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Abstract - PhIO, either alone or in conjunction with RuClL (PPh,) is efficient for dehy-
drogenation of secondary, sctivated amines to imines. PRI also elfects oxidative decar-
boxylation of pheoylalanine ethyl ester Gg 1o benzyl cyanide §d. The mechanistic signif-
icance of this latter transformation, which does oot occur with other hypervalent iodioe
oxidants is discussed.

The oxidation of amines to imines is not & very frequently eocountered resction, and the scope of the known
procedures is rather limited.! Notable recent sxceptions are based on oxidants such as the di-/-butyliminoxyl radical®
and diphenylselenium bis (trifluoroacetate).? A particularly interesting procedure was reported by Murahash ef al.*
which allows high yield conversion of secondary amines with (-butyl hydroperoxide in presence of a ruthenium cata-
lyst. Since we had in previous work observed some parallel behaviousr between Ru catalyzed akcohol and hydroquinone
oxidations with r-butyl hydroperoxide® and iodosyl benzene (PhIO).® we extanded our investigations towards a series
of amines. We found that PhIO alone or, better, in presencs of RuCly(PPhy)y and molecular sieves effocts clean coo-
version of secondary, activated amioes to imines ic 70-98% yield. The principal results are summarized in Table 1.

The structural requirement for the reaction is the presence of an activating phenyl ring or double boad in a po-
sition of the C-H bond undergoing oxidation (entries 1, 2, 4, 10). Ia the absence of such activation the reaction does
oot proceed. Typicaily, totrahydroquinolioe (8a. eatry 12) affords only & 5% yield of quinoline (§b) in 12 h, and 3 4-
dihydroisoquinoline (Zb) does not further react with excess PhIO, sithough a small amount of isoquinoline always ac-
com;‘nniu oxidation of tetrshydroisoquinoline (7g). Primary amines are slso reactive; however in this case the inter-
mediate imines are hydrolyzed in sitw, and only the corresponding ketones and aldehydes are isolated in moderate to
poor yields (entries 6, 7). The presence of the Ru catalyst sccelerstes the reactions, but oxidation proceeds also ip it
absence, albeit at slower rate (entries 3, S, 11). Lo this respect PhIO differs from ¢-dutyl bydroperoxide which con-
verts secondary amines only in the presence of Ru.' On the other hand t-butyl hydroperoxide/Ru is 8 more powerful
oxidant than PhIO/Ru, since it also oxidizes tetrahydroquinoline (8a) and 3,4-dihydroisoquinoline (7a) to the fully
aromatized quinoline (§b) and isoquinoline, respectively.®

The Ru-catalyzed amine oxidation with PhIO could proceed in analogy to that with (-butyl hydroperoxide, i.e. via
s ruthenium-amine complex undergoing S-hydride elimination to s imine-hydridoruthenium species which, io turn, is
oxidized by PhIO.*’ Alternatively, a Ru-oxo coroplex® could be invoived which, after dehydrogenstion of the amine,
is regenerated by PhlO. Our experiments provide no evidence in favor of ope or the other of these mechanisms.
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Table |. Oxidation of Amines with PhIO/RuCl,(PPY,),")

b)
Entry Amine No PhiO,eq RuCL(PPh,), t(h) Product No Yéold(xi‘,
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*JConditions: see text. ®'mol-% with respect to substraze. “Msolated yield. ¥'Yield determined by G.C. solated yields
20 to 30% less. *)Ca. 60% of unreacted 33 recoversd. "No molecular sieves. $'Othar product isoquinoline (3.5%).
product isoquinolioe (15%).

The oxidation of amines to imines by PhIO in absence of catalyst may be formulatod in analogy to that of hy-
drazides to az0 compounds with PAKOAc),” (Scheme 1). Nucleopbilic addition of the amine 1g to the iodosy! function
loads to 9 which breaks down ria S-hydride eliminstioa to imine b, iodobenzene and H,O. This mechsnism is con-
sistent with that proposed for amine oxidstion with dipbenybselonium bis(trifluoromethylacetats ).
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In view of recently reporsed’®!! oxidations of certain amiso acid derivatives with PAKOAC),. the reactioe bstween
PhIO and phenyl alanine ethyl ester (Ga) was abwo investigated. In presence of molecular sioves (catry 8) bearyl
cyanide (60) was formed (80%). Without molecular gioves the yield of beaxylcyanide dropped 10 23%, snd in addition
8 12.5% yield of pheaylpyruvats () was isolated. The formation of fic suggests that the reaction of fig should procesd
first sccording to Scheme 1 t0 the imine fb, which is hydrolyssd or, in presence of molecular sieves, undergoes ox-
wdative fragmeatation, presumably vie the adduct )0, (Scheme 2) the latter is expected to decarboxylate to bearyl
cyanido(ﬁd).m,udiodom.
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The formation of bemry! cysaide (6d) {rom g and PRIO is unexpectsd: Receatty Moriarty et al.'®*  reported
specific oxidative cisavage reactions ofNH, terminal tyrosine snd tryptophase derivatives with Phl(OAc), i MeOH.
la this system the presence of the free OH of the tyrosine or the free NH groups of the isdole moisties are s prere-
quisite for the resction. Derivatives of pheaylalanine are varesctive. Accordingly, 8 mechanism was formulated vic
Mumumufmbytmdhm),onMfuxwm(&hm]).mmcﬁoammw
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the methylene derivatives )2 and 1§ or, in some cases (X = COOH or CONRz) to imioe 13 which is further oxidized
to & pitrile. In the case of phenylalanine ethyl ester (fg) this mechasism censot occur, and the reactioa with PRIO
must involve attack oo the NH, group. It follows, therefore, that the pathway shown in Schems 2 is not general for all
hypervalont iodine derivatives. Although it sccounts nicely for the specificity of the cleavage reaction, it is not defi-
nitely established even for PhI{OAc),. In fact oo evidence rules out s pathway leading to & methylene derivative vig
sttack on the NH, groups of tyrosine a8d tryptophane; the pr of electron-donating substitueats ia adducts of
type 9 could favor fragmentation to ]2 or 1S rather than dshydrogsnatioa to imines. The specificity observed with
Phl(OAc),enboucribodtothemomefrkhutobnmnh-tbymfmouotNHuoupnof:hetyruinnd
tryptophane, respectively, in comparisoa to that of unfunctioaslized analogues, such as phenyi alanine. PhlO is a more




AR P. M(ter and D M. GiLamar

powerful, but less selective reageat than PhI(OAc),' and does Dot require the prosence of slectron-releasing groups in
the substrate.

The oxidation of p-nitroaniline to p.p'-dinitronzobenssoe (40%) by PhIO has besn reported some years ago.? We
expected to extend the scope of this transformation by use of PRIO/Ru. However, the reaction is not general for aro-
matic primary amines. Under our conditions (PhI1O) an almost intractable mixture was obtained from which azobes-
2ne (16%) and aroxybenzene (28%) were isolated. Azobenrene itsolf was careactive towards PhlO. In the presence of
Ru the yields of azobenzene and azoxybenzene dropped to 8 and 7% respectively. Under the same conditions, some
conversion of azobenzene to azoxybenzene occurred (30%, 38% of starting material recovered) and nitrosobeazene was
partially (319%) converted to nitrobenzane, but these transformations are of no preparative interest. The oxidation of
amines to azo corpounds proceeds however well with PhI(OAc)’."
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EXPERIMENTAL PART’

General: "H-NMR spectra were measured at 60 MHz oa a Varian 360A or T-60A spectrometer or at 220 (Varian
XL-200) and 360 MHz (Bruker WH3560). IR spectrs were obtained with CHCl, solutions or KBr pellets on Perkin
Elmer 257 or 681 instruments. Mass spectra were measured oo Varisn SM-1 and EM-600 as weil a3 Fianigen 4000 et
70 oV. Columns of 2.5 m length and 3 mm diameter were wsed for the GC asalysss, which were carried out either
with a Cuarlo Erba 2300AC instrument conpectsd to a Hewlett-Packard 3380A integrator, or to & Hewlernt-Packard
5830 instrument. In both cases, nitrogen was used a3 carrier gas and flame jonization for detection.

The chemicals and 3olvents used are from commercial sources unless otherwise indicated. They were purified and
dried when necessary according to established methods.

fodosylbenzene: This oxidant was synthesizod from iodobeazene dichloride:'® A mixture of iodobenzene dichloride
(60 g 0.22 mol), Na,CO, (50 g) and 100 g of crushed ice were mixed until obtainment of a paste. NsOH (140 ml, SN)
was added in portions of 20 ml and with mixing after each addition. Finally, the reaction mixture was diluted with
water (100 ml) and allowed to stand overnight. The precipitate was filtered, wathed with water and, subsequently,
with CHCl,. After drying io s desiccator over l',()l (12 Torr) 23.0 g (59%) of iodosylbenzens was obtained as yellow
powder, m.p. 210°(d).

Todometric titration’® 250 mg of iodosylbenzene were added to an Erlenmeyer flask containing HSO, (100 ml,
6N), K1 (2.0 g), CHCI, (10 ml) and water (100 mi). After stirring for 15 min the mixture was titrated with 0.IN
Na,S,O‘. The end-point, indicated by decolorization of the two phases, was reached after addition of 22.7 m), which
corresponds to & purity of 98.4% of the iodosylbenzene.

Amines and imines. The following compounds, used as substrates for oxidation of for reference purposes, were
prepared by literature procedures: Cinoamyl aniline (3)'7 via reduction of the imioe 3b with NaBH,'® and 3.4-dihy-
dro-iso-quinoline (Jb) by oxidstion of commercial 1a with Fremy's salt.!® The imines were indspeadently synthesized
via condensation: b from aniline and benzaldehyde,™ 2h from benrylamine and beozaldehyde®! and 1b from aniline
and cinoamic aldehyde B

Oxidation of amines (o imines, general procedure: To the amine (1.0 mmol) dissolved in 23 ml of CH,CI, was
added at RT and under nitrogen, 0.5 g of molecular sieves (4 A) and ~0.23 mmol of internal standard. RuCl,(m.),
(9.6 mg, 0.01 mol) was added when desired, followed dy -4 oq. of PhIO and 25 ml of C‘H,CI,‘ Oxidatioa started
upon vigorous magnetic stirring and was moaitored by TLC and GC. At the end-point all of the suspended PhIO was
dissolved and the reaction mixture transpareat. The solution was fiitered and yields were analyzad dy GC using mix-
tures of known compositions of independently prepared reference compounds for determinstion of the respoase fac-
ton.3*

The imines wero isolated by columa chromatography and idestified by comparison of their physical and spectro-
scopic data with those of independently prepared samples. The conditions used for analysis and isolation are sum-
marized in Teble 2.
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Table 2. Avalyris and Isolation of Lmines

Imine Column Temp. Standard Isolation

1k Carbowax 20 M, 20% 208° Tetracosans -
KOH 2%, Chromosordb G
M. 150° Tricosane Alox neutral/CH C,
DEGS 5%, Chromosordb G 198° Octacosane Alox peutral/hexane

[~

. - - Silica gel/ethyl acetate
(flash chromatography)

Oxidation of §g (absence o/ molecular sieves). Pheny! alanine othyl ester (6g) (400 mg, 2 mmol) was oxidized in 40
ml of CH,Cl, with | eq. of PhIO. Reaction was complete after 30 min at RT. lodobenzeoe was separated from the
oxidation products by column chromatography (8:‘0,. CH,CL). After evaporation of the solvent, 100 mg of & mixture
of dearyl cyanide (6d) and othyl phenyl pyruvate (§g) io a ratio of §d/6c = 0.54 was obtained. fc was isolated vis its
2,4-dinitrophenylhydrazone derivative, m.p. 133° (Lit. 132.5-133).% H-NMR (CHCl,) of & (keto formx 7.25 (SH,
3, 430 (2H. Q). 1.4 (3H, 1). MS of 2.4-dinitropbenyibydrazone derivative (C, H N Oy 372 (M*, 2), 337 (3), 117
(203, 91 (100), 77 (17).
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