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Summary Primary aliphatic amines on oxidation with iodosobenzene in CH,Clp or HyO yield the

corresponding nitriles, while primary cycloalkylamines give the corresponding cyclic ketones. Lactams are
obtained by the oxidation of cyclic amines. (S)(-) Nicotine (13) is oxidized to (z)-cotinine (16). The

intermediary imine involved in these processes was trapped in the case of piperidine as the a-aminonitrile.

Oxidation of amines can lead to a variety of products depending on the nature of the oxidizing agent and the type
of amine (primary, secondary or tertiary). Recently, Butler has compared the oxidation of various amines using
lead (I'V), thallium (III) and mercury (II) reagents.1 More recently, Barton et al. have described the oxidation of
secondary amines using phenylselenic acid or anhydride and the trapping of the imine with hydrogen cyanide as
the ()L-cyam;xnnim’:.2 Hypervalent iodine and hypervalent organoiodine have had limited use in the oxidation of
amines. Varvoglis notes that aliphatic amines are oxidized by diacyloxyiodoarenes to complex mixture of
products‘3 In an extension of our work on the oxidative decarboxylation of cyclic amino acids,4 we report now
the oxidation of amines with iodosobenzene in CH;Cl; or in water.

Treatment of benzylamine (1) (1 equiv.) with iodosobenzene (2 equiv.) in CHClj yielded the dehydrogenation
product benzonitrile (2).5 Similarly oxidation of n-hexylamine (3) leads to n-hexanenitrile (4) (Eq. 1 and Table 1).

R=CHyNH; ———p  R—-CamN (Eq. 1)

1 R=CgHs 2 R=CgHg

3 R= n-GgHy, 4 R=n-CeHyy
Treatment of cyclohexylamine (5) or cycloheptylamine (7) with equimolar amounts of iodosobenzene in water
resulted in formation of cyclohexanone (§) and cycloheptanone (8), respectively, (Eq. 2 and Tablel).
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Oxidation of cyclic amines [pyrrolidine (9) and piperidine (11)16 by iodosobenzene in water led to lactams [2-
pyrrolidinone (10) and d-valerolactam (12)], respectively, Eq. 3].
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The a-oxidation of cyclic amines [piperidine (11) for example] probably proceed via (D), an initial nitrogen-iodine
type intermediate (Scheme I). The nitrogen-iodine bond dissociates to give iodobenzene and imine (E). The
synthesis of phenyliodine (III) bis(phthalimide)7 and N-phenyliodonioamide tosylates? support this proposed
nitrogen-hypervalent organoiodine structure. As found in the case of the oxidative decarboxylation of L-proline
which proceeds via initial formation of 1-pyrroline,4 it is proposed that imine (E) reacts again with a second
equivalent of iodosobenzene to give intermediate (F), which then reductively eliminates iodobenzene to give (G),

which tautomerizes to §-valerolactam (12).
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The imine intermediate (E) was trapped by adding trimethylsilyl cyanide to a cooled mixture of iodosobenzene in

dichloromethane and piperidine (11) . Neutralization and subsequent workup of the reaction mixture yielded a-
cyanopiperidine (13), isolated as its crystalline hydrochloride (14, Eq. 4, Table 1).
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Cyclic tertiary amines (1 equiv.) are likewise oxidized to the corresponding lactams on treatment with
iodosobenzene (2 equiv.) in water. It is interesting that (S) (-) nicotine (13) is oxidized to (1) cotinine(16) on
oxidation with iodosobenzene in water. (Table 1)

(Si}  _15 (*) 16
1-Methylpyrrolidine (17) and 1-methylpiperidine (19) are oxidized to 1-methyl-2-pyrrolidinone (18) and 1-
methyl-2-piperidone (20), respectively, with iodosobenzene in water. Other examples are N-(1-
phenylcyclohexyl)piperidine (phencyclidine, PCP) (21) — N-(1-phenylcyclohexyl)piperidone (22), N-(1-
cyanocyclohexyl)piperidine (23) — N-(1-cyanocyclohexyl)piperidone (24) and 1,2,3,4-tetrahydroisoquinoline
(25) —* 1,2,3,4-terahydroisoquinolinone (26).
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Table 1. Oxidation of Ami
Amines Conditions Product(%yield®  mp or bp [Lit. mp or bp]
1 A 2 (48) 35.400C/0.05mm [1880C)8
3 A 4 7 30-350C/0.8mm [161-1640C]3
5 B § (49 38-459C/5mm [155°C13
7 B 8 (52) 59-630C/5mm [179°C)3
9 B 10 49) 22.250C [23-250C
u C 2 (8 36-400C [38-400C]8
u D 14 (19 135-136°C [1380C)°
15 E 16 (0 yellow oil [210-2110C)10
11 F 18 (55 80-829C/10mm [81-819C/10mm]®
19 F 20 (53 104-106°C/12mm [105-106°C/12mm]®
2l E 2 (55 oilP
23 E 24 (55) oil¢
e G 26 @3 56-580C [580C]11

Conditions A: (PhIO),, 2 Eq, CH2Cl, 3 days; B: (PhIO), 1 Eq, H20, 09 1 hr, then overnight at RT;
C:(PhlO)y, H20, 09: 1 hr, then 4 hr at RT; D:(Phl0),/TMS-CN, CH2Clp -78 to 259, 3 hr, then HCI (gas);
E:(PhIO)p, 2 Eq, 96 hr at RT; F:(PhIO), 2 Eq, H»O, 36 hr; G:(PhIO)n/CH,Cly, 3 days.

a. Purified by column chromatography (neutral alumina) using hexane; dichloromethane (5:1).

b. IR(neat) cm-1l: 1659 cm‘l(sharp C==0 strctching);IH-NMR(CDCl'_;) 8:1.2-2.9(m,16H,8xCHj), 3.4(m, 2H,
N-CHj3-), 7.45 (m,5H, aromatic protons). Showed satisfactory C, H and N analysis.

¢. IR(neat) em-l: 2212 (sharp Ca=N stretching), 1660 (sharp CamO stretching); 1I-I-NMR(CDC13) §: 1.3-
2.1(m,12H,6xCH3), 2.2(m,4H,2xCH>), 3‘3(m,2H,CH2). Showed satisfactory C, H and N analysis.
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