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The Disproportionation of Trityl Alkyl Ethers.
The Synthesis of Aldehydes and Ketones
in a Cationic Chain Reaction Involving
Hydride Transfer

Summary: Trityl alkyl ethers undergo disproportiona-
tion in acctonitrile or methylene chloride, catalyzed by
salts of the triphenylmethyl cation, to give aldehydes or
ketones and triphenylmethane in good yields.

Sir:  Alkyl ethers have been reported to be good hy-
dride donors to carbenium ions.!? Representative
ethers have been oxidized to aldehydes or ketones by
the triphenylmethyl cation with production of tri-
phenylmethane.® These oxidations are, however, in-
efficient in that only one of the alkyl groups of dialkyl
cthers undergoes oxidation, and have only recently
received scrious consideration in synthetic applications.*
Ethers also undergo disproportionation to carbonyl
compounds and hydrocarbons in related hydride trans-
fer reactions.! However, in previous reports of cther
disproportionation reactions, studied in strongly acidic
media with cthers that form relatively stable carbenium
ions, hydrogen transfer was described as occurring from

an alcohol to a carbenium jon (Scheme I).5 A similar
ScaeME 1

(RQCI{ )20 + H+ ‘_—\ (RzCII )2OH * (1)

(R,CH)OH* == R,CH* + R,CHOH (2)

R.CH* + R,CHOH — R,CH, + R,C=0H* 3)

mechanism has been proposed for thosc reactions in
which an aleohol serves simultancously as a hydride
donor and hydride acceptor.$

We have obscrved that trityl alkyl ethers undergo
disproportionation to triphenylmethane and aldchydes
or ketones when small amounts of the triphenylmethyl
cation, as the PIs—, Sb¥Fs~, and AsFs~ salts,” are cm-
ployed (cq 4). In a typical experiment trityl benzyl

(CsHs)sC+ X~

(CeH;),COCHR; ————> (CeH;),CH + R,.C=0 (4)

ether (5.0 mmol) was added as a solid to a stirred solu-
tion of triphenylmethyl hexafluorophosphate (0.50
mmol) in 10 ml of anhydrous acctonitrile. The pro-
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gress of the reaction was followed by observing the
increase in the benzaldehyde and triphenylmethane
absorptions as well as the simultaneous decrcase in the
ether signals by pmr spectroscopy. After 4 hr at room
temperature water was added, and the products were
isolated and analyzed. In scparate reactions with 0.50,
0.25, 0.10, and 0.05 equiv of triphenylmethyl hexafluoro-
phosphate (based on trityl benzyl ether used) quantita-
tive yields of benzaldehyde and triphenylmethane
were obtained.? The same amount of trityl salt as that
initially added could be recovered quantitatively, cither
as triphenylmethanol or trityl butyl cther (quenching
with butanol). Both dipolar aprotic solvents, accto-
nitrile and nitromethane, and chlorinated hydrocarbon
solvents, chloroform and methylene chloride, have been
employed. The PFs~and SbF,— salts are soluble in the
dipolar aprotic solvents, while trityl hexafluoroarsenate
is conveniently soluble in the chlorinated hydrocarbon
solvents; the trityl cthers are usually more soluble in
chloroform and methylene chloride than in nitrometh-
ane or acetonitrile. Results from the disproportiona-
tion of several representative trityl ethers are given in
Table I.  Although no attempt was made to maximize

TasLe I
DISPROPORTIONATION OF TRITYL ALKYL ETHERS IN ANHYDROUS
SoLveNTs UsING VARIOUS SALTS OF THE
TRIPHENYLMETHYL CATION®

(CsHs)sCOCHR,, Equiv % yield?
R:CH (CsHs):C+X - Solvent R:CO
Benzyl 0.10¢ CH3;CN 100
p-Chlorobenzyl 0.30 CII,Cl, 100
p-Methylbenzyl 0.10 CH,Cl; 100
p-Nitrobenzyl 1.00 CH.Cl, 1004
1-Phenylethyl 0.25 CH,Cl, 76¢
Cyelohexyl 0.25 CH.Cl, 97
Octyl 0.25 CH.ClL; 567

« Reactions were run at room temperature (23 &+ 3°). Ither
(5.0 mmol) was added to the trityl salt; unless noted otherwise,
the hexafluoroarsenate salt was used. Reaction times were
generally less than 4 hr. * Based on pmr spectroscopy and glpe
analysis by reference to an internal standard. The yield of
triphenylmethane was equal to that of the carbonyl compound.
¢ The PFs~ and SbFs~ salts were used and gave identical results.
¢ Required a reaction time of 90 hr in refluxing CH,Cl,. €249,
of the symmetrical 1-phenylethyl ether was also formed. 7 The
yield of triphenylmethane was 829.

product yields for each ether studied, the results ob-
tained indicate that the disproportionation of trityl
ethers may provide a general method for oxidation of
alcohols? to aldehydes or ketones. 1

(8) Determined by prmr spectroscopy and glpe analysis through reference
to an internal standard.

(8) Trityl ethers are conveniently prepared in high yields from trityl
chloride and aleohols.

(10) Procedures for the preparation and disproportionation of trityl
ethers will appear following these pages in the microfilm edition of this
volume of the journal. Single copies may be obtained from the Business
Operations Office, Books and Journals Division, American Chemical Society,
1155 Sixteenth St., N.W., Washington, D. C. 20036, by referring to code
number JOC-73-625. Remit check or money order for 83.00 for photocopy
or $2.00 for microfiche.
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Since ether disproportionation should be character-
ized by first-order kinetics (rate = kopsalether]), where
the observed rate constant is dependent on the con-
centration of tritvl salt (kowsa = k[CeHs)sCTX o), we
undertook a kinetic study of the disproportionation of
trityl benzyl ether. These results, given in Table II,

Tasre I1
Di1sPROPORTIONATION OF TriTYL BEN2YL ETHER IN METHYLENE
CHLORIDE AT 23.5° 1N THE PRESENCE OF TRIPHENYLMETHYL
HEXAFLUOROARSENATE?

[(CoHs)s-
[Ether], C+AsFs-], 104 Kepea,? 100 &,°
M M sec1 M-t gee 1
0.371 0.0945 1.23 1.31
0.463 0.192 2.52 1.31
0.463 0.0960 1.16 1.22
0.467 0.0192 0.268 1.41

= Kinetic determinations were made by following the increase
in benzaldehyde concentration and the decrease in ether concen-
tration by pmr spectroscopy using an internal standard. An-
alyses were identical with those determined by glpe analysis.
Temperature control was £0.1°. ? Good first-order plots were
observed through more than one half-life. ¢ Duplicate runs give
the precision as =0.08 X 10~% M ! sec™.

demonstrate the expected rate law and show that the
rate-limiting step is also the chain-propagating step
eq 5). The rate of appearance of benzaldehyde was

k
(CeH;COCHCeHs + (CeHs)CH —>
(CeH;)Ct + CH;CHO + (CH;%CH (5)

observed to be equal to the rate of disappearance of
ether, while the concentration of the triphenylmethyl

COMMUNICATIONS

cation remained constant. Although cationic chain
reactions involving hydride transfer have been recog-
nized in a number of reactions involving alkanes and
alkyl cations,! the present study represents the first
reported example of a similar chain-transfer reaction
involving ethers.

Previous studies of ether disproportionation reac-
tions have represented hydride transfer as occurring
from an aleohol to an alkyl cation (Scheme I); our ob-
servations of hydride abstraction reactions with trityl
ethers suggest that the accumulated data’ can be equally
well explained by a chain reaction involving hydride
transfer from the ether. Under reaction conditions
identical with those given in Table III, the rate of
benzyl aleohol oxidation by an equivalent amount of
triphenylmethyl hexafluoroarsenate is at least ten
times as slow as that of the corresponding trityl ether.

We are continuing investigations concerning the
synthetic utility of this oxidative method and examining
the general characteristics of hydrogen abstraction
reactions from trityl ethers and related systems.
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