the resuit of the
addition of benzylamine to the imine intermediate e, followed by climination of an ammonia molecule from
1383941 On the basis of these mechanistic aspects together with the behavior of anilines on anodic
oxidation,31.52 it was considered that this imine e was generated in situ by a two-electron oxidation through
interaction of the N atom of benzylamine with HgO-I;. Oxidation of dibenzylamine h to N-benzylidene-
benzylamine g is also thought to proceed via a hydroxymercury amide IV with a two-electron oxidation.
Diazenes ¢ are produced in a sequence starting with a one-electron transfer of benzylamine (I->a—*b—+II->c),
similar to that described above for azobenzene. A diazene ¢ (R = COOEt) with an acidic benzylic proton is
further transformed to the corresponding azine d through a similar two-electron oxidation. Pathways of the
two-electron oxidations may involve the formation of a hydroxymercury amide, such as I’, following I. Thus,
repeated interactions of the N atom with HgO-I; are thought to have caused one- or two- electron transfers,
which induced the oxidative dimerization of anilines to azobenzenes, as well as those of benzylamines to N-
benzylidenebenzylamines g, diazenes ¢ and azines d. Phenyl ketones probably form owing to the interaction
of the imine intermediates or the azine with water generated in the course of the reactions.
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Table 2. Oxidation of Benzylamines with HgO-I.

ontry benzylamines yield products
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a. The appropriate benzylamine was treated with HgO and I, (1.5 molar equiv each )
in CHoCl, (0.2 M) at room temperature for 1 h.
b. The ratio of products was obtained by H NMR analysis.
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Scheme 1. Dimerization of anilines and benzylamines with HgO-1, reagent
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Thus, the reactions with mercury(Il) oxide-iodine reagent of amines were found to proceed with the
substrate specificity, depending mainly upon their electronic states and steric influences. Thc reagent has been
used as a mild, efficient synthetic tool for iodination of alkyl aryl ethers,!.2 aromatic amines,? and aicohols (for
our recent resuiis, see ref. 53~59), and oxidation of suifides io sufoxides.* The present study ied to the
estabiishment of a new method with the reagent responsibie for seiective oxidation or dimerization of anilines
and benzylamines to the corresponding azobenzenes, imines, diazenes, azines or ketones. Under neutral
reaction conditions provided by this reagent, starting amines are not affected and the products remain
unchanged. Therefore, this method is also promising for the reactions of substrates that are sensitive to acids
or bases, compared with the above-described methods using metal oxides. 5~28.30.32~47
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measured with a Yanagimoto micro melting point apparatus and are uncorrected. 1H

were m
NMR spectra were recorded on a JEOL JNM-EX270 FT high-resolution spectrometer. NMR sampies were

L W )

ing CU\J3 (9.8 atom % D, COl'lLalnlng 0.03% viv TMS, Amncn) Mass specun were determined
J' -~

Colnmn chromatography was performed on Merck silica gel 60 (No.7739). Preparative ﬂun-layer
chromatography was carried out on Merck silica gel 60 PF254 (No. 7749).

General Procedure for Reaction of Anilines with Mercury(Il) Oxide and Iodine. A suspension of the
appropriate aniline derivative (0.5 mmol), mercury (IT) oxide (red, 0.75 mmol) and iodine (0.75 mmol) in
CH2Cl2 (5 mL) was stirred at room temperature for 1 h. The resultant precipitates (Hgl2) were removed by
suction filtration. The filtrate and CH5Cly washings (5 mL) were combined, washed with diluted aq. 5%
NazS203 solution (5 mL) and water (5 mL), dried (Na3SOy), and the solvent was evaporated. The crude
product was flash-chromatographed on a silica gel column with petroleum ether and CHyCly (2:1). The
orange-colored, first fraction was concentrated and crystallized from the reported solvent, such as methanol or
benzene. Physical and spectral data of the obtained azobenzenes were compared with the reported data. 529

General Procedure for Reaction of Benzylamines with Mercury(IT) Oxide and lodine. Benzylamines (0.5
mmol) were treated with mercury (IT) oxide (red, 0.75 mmol) and iodine (0,75 mmol) in CHpCly (5 ml) at

room temperature for 1 h and worked up as noted above., Without chromatooranhic nuri

P eialll

products (entries 1~7, 9) were isolated by crystallization or distillation. In entries 8, 10 and 11, CD2Cl, was

L=
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dihydroisoquinoline®3 (en
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, ethyl phenylglyoxylate azine®* (entry 8)] were compared with the reported

g
a

N-Napmnyndene(z-napntnalene)metnylamme (entry 4). mp 170-172°C (MeOH); IR (Nupl) 1638, 1599,
1507 cm'l; IHNMR & 5.05 (2H, s, CHp), 7.43-8.10 (14H, m, Ar-H), 8.61 (1H, s, N=CH). FD-MS m/z (rel.
int.) 295 (M+, 53.6), 141 [(M-NCHCgH7)*, 100%]. Anal. Calcd. for Coa3H7N: C, 89.46; H, 5.80; N, 4.74.
Found: C, 89.62; H, 5.96; N, 5.00.

1,1’-Azobis(1-phenylpropane) (entry 10). The crude product was subjected to preparative thin-layer
chromatography developed with a 1:1 mixture of CH2Cl» and hexane. A band with Rf. 0.70 (propiophenone:
Rf. 0.40) gave a 1 : 1 mixture of meso- and racemic forms of 1,1’-azobis(1-phenylpropane) as an oily material
(47%) (cf. 1it95 mp 55-56°C); IR (neat) 1603, 1585, 758, 698 cm'!; IH NMR & 0.71 (3H, t, J = 7.6 Hz), 0.87
(3H, t, J=7.6 Hz), 1.92-2.14 (4H, m, 2 x CHj), 431-4.38 (2H, m, 2 x CH), 7.25-7.50 (10H, m, Ar-H); FD-
MS mz (rel. int.) 119 [1/2 (M-N2)*, 100%]. Anal. Calcd. for CigHaN2: C, 86.16; H, 8.33; N,10.52. Found:
C, 86.36; H, 8.56; N, 10.37.

1,1’-Azobis(1,2-diphenylethane) (entry 11). The reaction mixture contained a mixture of meso- and racemic
1,1’-azobis(1,2-diphenylethane) (1:1) and a small amount of deoxybenzoin (<2%). Fractional crystallizations
7e

1Ll VAL 413 1 aL-Uy

from MeQH afforded both diaz

nes in pure form. meso-1.1’-azobis(1.2-diphenvlethane): mp 134-135 °C

st rTeT FEES S S TEAIEESN ST EAptIEety tEESIEI s
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(MeOH) (17%) (lit.%6 mp 131.5-132.9 °C: 64 134-5°C); IR (Nujol) 1602, 1584 cm-1; 'H NMR & 3.21 (2H, dd,
J=139, 59 Hz, ns.nfm-l ,336(2H,dd, J =139 8 > Af CH AN (IH Ad 7 — 120 €Q LI~
Sl A7 Jy Pl \Ldd, Ry, Lot dy DU LLL, LAV VR Mol i)y ThiWV \183, W8, J ~— 20.7, J.T 11L,

m . .

FTLRMEQ ma {ral int ) 269 M N 2921 191 T1/Y AN+ 110WN\g Asand £ 01 £ M__TT_ AT . £ QL 11
FLeves IAZ (106 1) 500 ((IM-IN2)™, 545, 161 (1/e UvI-INg )T, 11UV f2¥ LalCU. IUL L28IN1261iNY. U, DO.11,
LT £ 71 A "7T1"7 TLEruied- M O£ 10. LT £ OO, N “7(YT TDeommanal 1 17 LI s1 M b f_ .t _\. __ an -
1, U.71, 1%, /.47, rOUld: ©, 60.17; 11, 0.06, N, /.U/. Racemic i,1 *Mﬂl,& pnenylcuume} l'llp 1Ul-1U.
O (MM 14O 134 08 sven 10V 17V © O\ TDD /WInaind) 140V OA ~-l. IET AN AN 22 12 /m1Y 33 7 __ 12O

L UVIOUTY) (1U70) UL P 1V~ 1UL0 L) IR (NUJOL) 10UL, 1584 Cil °, "I INVLIN © 2.10 (411, O, J = 15.Y,
7.6 Hz, Ha of CHj), 3.22 (2H, dd, J = 13.9, 7.3 Hz, Hb of CH3), 4.77 (1H, t, J = 7.3 Hz, CHN), 6.95-7.00 (2H,
m, Ar-H), 7.10-7.26 (8H, m, Ar-H); FD-MS mz (rel. int.) 181 [i1/2 (M-N2)*, 100%]. Anal. Caicd. for
CagHaeN2: C,86.11; H, 6.71; N, 7.17. Found: C, 86.06; H, 6.82; N, 7.21.

1. Orito, K.; Hatakeyama, T.; Takeo, M.; Suginome, H. Synthesis 19958, 1273-1277.

Orito, K.; Hatakeyama ,T.; Takeo, M.; Takeo. M.; Suginome. H.; Tokuda, M. Synthesis 1997, 23-25.
Orito, K..; Hatakeyama, T.; Takeo, M.; Uchiito. S.; Tokuda, M.; Suginome, H. Heterocyclic Commun.
1997, 3, 207-210.

Orito, K.; Hatakeyama, T.; Takeo, M.; Suginome, H. Synthesis 1998, 1357-1358.

Hedayatullah, M. ; Dechatre, J. P.; Denivelle, L. Tetrahedron Lett. 1975, 25, 2039-2042.

Fetizon. M.; Golfier, M.; Milcent. R.; Papadakis, 1. Tetrahedron 1978, 31, 165-170.

Ortiz, B.; Vilianueva, P.; Walls, F. J. Org Chem. 1972, 37, 2748-2750.
Firouzabadi, H.; Vessal, B.; Naderi, M. Tetrahedron Lett. 1982, 23, 1847-1850.

Al eesrn B7 . Moeez: T L . DL o ..

w N

=71 10L2 7 an1t
1, LF0-JOUL.

T 'howe Cnn 108K ALQE ALQT7
- €. OO, & y .

[ 1
-}
3
)
iv
3

3
k.
5
N'
)
>'o‘
B

VYV ARNACAW Ay Ve A Rty WO NSARLARAN L., 3s. A8 S lar re A7 wr

Bhatnagar, I.; George, M. V. J. Org Chem. 1968 33 2407 2411 See ref. 18 also.

Mehta, S. M.; Vakilwala, M. V. J. Am. Chem. Soc. 1952, 74, 563-564.

Santurri. P.; Robbins. F.; Stubbings, R. Org. Synth. Coll. Vol. 5, 1973: pp. 341-343.

Ogata, Y.; Shimizu, H. Bull. Chem. Soc. Jpn. 1979, 52, 635-636.

Pausacker, K. H.; Scroggie, J. G. J. Chem. Soc. 1954, 4003-4006.

Baer, E.; Tosoni, A. L. J. Am. Chem. Soc. 1956, 78, 2857-2858.

Firouzabadi H, Mostafavipoor Z. Bull. Chem. Soc. Jpn. 1983, 56, 914-917.

Firouzabadi, H.; Iranpoor, N. Synth. Commun. 1984, 14, 875-882.

Firouzabadi, H.; Sardarian, A. R.; Naderi, M.; Vessal, B. Tetrahedron 1984, 40, 5001-5004.
Knabe, J.; Roloff H. Chem. Ber. 1964, 97, 3452-3455.

Oenal 1 RAolia ANA T I Auos 7 Lo, 10QA4 27 QAL QLS
dalih, \J., IVIAALLL, IVi. 1. 11, £V J. TLETTE. RTO™, J /7, O"TI7000.

Pausacker K. H. J. Chem. Soc. 1953 1980-1990

| ARG wiwl , Tn. £ L. NAACCTIPs I . RAVTZ LA T LT 7T,

Homner, L.; Dehnert, J. Chem. Ber. 1963, 96, 786-797.
Terent’ev, A. P.; Mogilyanskif, Y. D. Doklady Akad. Nauk SSSR. 1955, 103, 91-93; Chem. Abst. 1956,
50, 4807e.

RESw@eNama

o
hat

LEBRRBLexIa0R

26. Kinoshita, K. Bull. Chem. Soc. Jpn. 1959, 32, 777-780, 780-783.

27. Ghedini, M.; Pucci, D.; Neve F. Chem. Commun. 1996, 137-138.

28. Belew, J. S.; Garza, C.; Mathieson, J. W. Chem. Commun. 1970, 634-635.

29. Hughes, G. M. K.; Saunders, B. C. J. Chem. Soc. 1954, 4630-4634.

30. Nikishin, G. I.; Troyanskii, E. I.; loffe, V. A. Izv. Akad. Nauk SSSR. 1982, 2758-2762; Chem. Abstr.
1983, 98, 142897v.

31. Hudlicky, M. “Oxidations in Organic Chemistry”, ACS Monograph 186, 1990: pp. 234-242.



8410

BEISGRONEBEL

51.

W
N

238X JIAAKY

2

& 2

W W W W W
RSVl S

K. Orito et al. / Tetrahedron 54 (1998) 8403-8410

Mol Q £ . Woa s H. J. Am. Chem. Soc. 1855 77. 2AS7-2460
LA, O. \J., Wang, u. ri. J. Am,. Lnem, DOC. LD, /7, LA /-Z400.
Racom P 1 D - Qtawaert M T Lo Cnn M 10L£L 12QA_ 12Q77
AFARAML, T\ . KN\, LJW"CII iJ. J. UIEM. UL, W R0, L0107,

Rawalay, S. S.; Shchter, H. J. Org. Chem. 1967, 32,3129-3131.
Audette, R. J.; Quail, J. W.; Smith, P J. Tetrahedron Lett. 1
Tsuda, Y.; Nakajima, S. Chem, Lett. 1978, 1397—1398.

Clarke, T. G.; Hampson, N. A_; Lee, J. B.; Morley, J. R.; Scanlon, B. Tetrahedron Lett. 1968, 5685-
5688.

Castedo, L.; Riguer, R.; Rodrigues, M. J. Tetrahedron 1982, 38, 1569-1570.

Neumann, R.; Levin, M. J. Org. Chem. 1991, 56, 5707-5710.

Lee, G. A.; Freedman, H. H. Tetrahedron Lett. 1976, 1641-1644.

Stojiljkovic, A.; Andrejevic, V.; Mihailovic, M. L. Tetrahedron, 19617, 23, 721-732.
Kashdan, D. S.; Schwartz, J. A.; Rapoport, H. J. Org. Chem. 1982, 47, 2638-2643.

-.,
-l’

Batiersby, A. R.; Binks, R. J. Chem. Soc. 1958, 4333-4339

Wreanlr oot T0 o TR bl T 7 A_.. L ... CO._. 102 O4d AN1 A ANID

WWCIIRLIL, ., YWICKUCIE, D. J. AL, UNIEM., JUC. 1904, OF4, 4714471

uihnllnvic }"l 1 Qtnu“lrn\n'n A Andratayic U Ta!—-—nl-a:]-nu T otr 1OLE AK1 _ARA
'y sy AT ll MY IV, f2., nllul\v‘JV' vy V. ZCHUIWQRI UL LT, ATV, “TU LTy

Schrisder, M.; Griffith, W. P. Chem Commun. 1979, 58-59.

Shechter, H.; Rawalay, S. S. J. Am. Chem. Soc. ]964_ 86, 1706-1705,

For PhIO, see Mtlller. P.: Gilabert, N. Tetrahedron 1988, 44, 7171-7175.

For -BuQOH/ RuCl»,, see Murahashi, S.; Naota, R.; Taki, H. J. Chem. Soc. Chem. Commun. 1985, 613-
614.

For Pd, see Murahashi, S.; Yoshimura, N.; Tsumiyama, T.; Kojima, T. J. Am. Chem. Soc. 1983, 105,
5002-5011.

Bacon J, Adams RN. J. Am. Chem. Soc. 1968; 90: 6596-6599, and ref. 30.

Neison RF. “Anodic Oxidation of Pathways of Aliphatic and Aromatic Nitrogen Functions” in
Technique of Electroorgamc Synthesis, Part 1 (Technique of Chemistry, Vol. 5), Weinberg, NL. Ed.

Yol WEFIE_ o 1OvTA. A AN

JUI WIICY & DOﬂb 1¥ia: p. I~ 1T4L.

Merite I . Qatrh © . Quaotn~ma T Mhawe Mosesens. 1000 1270_12721

V110, Ih., WIAWILL, W2, Qu&lllulllb’ R Lo \AAUEHTE, \ITUHILAIL, L7007, 1O0L7-100 1.

ity K - (Yhtn N - q“nlnnmo H. Chem. Comnu 1000 10Y74_1(YI6- 1 61
\lllw., l)‘, ASRRATy AV . y u“&.‘ ARsy L Re WATECTIS, U ."."’. AIJV, AV ITT Lv’v, AN PSR AN

Orito, K.; Ohto, M.; Sugawara, M.; Suginome, H. Tetrahedron Lett. 1990, 31, 5921-5924.

Orito, K.; Yorita, K.; Suginome, H. Tetrahedron Lett. 1991, 32, 5999-6002.

Suginome, H.; Orito, K.; Yorita, K.; Ishikawa, M.; Shimoyama, N.; Sasaki, T. J. Org. Chem. 1995, 60,
3025-3064.

Orito, K.; Sato, S.; Suginome, H. J. Chem. Soc. Perkin Trans. 1 1998, 63-67.

Orito, K. ; Sasaki, T.; Suginome, H. J. Org. Chem. 1995, 60, 6208-6210.

Sasaki, Y.; Olsen, F. P. Can. J. Chem. 1971, 49, 271-282.

Satomi, Y .; Taira, S.; Hata, K. Nippon Kagaku Zasshi, 1958, 79, 1298-1301; Chem. Abstr. 1960, 54,

%ﬂ“ef,.! C.;: Cava, M. P. J. Org. Chem. 1887, 52, 616-622.
™.
] o8

Yomnl.:n. T - Tachinnsh: A - Nalan~ S » Nabkawa j 54 Bu" hase Chrn Inn 1084 §7 DAKN

1
AU, AXIMASSERLLL, 1. muu»xu, 1vi. l“l.l\n g, Wik, LTI U, JPT6e RTTR, STy &SI

NAKS
Sugimori, S. Nippon Kagaku Zasshi 1971, 92, 426-428; Chem, Abstr. 1972, 76, 24814p.
Scheppele, S. E.; Grizzle, P. L.; Miller, D. W. J. Am. Chem. Soc. 1975, 97, 6165-6165.

1]



