
From the foregoing, it is apparent that treatment of a 
complex, substituted hydrocarbon substrate with either ele
mental fluorine or a fluoroxy reagent (with radical inhibitor) 
comprises an effective, predictable, and regioselective process 
for substitution at saturated carbon.12 
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Novel Oxidative Rearrangements with Thallium(III) 
Nitrate (TTN) in Trimethyl Orthoformate (TMOF)1 

Sir: 

Thallium(III) nitrate (TTN), since its introduction several 
years ago as a conveniently prepared, highly specific, and often 
unique oxidant,2 has been used to effect a wide variety of or
ganic transformations.3"12 The commonly employed solvents 
for these reactions have been dilute nitric acid, acidic methanol, 
or aqueous glyme containing perchloric acid. There have been 
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Scheme I. Conversion of Cinnamaldehydes to Arylmalondialdehyde 
Tetramethylacetals 

fl \ TTN/MeOH/TMOF 
<L, 7—CH=CCH=O »-

V C - / I 10-65° 
R i , 0.25-2 h 

CH(OCH3X 

R CH(OCH3)2 

(a) R = R' = H, 79% 
(b) R = 4-CH3O, R' = H, 84% 
(c) R = 4-O2N, R' = H, 63% 
( d ) R = H, R' = CH3, 83% 
(e) R = 3-O2N, R' = CH3, 50% 

reports, however, of disappointing failures with these re
agent/solvent combinations. For example, a,/3-unsaturated 
aldehydes, ketones, and esters react very slowly to give complex 
mixtures of products; seven products are obtained upon at
tempted oxidation of cinnamaldehyde in dilute nitric acid, four 
of which were identified as phenylacetaldehyde, phenylglyoxal, 
phenylglyoxylic acid, and benzaldehyde.12 

We wish to report the remarkable effectiveness of metha-
nol/trimethyl orthoformate (MeOH/TMOF) (1:1) or of 
TMOF alone as solvents for certain TTN-mediated oxidations. 
Reactions such as the above, which fail in the usual solvents, 
proceed rapidly and cleanly in MeOH/TMOF; in addition, 
strikingly different products are obtained with some substrates 
in MeOH/TMOF rather than MeOH itself. These results are 
summarized below. 

We have found that cinnamaldehydes rearrange cleanly with 
T T N / M e O H / T M O F to give arylmalondialdehyde tetra
methylacetals. It is remarkable that this conversion proceeds 
in good yield even when the migrating group is/?-nitrophenyl 
(see Scheme I). This transformation proceeds by an initial 
TTN-catalyzed conversion of the cinnamaldehyde to its di-
methylacetal;13 the oxidative rearrangement which then fol
lows methoxythallation is analogous to the TTN-mediated 
rearrangement of styrene to phenylacetaldehyde.9 

The above arylmalondialdehyde synthesis from cinnamal
dehydes constitutes a potentially general synthetic method for 
the conversion of an aryl CHO into a tert-b\ity\ substituent. 
Thus, benzaldehyde was converted into a-methylcinnamal-
dehyde by aldol condensation with propionaldehyde. Oxidative 
rearrangement with T T N / M e O H / T M O F then gave meth-
ylphenylmalondialdehyde tetramethylacetal. Acid-catalyzed 
exchange with ethanedithiol, followed by reduction under 
Wolff-Kischner conditions, gave ?ert-butylbenzene. This 
conversion can obviously be readily adapted to the synthesis 
of gem-dimethyl derivatives of the type ArC(CH3)2R, a sub
stitution pattern laborious to introduce by classical methods. 

Although cinnamic esters have been reported to react slowly 
or not at all with TTN/MeOH, 1 2 we have found that these 
substrates, in analogous fashion to cinnamaldehydes, are 
smoothly rearranged with T T N / M e O H / T M O F or T T N / 
TMOF to methyl a-(dimethoxymethyl)arylacetates. Some 
typical conversions are reported in Scheme II. 

Acetophenone rearranges smoothly to methyl phenylacetate 
on treatment with 1 equiv of TTN in MeOH.10 With 
M e O H / T M O F as solvent, however, 2 mol of TTN are con
sumed, and the product is methyl a-methoxyphenylacetate. 
Methyl phenylacetate itself is not an intermediate in this 
conversion, since it is recovered unchanged under the reaction 
conditions. We have been able to show that a-methoxystyrene 
(from TTN-catalyzed loss of methanol from acetophenone 
dimethylketal) and the trimethyl orthoester of phenylacetic 
acid are both intermediates in this conversion, which therefore 
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Scheme II. Conversion of Methyl Cinnamates to Methyl 
a-(Dimethoxymethyl)arylacetates 

J^CH- CHCOOCH, 
TTN/TMOF 

^y / 
CH 

\ 

COOCH3 

CH(OCHs)2 

(a) R = H, 96%« 
(b)R = 4-CH3, 96%« 
(c) R = 4-CH3O, 90%* 
(d)R = 2-F, 83%" 
(e) R = 4-Cl, 96%a 

"Reaction run under reflux. * Reaction run at 20° 

Scheme III. Conversion of Acetophenones to Methyl 
a-Methoxyarylacetates 

JD-COCH, 
TTN/MeOH/TMOF 
— > 

20-60° 
L5-6 h R 

(y- \—CHCOOCH3 

OCH3 

(a) R = H, 70% 
(b) R = 4-CH3O, 81% 
(c) R = 4-O2N, 87% 
(d) R = 3-C6H5O, 97% 

involves two successive methoxythallation reactions. The first 
utilizes a-methoxystyrene as substrate, and involves an aryl 
migration; the second utilizes phenylketene dimethylketal as 
substrate, and terminates with oxidative displacement of 
thallium by methanol. This synthesis of methyl a-methoxy-
arylacetates is general; some representative conversions are 
summarized in Scheme III. 

We have observed a-methoxylation of other carbonyl 
compounds under the same reaction conditions. For example, 
cyclohexanone and cyclopentanone are converted to their re
spective a-methoxyketals, phenylacetaldehyde is converted 
to a-methoxyphenylacetaldehyde dimethylacetal, and 
methoxyacetophenone is converted to phenylglyoxal dimeth
ylacetal dimethylketal. 

Although propiophenone was reported to rearrange to 
methyl a-methylphenylacetate in very low yield with T T N / 
MeOH,10 we have now found that the rearrangement is es
sentially quantitative in MeOH/TMOF. In an analogous ox
idative rearrangement, butyrophenone is converted to methyl 
a-ethylphenylacetate (93%). No a-methoxylation is observed 
in the latter two cases, apparently for steric reasons. 

The full role of TMOF in the above oxidations is not yet 
clear. With some carbonyl compounds, initial conversion to 
acetals, ketals, or vinyl ethers (catalyzed by TTN, and more 
rapid with TMOF than with MeOH alone) occurs prior to 
oxidation. In addition, however, an apparently important role 
of TMOF is to lower the dielectric constant of the reaction 
medium, thus favoring S N 2 as opposed to S N I reactions of the 
methoxythallated intermediates. Thus, we have been able to 
effect the cinnamaldehyde rearrangements reported above by 
using a solvent combination whose dielectric constant is similar 
to MeOH/TMOF (e.g., MeOH/hexane, MeOH/p-dioxane, 
MeOH/CCU), although they proceed more slowly.14 In 
marked contrast, the use of solvent mixtures of high dielectric 
constant (i.e., M e O H / C ^ C N ) led to complex mixtures of 
products. 
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Total Chromatographic Optical Resolutions of a-Amino 
Acid and Ester Salts through Chiral Recognition by a 
Host Covalently Bound to Polystyrene Resin1 

Sir: 

We report here the covalent attachment of host (RR)-I 
to macroreticular cross-linked polystyrene p-divinylbenzene 
resin, and the use of the resin for total optical resolutions 
(both preparative and analytical) of amino acids and ester 
salts.2 

plymer 

>s SS^O' 
V ^ ">v A s i t e 

~>-0^ ^ o or 
B H 'cL.o. 

1_, A • B = H; Z. A = B = B r ; 3, A = B = CH2CH2OH; 

4 , A = CH2CH2OH; B = H; 5 , A = CH2CH2-PS-CH2Cl (PS = p o l y s t y r e n e } , 

B = H; 6 , A = CH2CH2-PS-CH2OCH3, B = H 

Optically pure (JR)-2,2'-dihydroxy-3,3'-dimethyl-l,l'-
binaphthyl3 was brominated in dichloromethane ( -78° to 
25°) to give (90%) CR)-6,6'-dibromo-3,3'-dimethyl-2,2'-
dihydroxy-l,l '-binaphthyl,4mp 115-119° (CHCl3 solvate), 
[a]25578 - 6 8 ° . 5 This dibromide when refluxed for 17 h in 
(CH2)40-KOH with mole for mole optically pure (R)-
2,2'-bis-(l,4 -dioxa-6-tosyloxyhexyl)-1,1 '-binaphthyP gave 
cycle (RR)-24 (69%), mp 135-143° (solvate from benzene-
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