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ABSTRACT

0.0001-0.01 mol amt
[CPRU(CHZCN)3]PF/L

alcoholic solvent

RO ROH

R = alkyl, aryl, multifunctional alkyl, etc.

N, COOCH
L= |
=

A cationic CpRu" complex in combination with quinaldic acid shows high reactivity and chemoselectivity for the catalytic deprotection of
hydroxyl groups protected as allyl ethers. The catalyst operates in alcoholic solvents without the need for any additional nucleophiles, satisfying
the practical requirements of operational simplicity, safety, and environmental friendliness. The wide applicability of this deprotection strategy
to a variety of multifunctional molecules, including peptides and nucleosides, may provide new opportunities in protective group chemistry.

Protecting groups play a crucial, though often inconspicuous, ethers, which are then converted to the alcohols under acidic
role in multistep syntheses of organic molecules having a or oxidative condition§.A Ni,* Pd? or O catalyst can more
variety of functional groupsDeprotection, performed in the  directly remove the allyl group in the presence of excess
later steps of a synthetic sequence, requires particularly mildacid, base, reducing agent, or oxidizing agent. However, all
reaction conditions with high reactivity and chemoselectivity. of them have disadvantages that lessen their practical attrac-
From both economic and environmental points of view, the tiveness for general use such as a low level of chemoselec-
operational simplicity as well as the efficiency of the reaction tivity, reactivity, and/or atom economy. Herein, we report a
are issues that need to be addressed successfully. Among
others, the allyl, or 2-propenyl group, is a simple and (3) For isomerization-based methods, see: (a) Cadot, C.; Dalko, P. I.;

ttractiv hoi for th rotection of the hvdroxvl func- Cossy, J.Tetrahedron Lett2002 43, 1839-1841. (b) Nicolaou, K. C.;
attractive choice 1o € protection o € yd OXyl Tunc Hummel, C. W.; Bockovich, N. J.; Wong, C.-H. Chem. Soc., Chem.

tionality. Th_e correspo_nding alkyl or aryl a”_Y_l ethers formed Commun.1991, 870-872. (c) Oltvoort, J. J.; van Boeckel, C. A. A.; de
are stable in both acidic and basic conditions and have aKoning, J. H.; van Boom, J. HSynthesisl981, 305-308. (d) Boss, R.;

. . - . _ Scheffold, RAngew. Chem., Int. Ed. Endl976 15, 558-559. (e) Corey,
high potential for removal by catalytic deallylation pro E. J.. Suggs, J. Wi. Org. Chem1973 38, 3224. (f) Cunningham. J.; Gigy,

cessed. In fact, a strong base such asrt-C;HyOK or R.; Warren, C. DTetrahedron Lett1964 1191-1196.
transition metal compounds containing Ru, Rh, Ir, or Pd do 115‘(‘5)_52'3“0*“’ T.; Ogasawara, Kangew. Chem., Int. EA199§ 37,

catalyze the isomerization of allyl ethers to the 1-propenyl " (s) (a) vutukuri, D. R.; Bharathi, P.; Yu, Z.; Rajasekaran, K.; Tran, M.-

H.; Thayumanavan, Sl. Org. Chem.2003 68, 1146-1149. (b) Chan-
(1) (aProtectve Groups in Organic Synthesidrd ed.; Greene, T. W., drasekhar, S.; Reddy, C. R.; Rao, RTdtrahedror2001, 57, 3435-3438.

Wauts, P. G. M., Eds.; John Wiley & Sons: New York, 2000. (b) Schelhaas, (c) Honda, M.; Morita, H.; Nagakura, 0. Org. Chem1997, 62, 8932-

M.; Waldmann, H.Angew. Chem., Int. Ed. Engl996 35, 2056-2083. 8936. (d) Beugelmans, R.; Bourdet, S.; Bigot, A.; Zhulétrahedron Lett.
(2) Guibe F. Tetrahedron1997 53, 13509-13556. 1994 35, 4349-4350.
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new CpRu-based catalytic system that efficiently brings about ||| @8 NG

the single—s?gp deprotection of allyl ethers Withoult the need Table 1. Catalytic Deprotection of Allyl Etherd by Use of a
for any additional reagent other than an alcoholic solvent. [cprRu(CHCN);PFs (3)—Quinaldic Acid @) Combined System

RO substrate

~ ROH entry (mM) S/cb solvent time, h % yield®
1 2 1 1a(100) 100 CHZOH 05 >99
2 1a/(500) 500 CH30H 3 99
a: (233:'3;35?0“2 3 1a(1000) 1000 CHs;OH 3 9gd
c CgH5CHa(CHg)oC 4=f 1a(1000) 10000 CH3OH 17 41
d: CgHs 5  1a(100) 100 C,HsOH 2 99
i 8&2:85'3%3'22&”2 6 1a(100) 100 i-CsH70H 3 08
L2 7 1a(100) 100 t-C4HsOH 13 829
8  1a(100) 100 1:1 CH3OH—H,0 6 99
A 1:1 mixture of cyclopentadienyltris(acetonitrile)ruthenium- 9 1a (100) 100 1:1 CH3OH—DMF 6 99
(I) hexafluorophosphate ([CpRu(GBN)s]PFs) (3) and 10  1a(100) 100 1:1 CH3OH-CH;CN 3 18
triphenylphosphine (P@#Es)s) catalytically deprotects allyl 11 1a(100) 100 1:1 CH3OH-THF 0.5 99
esters in methanol viaza-allyl mechanisnt,but the system 12 1a(100) 100 1:1 CH3OH-CHCl; 05 99
is completely inert for the cleavage of allyl eth&rgvith 13 1b(500) 500 CHsOH 3 99
this result as the starting point, the ligand acceleration effect 14 ~ 1¢(500) 500 CH3OH 3 =99
for [CpRU(CHCN);]PFs (3) was combinatorially examined 6 12 ((;gg)) ;gg ggzgg g >§3
for the deprotection of allyl 2-phenylethyl ethetd in 17 1f (500) 500 CH,OH 3 04

methanol at 30C for 3 h with the standard fixed concentra-

; — ; — — a Reactions were carried out in GBIH at 30°C with [3] = [4] = 1
tions of [la] 100 mM’ [Ilgand] 1 ,mM’ r,;md B] 1. mM unless otherwise specifiellS/C= substrate/catalyst.Determined by
mM. Among the many ligands tested, including phosphines, G¢ analysis. For details, see Supporting Informatiddnder 200 mmHg

sulfides, amines, and pyridines and their derivatives pos- Ar. °T = 70 °C. [Catalyst]= 0.1 mM.9 Catalyst was insoluble.
sessing amino, hydroxyl, alkoxyl, carboxyl, or alkoxycar-
bonyl functionalities, 2-pyridinecarboxylic acid showed a
particularly high reactivity, affording 2-phenylethan@laj
in >99% yield. When the hexahydropyridine derivative,
2-piperidinecarboxylic acid, was used as a ligand, the
reactivity dramatically decreased. The use of pyridine,
benzoic acid, pyridinium benzoate, sodium 2-pyridinecar-
boxylate, 3-pyridinecarboxylic acid, 4-pyridinecarboxylic
acid, 8-quinolinecarboxylic acid, 2-(hydroxymethyl)pyridine, "~ % o
and 2-(aminomethyl)pyridine as ligands resulted in virtually significantly onvers th? reactivity (ef‘”y 10). .
no reactivity. These results clearly indicate the importance . The generality of this new catalyt_|c deprotection process
of a synergetic effect between the ligand-bybridized N IS h'gh' The allyl groups of the primary, secor?da.ry, and
atom and the adjacent COOH group of the pyridinecarboxylic tertiary alkanolls such a$a, 1b, and 1c are qua_mtltatlvely
acid producing a five-membered chelating ring with the removed (entries 2, 13, and 14). Both aliphatic allyl ethers
CpRU catalyst precursor. and allyl phenyl etherl(d) are s'moothly deprotected (entry
As shown in Table 1, use of quinaldic aci)(2-quino- 15)' Aliy 4-pent§nyl ether_xe)_ls converted o 4-pentenol
linecarboxylic acid, even further increases the reactivity, without any olefin isomerization (entry16). An acetylene-

resulting in complete reaction within 30 min (entry 1).Depro- containing alkyl allyl etheilf can also be used (entry 17).
¢ P (entry 1).Dep The high chemoselectivity is further demonstrated by the

reactions of a series of diprotectedans1,2-cyclopen-

frequency (TOF) is 700 1. In addition to methanol, ethanol
andiso-propyl alcohol can also be used as solvents, while
tert-butyl alcohol gives a lower yield because of the low
solubility of the catalyst system (entries-B) in that solvent.
When water, DMF, THF, or dichloromethane is used as a
cosolvent with methanol (entries 8, 9, 11, and 12) the yield
remains high. However, a solvent mixture of 1:1 acetonitrile

N o tanediols5a—d, in which one hydroxyl functionality is

| 0 protected as the allyl ether and the other as the benzoate,
Z benzyl ether, methoxymethyl ether,tert-butyldiphenylsilyl
4 ether. Even more highly multifunctionalized molecules such

as dipeptide6a, possessingtert-butyl ester and Fmoc

tection is possible with a substrate/catalyst (S/C) ratio as high protecting group, and nucleosidaare deprotected with high )
as 1000 (entry 3) at 3UC; this ratio can be further increased chemosel_ectlwty. 'T‘ all these cases, only the aliyl group is
10 000 at 70°C (entry 4). Under the conditions of entry 4, '€movedin=99% yield (ba—d] = [6a] = [74] =100 mM,

the turnover number (TON) is 4000 and the turnover [catalyst]= 1 mM, 30,0C' 0.5-4 h). ,
The allyl cleavage is assumed to proceed via-allyl-

(6) Kitov, P. I.; Bundle, D. ROrg. Lett 2001, 3, 2835-2838. ruthenium(lV) species, which reacts with the alcoholic
49§g§g$?ura, M.; Tanaka, S.; Yoshimura, M. Org. Chem2002 67, solvent to give the corresponding alcohblalthough the

(8) The ﬁwphosphine complex isomerizes allyl ethers to the corre- reaction is rever5|ple, exces§ SOIVent. force.s th_e equ'“b”um
sponding alkenyl ethers, although the reactivity is fBW. to the product side. Consistent with this view, nearly
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a: R =CgHsCO

b:R= CGH5CH2

c: R =CH30CH,

d:R= (t—C4H9)(C6H5)QSi
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a: R= CHy,=CHCH,»
b: R=H

guantitative generation of allyl methylether was observed

in atH NMR experiment in CROD ([1a] = 100 mM, [3]

= [4] = 1 mM, 30 °C). Neither ©)- nor (E)-1-propenyl
methyl-d; ether was produced. The high reactivity of this
CpRu-based catalytic system may be ascribed to the eonor
acceptor bifunctional abilifyof the CpRUPR/4 system,
which can form a catalystsubstrate complex such &s
Here, the hydrogen bond between the COOH group in the

species? Of importance here is the combination of the weak
carboxylic acid with the CpRUusalt of the strong acid HRF
This prevents a shift of the acithase equilibrium to the
CpRU' carboxylate/HPEside, where the bifunctional prop-
erty is essentially nonexistent.

PFe
= T

_~Ru
//N : \/
~ R

@) H--OR

8

The new CpRuP§quinaldic acid catalyst described here
functions as highly reactve and chemoselect allyl ether
cleaver in alcoholic solents undewery mild and additie-
free conditionsThe only coproduct is a volatile ether. The
efficiency and simplicity of the reaction should further
increase the practical utility of allyl ethers for hydroxyl
protection in organic synthesis.
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catalyst and the ether O atom of the substrate increases thg - Kagan.

electrophilicity of the allyl group, while the strong coordina-
tion of the o-donating sp-hydridized N atom of quinaldic
acid to the Rl center enhances the metal nucleophilicity.

Supporting Information Available: Preparation and
characterization of all substrates and products and general
procedures for deprotection of allyl ethers. This material is

Such a cooperative electronic effect accelerates the oxidativeayailable free of charge via the Internet at http:/pubs.acs.org.

addition to RU, even in conjunction with the less reactive
allyl ether, to give a cationic CpR{(z-C3Hs) carboxylate

(9) (@) Noyori, R.; Kitamura, MAngew. Chem., Int. Ed. Engl991
30, 49-69. (b) Kitamura, M.; Suga, S.; Kawai, K.; Noyori, R.Am. Chem.
Soc.1986 108 6071-6072.
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(10) Exo/endo conformation of theallyl ligand is unknown. The related
complex Cp*RuC)(CeHsCHCHCH,) takes the endo structure in crystéls.

(11) Kondo, T.; Ono, H.; Satake, N.; Mitsudo, T.; Watanabe, Y.
Organometallics1995 14, 1945-1953.
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