THE REAGENT

Tetra-n-propyl Ammonium Perruthenate (TPAP) — An Efficient and
Selective Reagent for Oxidation Reactions in Solution and on the Solid Phase

Peter Langer*
Gottingen, Institut fir Organische Chemie der Georg-August-Universitéat

Received July 13th, 2000

Keywords: Alcohols, Oxidations, Reagents, Ruthenium, Polymer-support oxidants

Contents romethane mixtures are used. Very often, there is no need for
elaborate or hydrolytic workups.

1. Practical Aspects

2. Chemoselectivity and Functional Group Compatibility 2. Chemoselectivity and Functional Group Compatibili-

3. Polymer-supported Perruthenate/PSP ty

Oxidising reagents are an essential part of modern organiOne of the key factors in the development of new chemical

chemistry. Over the years reagents have been developed éxidants is consideration of their selectivity in reactions and

show higher selectivity and functional group tolerance, thusheir functional group compatibility. Primary alcohols are

permitting the preparation of target molecules with ever in-more readily oxidized by TPAP than secondary alcohols, al-

creasing levels of structural complexity. Therefore, we have

seen reagents for the oxidation of alcohols to carbonyl com-

pounds change from the more aggressive strongly acidic or oH o

basic chromium systems of the past [1] to milder and more T8DSQ | Pr,NRUO, (TPAP) TBDSQ |~
. . . . . - 4 4

selective procedures using activated dimethyl sulfoxide rea- -

gents [2], enzymes [3], catalytic oxidants [4] and the increas- 1 85 %

ingly popular hypervalent iodine compounds, of which the

stoichiometric Dess-Martin periodinane reagent is outstand-

ing [5].
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1. Practical Aspects OE\‘A TPAP o%ﬁ/\
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In 1987 the use of tetrapropylammonium perruthenate, TPAP, (Swemn: 35 %)

as a readily soluble, nonvolatile, air stable oxidant for alco-
hols was introduced by S. V. Ley and coworkers [6, 7]. The
reagent operates at room temperature and is devoid of ob-
noxious or explosive side products. Although this reagent is o

commercially available, it can be readily prepared in a oneHOVQ/v\/k)\/K/COzCHth

pot synthesis in which RuCk nH,0 is oxidized with excess 5

sodium bromate (NaBr)in molar aqueous carbonate to

[RuQ,]~. Subsequent addition of (RHOH gives TPAP as TPAP. 78 % o

dark green crystals [8]. It is stable at room temperature and e OW\/\)\)\/K/COZCH%
may be stored for long periods of time, especially if kept re- (Swern: 12 %)

frigerated. The TPAP reagent can be rendered catalytic if suit- 6

able co-oxidants are added, of whidimethylmorpholine-
N-oxide (NMO) is most effective. The turnovers are typical-
ly around 250 and 5 mol-% of the catalyst is typically used.
Very recently, the efficient aerobic oxidation of primary and
secondary alcohols using catalytic amounts of TPAP was re-
ported [9]. In general, the use of the finely ground version of
molecular sieves (4 A) greatly improves the rate and the effi- 7 8

ciency of the oxidation reactions. Dichoromethane is mostly

used as the solvent. However, in some cases better catalyt8cheme 1Chemoselectivity and functional group tolerance
turnovers are observed when acetonitrile or acetonitrile/dichloef TPAP

3 4
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though the latter can be selectively oxidized in the presenceeatment with NMO. The state of the art represents the clean
of other functionalities [7]. One of the key features of theoxidation of primary alcohols using catalytic amounts of PSP
TPAP oxidant is its ability to tolerate other potentially reac-and oxygen as cooxidant (Scheme 2) [14].

tive groups. For example, double bonds, polyenes, enones, Based on the use of PSP and other polymer-supported rea-
halides, cyclopropanes, epoxides and acetals all remain igents an automated synthesis of biologically relevant sulfon-
tact during TPAP oxidation. Other groups such as esteramides was developed [15]. In addition, a clean three step
amides, lactones, amines, peroxides and catechols similarfyrocess for the synthesis of 1,2-aminoalcohols [16] and mul-
do not react. Equally important for organic synthesis is thati-step syntheses of isoxazoles, 4,5-dihydrbglyrazoles and
protecting groups such as SEM, MOM, BOM, MEM, DBS, 1H-pyrazoles [17] was reported. The products were obtained
TEOQC, trityl, silyl, benzyl, PMB, THP, acetate and benzoatein good overall yield and high purities without any chroma-
are stable to the reaction conditions. Even piperidines, pyrtographic purification. Isoxazolidines [18] and trisubstituted
roles, indoles, furans, thiophenes and pyridines are unreapyrroles (from isocyanides) [17] were prepared using poly-
tive. Clean oxidation of alcohols occurs in examples wheramer-supported reagents including PSP.
competitive3-elimination can be a problem with other oxi-

dants. Also, oxidation can be achieved without racemization

of adjacent stereogeniccentres or double-bond migration. O/\NMe3+RuO4‘

For example, the alcohol function of decallngas chemo- ~ Y
selectively oxidized in the presence of a double bond and of &~ ©H > A" 0
silyl protecting group (Scheme 1) [10]. The open-chain alco- CHCl3
hol 3 was chemoselectively oxidized in the presence of an
epoxide [11]. Alcoholb was oxidized in good yield in the Q/\NMe3+OAc—
presence of a highly unsaturated ester and an epoxide func-
tion [11]. Both the primary and the secondary alcohol groups MeNHOH- HCl
of steroid7 were oxidized by TPAP [12]. The examples illus- O/\NM63+RL,O4—
trate the applicability of TPAP in modern organic synthesis * o- _~~, -OH
of complex molecules. AN Al
CHs CHCl, CHg
3. Polymer-supported Perruthenate (PSP)
CO,Me HaC
The growing importance of combinatorial chemistry has led =/ 4 (55-91 %)

to an increasing demand in clean technology processes, i.6o °c, CHcl,

reactions that use environmentally friendly reagents and avoid(one-pot) COMe

the need for time-consuming purification steps. Very recent-

ly, a polymer bound version of TPAP was developed by Ley , ) ) .

etal: The polymer supported perruthenate (PSP) reagent wazcheme 3Synthesis of isoxazolines using PSP
obtained by adding Amberlyst anion exchange resin (IR 27)

containing quaternary ammonium groups, to an aqueous Sso-

lution of powdered potassium perruthenate and exposing the

mixture to ultrasound for 5 min [13]. The reagent thus ob-

. . L. . 1) PSP, CHCI

tained was used in sub-stoichiometric amounts (20 mol-%). . o 2; HCLCHCGMe  FiCu . Cl

for the oxidation of primary and secondary alcohols using = 7 ) CHCl; \(\/l[ »

NMO or trimethylamineN-oxide (TMAO) as the co-oxidant. NN NN TN come
The amines produced during the reaction are volatile and can K/N\OH 89% g

be removedn vacuo It is noteworthy, that stoichiometric
amounts of PSP can be used. In this case, no cooxidant is

required for the reaction. The filtered spent polymer reager%cheme 4Chemoselectivity of PSP
can be reused in combination with a cooxidant or by externa

The isoxazolines were prepared by PSP oxidation of alco-

O/\ NMes"RuO,~ hols to the corresponding aldehydes which were transformed

R NoH (PSP) into hydroxylamines using hydroxymethylamine hydrochlo-
- R0 ride and polymer-supported acetate as a buffer (Scheme 3).

R = aryl, alkyl, alkenyl 0,, 75-85 °C, 0.5-8 h The hydroxylamine was oxidized by PSP into the nitrone
Toluene, 56-95 % which could be used crude in the subsequent [3+2] cycload-

dition reaction with electron poor dienophiles. In all steps
using polymer-supported reagents no purifications were re-
quired. Owing to the high chemoselectivity of the perruthen-
Scheme 2Aerobic oxidations of alcohols using polymer- ate oxidant the transformations are possible in the presence
supported perruthenate (PSP) of other functional groups. For example, the tertiary amine

PSP = Polymer-supported Perruthenate
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