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Abstract: Stable alkoxyaryltrifiuoroperiodinanes 2 and § were prepared by oxidation of the respective parent iodo alcohols (1
and 4) with excess trifluoromethyl hypofluorite. The stability and low reactivity of 2 and § are ascribed to the strong stabilizing
influence of the five-membered ring. The reaction of 2 with trimethylsilyl chloride gives the corresponding iodine(111) species,
chloroalkoxyaryliodinane 3, and chlorine. Compound 2 is hydrolyzed with aqueous basc to give a species thought to be iodinanc
oxidc 6a. Periodinane 2 has been demonstrated, by small-scale exploratory reactions, to be a selective reagent for the oxidation
of primary and secondary amines or alcohols bearing e hydrogens to the corresponding aldehyde or ketone. In contrast to io-
dine pentafluoride, 2 does not further oxidize the product aldehydes to acids. rert-Butylamine is oxidized by 2 to give 1,1,1”,1’-
tetramethylazoethane. Phenylmagnesium bromide reacts with 2 to give fluorobenzene. Possible mechanisms for these selective
oxidations are discusscd. 1t is suggested that the stabilizing structural features of 2 make it a "tamed” analogue of 1Fs.

Introduction

lodine pentafluoride has been known since 18702 and a
few organic derivatives, in which one or more of the fluorine
ligands has been replaced by a perfluoroalkyl or perfluoroaryl
group, have been prepared.’ In 1972 Oates and Winfield re-
ported* a series of derivatives of iodine pentafluoride in which
fluorine ligands were replaced by simple alkoxy groups to give
species of the type Fs—,(OCH3),, n = 1-4. These methoxy-
fluoroperiodinanes were prepared by reaction of 1Fs with
methoxymethylsilanes at 20 °C. The periodinanes readily
decompose above 20 °C to give iodine(l1l) or iodine(l)
species.

The same workers reported® the reaction of CF31F, with
methoxymethylsilanes to yield the alkoxyperiodinanes, CF;l-
F4_,,(OCH3),,, n=1-4.

Periodinanes in which a simple alkyl group acts as a carbon
ligand are not known. A phenyl ligand is sufficiently stabilizing
to allow partial characterization of the highly reactive species,
CoHs1F4.% A related tetraacyloxyperiodinane, C¢Hs-
1(OOCR})4, R = CF;, C;3F, etc., has recently been reported’
and found to be relatively stable at room temperature.

None of these periodinanes, with the exception of iodine
pentafluoride, has shown any promise as a synthetic reagent.
lodine pentafluoride was shown by Stevens® to be useful for
the oxidative dehydrogenation of amines to nitriles or azoal-
kanes and for the oxidative condensation of amides. Olah® has
shown that selective oxidations of alkyl iodides and of tertiary
amines to the corresponding carbonyl compounds may be
carried out in inert solvents with 1Fs.

The usefulness of 1Fs as an oxidizing agent suggests that
more stable organic fluoroperiodinanes may be useful as se-
lective oxidizing agents. The preparation and reactions of
stable alkoxyaryltrifluoroperiodinanes are discussed here.

Results

Synthesis. The treatment of a solution of iodo alcohol 1 in
Freon-113 (1,1,2-trichlorotrifluoroethane) with excess tri-
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fluoromethyl hypofluorite at —20 °C results in the precipita-
tion of 2 as a white, crystalline solid (mp 191-193 °C dec)
whose 'F NMR spectrum shows an AB» pattern (J = 116 Hz)
with a doublet at ¢ 13.20 and a triplet at ¢ 41.57. Periodinane

Cl
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20 °C

2 is also generated upon reaction of CF;OF with an iodine(111)
species, chloroiodinane 3.

The gem-dimethyl analogue, 5, is obtained upon treatment
of the parent alcohol, 4, with excess of the hypofluorite. Per-
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jodinane 5 shows an 'F NMR AB- pattern with a doublet at
¢» 15.80 and a triplet at ¢ 29.90.

Hydrolysis. Periodinane 2 can be handled in the air and is
not readily hydrolyzed. The addition of water to solid perio-
dinane 2 at room temperature gives no reaction after 4 days.
Treatment of solid 2 with aqueous potassium hydroxide at
room temperature gives a white solid, possibly 6a,b. The hy-
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drolysis product shows a single, closely spaced doublet in the
"WF NMR spectrum (¢ 75.4,J = 1.5 Hz). The low-resolution
ficld-desorption mass spectrum shows a molecular ion at ni/e
416.

Periodinane 5 is more readily hydrolyzed than is the fluo-
rinated analogue, 2. In the presence of atmospheric moisture,
51is hydrolyzed after 4 h at 25 °C. The hydrolysis product was
not isolated nor further studied.
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Table I. Comparison of Selected Amine Oxidations by 2 and IFs

52935

Table I, Oxidation of Alcohols by 2, §, and IFs

amine 2 IFs alcohol 22 5b 1Fs
CoHsCH,yNH, CoHsCHO (40%)¢ CHsCN (90%)*® C¢HsCH,OH C¢HsCHO Ce¢HsCHO
CH,(CH»)sNH; CH;(CH»)4sCHO  CH3(CH;)CN (86%) (26%)
(36%)“ 51%)b p-CH;CeHy- p-CH3CeHay- p-CH3CeH4CHO
(CeHsCH,)oNH CeHsCHO (61%)¢  CgHsCHO (40%)* CH,0H CHO (56%) (39%)<
CoHsN(CH3): no reaction® CHsCHO (30%)¢ (CH3),CHOH  (CH3),CO  (CH3),CO
(CH3);CNH; (CH;3)3CN=NC- (CH3);CN=NC- (86%) (46%)

(CH3)3 (42%)¢ (CH3)3 (48%)°

¢ No optimization of yields was attempted (determined by 'H
NMR spectroscopy); reaction for 15 min, a time which was later
shown to be too bricf. ® Reference 8b. ¢ Reaction for 12 h; no un-
rcacted amine present. ¢ Reference 9.

Reactions. Periodinane 2 disappears slowly (4 days) in ac-
ctonitrile-ds, as evidenced by 'F NMR spectroscopy. A
{reshly prepared solution of 2 in acetonitrile rapidly etches glass
in the presence of air. No reaction products from 2 in solution
have been identified.

The addition of 3 or more equiv of trimethylsilyl chloride
1o a carbon tetrachloride solution of 2 at 35 °C forms the
chloroiodinane 3, trimethylsilyl fluoride, and chlorine. The
latter was identified by collection of a very volatile yellow
material capable of oxidizing iodide ion to free iodine. The
analogous reaction of 2 with methoxytrimethylsilane gives
several unidentified products but not the desired tetraalk-
oxyperiodinane.

The irradiation of 2 in the presence of toluene or anisole,
cither with or without added azobisisobutyronitrile, with a
275-W GE sunlamp at 50 °C gives no reaction.

Periodinane 2 reacts rapidly with phenylmagnesium bro-
miide, in ether, to give 90% of fluorobenzene, as determined by
1F NMR spectroscopy.

cther
2 + PhMgBr —> PhF

The reaction of periodinane 2 with primary and secondary
amines bearing « hydrogen atoms gives the corresponding
carbonyl compounds upon hydrolysis. The carbonyl com-
pounds were obtained in good to excellent yields even though
rcaction conditions (15 min at 25 °C) were not optimized
(Table 1). tert-Butylamine gives, upon reaction with 2 and
subsequent hydrolysis, 42% of azoisobutane. Periodinane 2
does not react with tertiary amines under conditions in which
rapid oxidation of primary or secondary amines occurs.

2 Hy0
RCH;NH>; —» —> RCHO

RZCHNHZ - — RzCO
(RCH»);NH — — 2RCHO
(CH3)3CNH; = — (CH;3):CN=NC(CH3)3

Primary and secondary alcohols react with 2 1o give the
corresponding aldehydes and ketones (Table 11). Reaction
conditions for these oxidations were found to be near optimal
at 25°Cand 10-12 h.

In no case has any further oxidation by 2 of the product al-
dchydes to carboxylic acids been observed. Samples of al-
dchydes were treated with excess periodinane 2 but gave no
rcaction after 2 days. In all oxidation reactions the reduction

2 Optimum reaction conditions, 12 h, yields determined by 'H
NMR spectroscopy. ® Conditions not optimized. ¢ Reference 9.

Table 111. Competitive Oxidations of Sclected Substrates by 24

substrate kel
CoHsCHaNH,/CHsCH(CH3)NH, 301
CH;CH,CH,OH/(CH3),CHOH 8.40
C(,H5CH2NHz/((CH;)zCH)zNH 14.8
CeHsCHoNH;/CoHsCH,OH 18.5

@ Excess of substrates, 2 h reaction time, product ratios determined
by 'H NMR spectroscopy.

product from periodinane 2 is the iodine(111) species, fluo-
roiodinane 7.

Competitive oxidations by 2 of primary and secondary
amines, primary and secondary alcohols, primary amine and
primary alcohol, and primary amines with primary and sec-
ondary alkyl groups were studied (Table 111). No competitive
studies utilizing periodinane 5§ were done.

On short-term storage (7 days) at room temperature or
longer storage (2-3 weeks) at —20 °C, 5 slowly decomposes,
with an accompanying loss of its oxidative power. No decom-
position products have been identified. Periodinane 5 does not
oxidize benzylamine or isopropylamine to the corresponding
carbonyl compound under controlled conditions analogous to
those used with 2. A 1arry, intractable precipitate is produced
in these reactions. Compound 5 does, however, oxidize alcohols
10 the corresponding carbonyl compounds in good yield (Table
11).

Discussion

Structure and Stability of Periodinanes. The exceptionally
low reactivity of periodinanes 2 and 5, in comparison to their
acyclic analogues, suggests the importance for pentacoordinate
iodine(V) species of the stabilizing five-membered ring effect,
for which evidence has been adduced in the chemistry of pen-
tacoordinate phosphorus(V),'® tetracoordinate sulfur-
(IV),1 hexacoordinate sulfur(V1),!2 and tricoordinate io-
dine(111).13

In addition o the effect of the ring, the periodinanes are
expected to be further stabilized by the presence of the gem-
dialkyl substituents (Thorpe-1ngold effect).!* This stabiliza-
tion, expected for both 2 and 5, is further enhanced in 2 by the
increased electronegativity of the apical ligands accompanying
replacement of the methyl groups in § by trifluoromethyl
groups in 2. The composite operation of these three effects in
2 leads to a highly stable, crystalline compound which is stable
indefinitely at room temperature and is unreactive toward
atmospheric moisture. This is in sharp contrast to the analo-
gous phenyltetrafluoroperiodinane,® which decomposes rapidly
on contact with water and is unstable to storage for more than
a few hours at temperatures of 20 °C or above.

The “octahedral” structure postulated for 2 (counting the
electron pair as the sixth ligand) is assigned primarily on the
basis of the '"F NMR spectrum by comparison to the spectra
of other periodinanes and to the known structure for iodine
pentafluoride.' The '9F NMR doublet at ¢ 13.20 (J = 116
Hz) is assigned to the two identical fluorines and the triplet at
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¢41.57 (J = 116 Hz) is assigned to the unique fluorine. These
assignments are parallel to those made by Qates and Winfield?
for the series of compounds CF3;1F,—,(OCH3),, n = 1-4. For
n = 1,adoubletat ¢ 10.0 (J = 113 Hz) and a triplet at ¢ 46.5
(J = 113 Hz) were observed in the !°F NMR spectrum.

Although other structures for 2 are consistent with the
available spectral data (for example, one which places the
alkoxy ligand opposite the electron pair), the structure illus-
trated is preferred on the basis of the structures reported for
several phosphorus analogues.!®

Similar arguments on the basis of spectral data are appli-
cable to the structure of periodinane 5.

Ligand Exchange Reactions. Because 1Fs has been shown
to react with various silyl derivatives* (such as (CH3)3;SiOCH3,
(CH3)SiCl, ete.), it is not unexpected that periodinane 2 reacts
similarly.

Treatment of iodine pentafluoride with (CH3)3SiCl yields
trimethylsilyl fluoride and a yellow solid presumed to be iodine
trichloride.* The reaction of 2 with trimethylsilyl chloride at
room temperature gives a chloroalkoxyiodinane, 3, perhaps
via trichloroperiodinane 8. Decomposition of this species into

. CCl .
2 + (CH,)siCl Ts'?é" 3 + (CH,),SIF + ClL
\ /
ol
[ .o
CH; /1'
a’
Fsy"CFs
8
a chloroiodinane (3) and chlorine is likely to be rapid. The
presence of chlorine was confirmed by the trapping of a volatile
yellow liquid at =78 °C which was capable of oxidizing iodide
anion to free iodine. An aryldichloroiodinane would be ex-
pected to react similarly with iodide ion but would not be vol-
atile.

The success of this ligand exchange reaction, even though
accompanied by reduction, suggested that analogous reactions
utilizing alkoxysilanes would make a variety of substituted
periodinanes accessible. Reactions of iodine pentafluoride with
methoxysilanes yield alkoxyfluoroperiodinanes.* The reaction
of 2 with (CH,);SiOCHj gives unidentifiable products. 1t was
initially assumed that the stability characteristic of 2 would
also be imparted to the alkoxy product, allowing its possible
isolation. Further work is required to test this assumption.

Oxidations via Periodinanes. The work of Stevens® with io-
dine pentafluoride demonstrated that primary amines bearing
« hydrogens could be oxidatively dehydrogenated to the cor-
responding nitrile. Where « hydrogens were lacking in the
amine, as in tert-butylamine, oxidation with 1Fs gave azoal-
kanes as the product.? Certain selected secondary and tertiary
amines with « hydrogens gave primarily the corresponding
carbonyl compounds. Olah® later demonstrated that iodine
pentafluoride reacts rapidly with amines, alcohols, and alkyl
iodides bearing « hydrogens to give the corresponding carbonyl
compounds. lodine pentafluoride will also oxidize the product
aldehydes to the corresponding carboxylic acids.’

pyr/CHa2Cly

1Fs + (CH3);CNH,; — (CH3)}CN=NC(CH3)3

Treatment of primary or secondary amines which contain
«¢ hydrogens by periodinane 2 gives, on aqueous workup, high
yields of the corresponding aldehyde or ketone (Table 1). Al-
though all the reaction conditions were not optimized, perio-
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Scheme 1
F F H
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7 + NH=CHR SHE E,IILNHCH,R
0
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i
7 + NH=CHR — {'—ltlH=CHR
0

dinane 2 generally gives yields comparable to or better than
those from iodine pentafluoride. In the case of dibenzylamine,
the reaction with 2 was carried out to its highest conversion,
as indicated by the lack of unreacted starting amine in the final
reaction mixture.

Both periodinane 2 and iodine pentafluoride react with
tert-butylamine (no « hydrogens) to give azoisobutane. Yields
{rom the two reactions are comparable (2, 42%; 1Fs, 48%), even
without any optimization of reaction conditions for 2. This
suggests a possible synthetic use for 2 in this alternative to other
syntheses of azoalkanes.!”

Compound 2 does not react with tertiary amines, unlike
iodine pentafluoride which rapidly oxidizes tertiary amines at
room temperature to give a mixture of carbonyl compounds.’
This more selective oxidizing agent, in contrast to iodine
pentafluoride,’ is found not to oxidize aldehydes nor cleave
methyl or benzyl ethers. Thus, periodinane 2 is a much more
selective reagent than 1Fs for the oxidation of amines or al-
cohols in the presence of other sensitive functional groups. The
increased selectivity of 2 relative to 1Fs may be attributed, in
part, to the increased stability (lower reactivity) of 2 and to the
larger steric bulk of 2 relative to that of iodine pentafluo-
ride.

Further evidence of the selectivity of 2 is indicated by the
competitive oxidations illustrated in Table 111. Periodinane 2
rcacts much more rapidly with the more nucleophilic nitrogen
centers of amines than with alcohols and also reacts more
rapidly with the less sterically hindered primary amines than
with secondary amines. A similar selectivity is observed for the
primary and secondary alcohols and for primary amines with
primary and secondary alkyl substituents. These selectivity
data also suggest that periodinane 2 is a highly selective, po-
tentially useful synthetic reagent for the oxidation of amines
and alcohols.

Stevens?® suggested that amine oxidations proceed through
iminium ion intermediates. Olah® suggested similar species as
intermediates in the oxidations of tertiary amines and analo-
gous oxonium intermediates for alcohol oxidations.

Several routes are possible for the reaction of periodinane
2 with amines (Scheme 1, the curved lines joining O to |
schematically represent the five-membered ring of 2). All of
the reaction pathways of Scheme | provide fluoroiodinane 7
and, upon hydrolysis, the carbonyl compound. Since fluo-
roiodinane 7 is observed in the spectrum of the hydrolysis
product ('’F NMR spectrum, singlet at ¢ 161.3), this product
alone does not aid in distinguishing among the several possible
routes. Nor does the fact that a white, crystalline solid, pre-
sumed to be an amine-periodinane adduct, can be isolated
from the reaction of benzylamine with 2 prior to hydrolysis,
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Scheme 11
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since the solid remains unidentified owing to its thermal in-
stability, water sensitivity, and lack of solubility in common
NMR solvents. The white solid etches glass in the solid state
and in suspension, suggesting the loss of hydrogen fluoride from
the compound.

An oxonium ion intermediate has been suggested® for the
reaction of iodine pentafluoride with alcohols and ethers, and
a similar intermediate may be involved in the oxidation of al-
cohols with 2. Scheme 11 suggests a possible, generalized se-
quence leading to the observed products.

The lower stability (higher reactivity) of gem-dimethyl-
periodinane § is evidenced, in part, by its rapid decomposition
on short-term storage at room temperature. It is further
manifest in the reactions of 5 with amines in comparison to 2.
Although both periodinanes react with amines, only 2 does so
in a controlled fashion to give carbonyl compounds. Periodi-
nane 5 reacts to give only tarry decomposition products on
workup.

Hydrolysis. An organic acyclic iodinane oxide, 9, was first
reported!® in 1901 but the compound was not adequately
characterized and no further work on 9 has been reported.
More recently!? a relatively stable alkyl iodinane oxide, 10,

ll‘“ F
|

@—1=o CF,—I=0
| |
F F

9 10

has been synthesized and fully characterized. Both species are
derivatives of the tetracoordinate iodine(V) species 1F;0,20
in which one equatorial fluorine has been replaced by an alkyl
or aryl ligand.

A species which is more closely related to 6a,b is o-iodoxy-
benzoic acid (11a,b), which was reported by Hartmann and

OHO
l/ = 17 °
l \.. §o
0 OH

0 0

Na 11b

Meyer.2! Although the acid was fully characterized and a wide
variety of its reactions were studied, no conclusions as to the
position of iodinane oxide-iodoxy acid equilibrium were
reached. A similar question concerning this type of equilibrium
is applicable to the system 6a = 6b.

The reaction of periodinane 2 with aqueous potassium hy-
droxide results in a white, crystalline solid, mp 215-217 °C,
presumed to be one, or both, of structures 6. The '°F NMR
spectrum shows only a single, closely spaced doublet (J = 1.5
Hz), which is consistent neither with the hydroxyiodinane
oxide, 6a, which is expected to show two fluorine quartets of
equal area, nor with the acyclic iodoxy alcohol, which is ex-
pected to show a fluorine singlet, without any long-range
coupling to the aromatic ring protons, lt is possible that a rapid
equilibrium between 6a and 6b, or a mixture of internally hy-
drogen-bonded species, could account for the observed spec-
trum.
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The field-desorption mass spectrum (low resolution) of the
hydrolysis product shows a peak at m/e 416, which is consistent
with 6 (molecular weight of 416). The elemental composition
of a peak at m/e 384 has been determined by high-resolution
mass spectrometry to correspond to C,oH7F¢IO, the ion which
would be produced upon loss of two oxygen atoms from the
parent ion. Although such fragmentations have not been re-
ported for iodoxybenzene derivatives, they are consistent with
such fragmentations (losses of O and O5) observed for inor-
ganic iodinane oxides such as 1F;0 and IF30,.22 Other frag-
mentations which involve losses of CF3 groups have also been
identified. Further work is necessary to confirm the structure
of the hydrolysis product.

Attempted Synthesis of an Acyloxyperiodinane. Although
periodinane 2 is a potentially useful oxidizing agent, difficulties
in its synthesis render it somewhat less accessible than might
be desirable. With this problem in mind, the synthesis of an
acyloxyperiodinane from readily available starting materials
was attempted. The reaction of chloroacyloxyperiodinane 12
with excess trifluoromethyl hypofluorite gave a sample whose
I9F NMR spectrum was consistent with periodinane 13. The

Cl F

| oF
‘I + CF,OF —CH-TIT /lIv

0 Fo
o)

12 13
spectrum showed a distinct AB, pattern (J = 118 Hz) witha
doublet centered at ¢ 26.7 and a triplet at ¢ 36.5. All attempts
to repeat this reaction in order to isolate 13 have failed.

Summary

Alkoxyaryltrifluoroperiodinane 2, the first example of a
stable pentacoordinate organoiodine species containing a
simple aryl ligand and an alkoxy ligand bonded to iodine(V),
has been prepared in 95% yield by treatment of 1-(2-iodo-5-
methylphenyl)-1-trifluoromethyl-2,2,2-trifluoroethanol (2)
with excess trifluoromethyl hypofluorite. The solid periodinane
2 is stable indefinitely at room temperature and unreactive
toward atmospheric moisture. 1ts stability and low reactivity
are ascribed to the strong stabilizing influence of the five-
membered ring. The reaction of periodinane 2 with excess
trimethylsilyl chloride affords the corresponding tricoordinate
iodine(111) species, alkoxyarylchloroiodinane 3. This ligand
exchange suggests a possible route to substituted periodinanes
by use of various alkoxysilane reagents. The reaction of 2 with
primary or secondary amines bearing « hydrogens, followed
by hydrolysis, yields the corresponding carbonyl compounds.
An analogous reaction occurs with alcohols. The reaction of
2 with phenylmagnesium bromide gives fluorobenzene in high
yield.

Similar reaction of CF;OF with o-iodocumyl alcohol gives
the gem-dimethylperiodinane 5. The latter is sensitive toward
moisture and reacts with amines to give unidentified tars.
Reactions of § with alcohols were found to give carbonyl
compounds.

Experimental Section

General. Chemical shifts for '"H NMR arc in parts per million (ppni,
& scale) downfield from tetramethylsilane (internal standard); for '°F
NMR. in parts per million upfield from CFClj; (¢ scale). Eleniental
analyscs are within 0.4% of theoretical values. Melting points are
uncorrected.

lodo alcohols 1 and 4 were prepared as previously described?? and
recrystallized prior to use. Chloroiodinanes 3 and 12 as well as fluo-
roiodinanc 7 were preparcd as described previously.?3 Freon-113 was
distilled from P-Os prior to use.

Trifluoromethyl hypofluorite (PCR, Inc.) is a toxie material
whose powerful oxidizing properties cause it to present a possible
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explosion hazard when dissolved in oxidizable solvents. Suitable
precautions should be employed when it is used.
1,1,1-Trifluoro-3,3-bis(trifluoromethyl)-5-methyl-3 H-1,2-benzio-
doxole (2). A. A suspension of iodo alcohol 1(0.2g,0.52 mmol) in 10
mL of Freon-113 was treated with excess CF3OF at =20 °C. A white
precipitate of 2 was collected by filtration, washed with pentane, and
dried (0.2 g, 0.45 mol, 95%): mp 191-193 °C, dec; IR (KBr) 1635 (s),
1538 (s), 1298 (m), 1271 (s), 1241 (s). 1175 (s), 1156 (s), 1128 (s),
971 (s), 820 (m), 753 (m), 736 cm™' (m); '"H NMR (CD3CN) § 2.56
(s, 3, CH3), 7.73 (s, 1., H ortho to C(CF3)3), 7.89 (d, 1, H para to
C(CF3),, J = 8 Hz),8.29(d, 1, Horthoto 1, / = 8 Hz): '"F NMR
(CD3CN) ¢ 13.20 (d, 2, equatorial F,J = 116 Hz),41.57 (t, |, apical
F,J =116 Hz), 74.30 (br 1. 6, CF3, J = 8 Hz); UV (pentane) Ay
200 (e 6740), 230 (3512); mass spectrum (field desorption (FD), high
resolution) m/e (calculated value, assignment) 439.9313 (439.9319,
M+.),420.9333 (420.9335, M — F), 370.9377 (370.9367, M — CF3),
332.9411 (332.9399, M = 2F, CF3). Anal. (C,1oHeF510) C, H, I.

B. Chloroiodinane 3 (0.2 g, 0.48 mmol) was suspended in 25 mL
of Freon-113 and treated with excess trifluoromethyl hypofluorite at
20 °C. Completion of 1he reaction was marked by decolorization of
the initially yellow suspension. The beige solid, 2, was washed with
pentane and dried (0.17 g, 0.41 mol, 85%), mp 190-192 °C dec.

1,1,1-Trifluoro-3,3-dimethyl-3 H-1,2-benziodoxole (5). A solution
0f 0.03 g (0.1 mmol) of iodo alcohol 4in 0.5 mL of CClgand 0.1 mL
of CHACl, was treated with excess CF;OF. The initially yellow so-
lution completely decolorized upon completion of reaction. Removal
of the solvent in vacuo gave a white powder, 5 (0.03 g, 0.09 mmol,
87%): mp 123-124 °C; IR (KBr) 3000 (m), 1650 (m), 1460 (m), 1385
(m), 1270 (s), 1175 (s), 1095 (s), 960 (m), 879 (m), 775 (s), 570 cm™!
(s): "H NMR (CCl4/CD;Cly) 6 1.70 (s, 6, CH3), 7.40-7.60 (m, |,
H ortho to C(CH3)z), 7.65-7.80 (m, 2, H para to I, H para to
C(CH3)3), 8.20-8.41 (m, I, H ortho to 1); "F NMR (CCls/CD-»Cl,)
¢ 15.80(d, 2, equatorial F,J = 110 Hz), 29.90 (t, I. apical F, / = 110
Hz): mass spectrum (10 eV) mi/e (rel intensity) 303 (94.8, M — CH3),
280 (87.8, M — 2F), 265 (100, M — CH3, 2F), 262 (24.7), 231 (23.7),
123 (22.7), 119 (26.5), 43 (25). Anal. (CsH,gF310) C, H, 1.

Attempted Synthesis of 13. A suspension of 12 (0.05 g, 0.18 mmol)
in 0.5 mL of CHCI3 was treated with excess CF3OF at 25 °C. At the
cnd of 20 min a portion of the suspended solid had dissolved and
spectra were taken. "H NMR spectrum shows a complex multiplet,
67.6-8.1; 19F NMR (CDCl3) ¢ 26.7 (d, 2, equatorial F,J = 118 Hz),
36.5 (1, 1, apical F, J = 118 Hz). Several attempts to repeat this re-
action in order to isolate 13 failed.

Oxidations of Amines. General. A suspension of 0.01 g (0.02 mmol)
of 2in 0.5 mL of CCly was trcated with 3.0 mg (0.03 mmol) of ben-
sylamine. The NMR sample was allowed to stand for 2 h, quenched
with water, and mixed with 2.0 mg (7.0 X 107% mol) of triphenyl-
methane (internal standard). Areas of the aldehyde proton and the
metliine proton were integrated at least six times. Comparison of the
arcas allowed caleulation of the relative yield of product (47% in this
case). Yields are accurate to within +3%.

Alcohol oxidations by 2 and by § were performed in a similar
Tashion.

Competitive Reactions. All of the amincs and alcohols, which are
commercially available, were used without further purification.
Periodinane 2 was prepared as above and used without further puri-
lication. NMR sample tubes were lilled with appropriate amounts
ol 2, mixed substrates. and cither CCly or Freon-113 (solvent). Per-
iodinane 2 was used in a concentration such that the products formed
did not exceed 5% of total substrates initially present. Samples were
allowed to stand for 1-2 h and were then treated with water to quench
the reaction. The relative reactivitics of the substrates toward oxida-
tion by 2 were calculated using the integrated ratc equation (1) for
the analysis.

lo
& A
| B~ Y‘
0

¢ B

Relative concentrations of products and of remnaining amines or
alcohols were determined by integration of the areas of the '"H NMR
signals. At least six intcgrals were run on every sample and results are
precise to within £3%.

Reactions of Periodinane 2. Reaction with Silanes. A solution of 50.0
mg (0.11 mmol) of 2in 0.5 mL of CD3;CN was treated with excess

A= X‘

(n

kra =
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trimethylsilyl chloride. The initially colorless solution became brilliant
yellow upon addition of the (CH3)3SiCl. The '°F NMR spectrum
showed a decet at ¢ 154.9 consistent with trimethylsilyl fluoride (lit.24
¢ 157.4). The presence of chloroiodinane 3 was confirmed by com-
parison of the "H NMR spectrum of the reaction mixture with that
of an authentic sample.?* A yellow, volatile material was collected
from the sample by bulb-to-bulb distillation and collection at —78 °C.
The material oxidizes aqueous K1 solution to give the characteristic
dark brown color of iodine. The yellow material is presumed to be
chlorine.

Reaction with KOH. A suspension of periodinane 2 (0.35 g, 0.8
mmol) in 10 mL of CD,Cl; was mixed with 0.13 g (2.4 mmol) of
powdered KOH in 1.0 mL of water. The sample, after being stirred
for 5 hat 25 °C, was neutralized with dilute aqucous HCI and ex-
tracted with cther. The extract, dried over Na;SOy, was stripped of
solvent to give a white powder (6): mp 215-217 °C; 'H NMR
(CDCl3) 6 2.56 (s, 3, CH3), 7.50-7.78 (m. 3, ArH): '°F NMR
(CDCl3) ¢ 76.10 (d, CF3,/ = 1.8 Hz); mass spectrum (FD) m/e (rel
intensity) 416 (3.7, M*.), 384 (100, M — 20), 347 (34.3, M — CF3),
315 (48.9 m/e 384 — CF3), 245 (46.7), 217 (10.9).

Reaction with Phenylmagnesium Bromide. A suspension of 2 (16.0
mg, 0.037 mmol) in 0.5 mL of Freon-113 was treated with 6.6 mg
(0.037 mmol) of phenylmagnesium bromide (2.8 M in ether). A clear
solution formed upon addition of water, the 'F NMR of which
showed a multiplet at ¢ 112.7 characteristic of fluorobenzene (1it.24
¢ 113.1). The yicld was 90% based on integration relative to 1,1,1-
trifluorocthanol as internal standard.

Reaction with Aldehydes. A suspension of 16.1 mg (0.037 mmol)
of periodinane 2 in 0.5 mL of CCl, was treated with excess of benz-
aldehyde. After the sample was allowed to stand at 25 °C overnight,
it was quenched with water and the '"H NMR spectrum was taken.
No oxidation of the aldehyde to benzoic acid was observed nor were
any other changes in the starting materials observed.
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Abstract: The reactions of polycyclic aromatic hydrocarbons in molten antimony trichloride at temperatures from 80 to 175 °C
have been studied by in situ "H NMR and quench and separation techniques. Decomposition takes place by a complex series
of hydrogen redistribution reactions whose net effect is a disproportionation of a type not previously known to occur. The reac-
tion of anthracene (1) was studied in detail. Some of the anthracene molecules lose aryl-bound hydrogen and are condensed
into larger molecules with aryl-aryl bonds such as the asymmetric bianthracenes (1V, V, and VI) and anthraaceanthrylenes
(VII and VIiI). The hydrogen released by these reactions is quantitatively captured by other anthracene molecules to form hy-
droaromatic molecules such as the 9,10-dihydro- and 1,2,3,4-tetrahydroanthracenes (11 and 111). The catalytic role of the sol-
vent’s Lewis acidity was demonstrated by the fact that the addition of a few mol % of a strong chloride donor reduced the reac-
tion rates by a large factor. The reaction behavior of a group of related arenes (naphthalene, phenanthrene, chrysene, pyrene,
perylene, and naphthacene) of widely varying basicity and oxidizability was also surveyed.

Introduction

We have briefly reported! that anthracene (I) dissolved
in high-purity molten antimony trichloride under an inert at-
mosphere undergoes spontaneous hydrogen transfer reactions
at temperatures as low as 100 °C with I serving as an efficient
hydrogen acceptor for its own Scholl condensation reactions.?
It has long been known that strong Lewis acids, such as molten
aluminum trichloride, catalyze dehydrogenation-condensation
reactions of aromatic compounds (Scholl reactions), but the
fate of the hydrogen thus released had not been demonstrated.
In the absence of added oxidizing agents, it has generally been
assumed that hydrogen is evolved as a gas. Thus, our results
are novel in two important respects: first, they demonstrate that
the substrate aromatic can serve as an efficient hydrogen ac-
ceptor for its own Scholl reactions; and second, they demon-
strate that Scholl reactions can be catalyzed by a mild Lewis
acid, antimony trichloride. A full account of this aspect of
Friedel-Crafts chemistry is reported in this article. The re-
action behavior of a group of related arenes with widely varying
basicity and oxidizability is also described. Most prior research
on the behavior of polycyclic aromatics in liquid antimony
trichloride was done at 74-99 °C3 where we found that an-
thracene disproportionates quite slowly. Some research at
higher temperatures* encountered reactions of an undeter-
mined nature.

Results and Discussion

Solutions of anthracene in SbCl; prepared by melting to-
gether the high-purity components at 80 °C under an inert
argon atmosphere were initially yellow. After about 2 h at this
temperature, the solutions took on a greenish tinge. This very
slow color change was greatly accelerated by increasing tem-
perature such that at 125 °C the solutions were a very dark
green almost immediately. Except for the first few minutes at
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125 °C, the 100-MHz 'H NMR spectrum of the melt was
dominated by a pattern fully consistent in position and fine
structure with that of molecular anthracene in nonreactive
solvents (CDCls). The appropriateness of antimony trichloride
as an NMR solvent was demonstrated by the observation of
the spectrum of the triphenylmethyl cation comparable to that
reported in FSO;H.3 The bands in the anthracene spectrum
were initially broadened with the bands of Hg o being the
broadest and those for H» 367 being narrowest at any given
instant. Since this order also corresponds to the relative mag-
nitude of the hyperfine coupling constants in the anthracene
radical cation, the broadening was attributed to exchange with
traces of radical cation.® However, the spectrum rapidly
sharpened as the radical cations decayed or as the unpaired
clectron was transferred to products of greater oxidizability.
The presence and decay of these radical cations were confirmed
by ESR at 80 °C where the decay rate was much slower. Both
the color change and spectral sharpening were irreversible since
they persisted when the solution was cycled between 125 and
80 °C.

Coincident with the sharpening of the anthracene spectrum,
the lines for 9,10-dihydroanthracene (11) were observed and

8 9 |
SO COo OO0
1 1l 111
grew with time at the expense of those of anthracene. The
methylene singlet at 6 = 3.99 ppm (referenced to MesSi = 0)
and ten resolvable lines of the AA’BB’ pattern centered at ¢
= 7.33 ppm for 1] were completely distinguishable from the
anthracene spectrum in which no lines were further upfield
than 6 = 7.5 ppm. After about an hour at 125 °C, bands at &
= 1.85 ppm and 2.93 ppm attributable to the methylene groups
in 1,2,3,4-tetrahydroanthracene (111) appeared and also con-
tinued to grow with time. Hydrogenated products I and 111
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