
10.1021/ol202270g r 2011 American Chemical Society
Published on Web 09/14/2011

ORGANIC
LETTERS

2011
Vol. 13, No. 20
5544–5547

A Mild Ligand-Free Iron-Catalyzed
Liberation of Alcohols from Allylcarbonates

Andr�e P. Dieskau and Bernd Plietker*

Institut f€ur Organische Chemie, FB Chemie, Universit€at Stuttgart, Pfaffenwaldring 55,
D-70569 Stuttgart, Germany

bernd.plietker@oc.uni-stuttgart.de

Received August 22, 2011

ABSTRACT

Different from most carbonates the allyloxy carbonyl protecting group can be cleaved under neutral conditions using metal catalysis. However,
most of the catalysts employed to date are based upon precious metals. Herein we present two protocols for the mild Fe-catalyzed liberation of
alcohols from allylcarbonates that are characterized by broad functional group tolerance and exclusive chemoselectivity.

The selective protection and deprotection of heterofunc-
tional groups is often a prerequisite for performing com-
plex molecule synthesis.1,2 Apart from aspects such as
selective introduction of the protecting group and ortho-
gonality toward several reaction conditions, the mild
and selective removal of the protecting group is of ut-
most importance. Carbonates possess several advantages
as protecting groups.3 They are inexpensive, are stable
under a variety of reaction conditions, and can be tuned
with regard to their reactivity by adjusting the steric
and electronic properties of the remaining substituent.
Common carbonate protecting groups such as e.g. BOC
(t-butyloxy carbonyl), Fmoc (fluorenylmethyloxycarbonyl),
or Cbz (Z) (carbonylbenzyloxy) are cleaved under acidic,
basic, or reductive reaction conditions. The related Alloc-
group (allyloxycarbonyl) on the other hand offers the
chance to be cleaved in the prescence of low-valent metal
complexes via an allylic substitution mechanism under

neutral reactzion conditions. Whereas in the latter type
of deprotection reaction Pd-complexes are commonly
used,4,5 we present herein a mild method for the cleavage
of allyl carbonates for the liberation of the desired alcohol
using the readily available and stable ferrate [Bu4N][Fe(CO)3-
(NO)] (TBAFe)6 as a catalyst and isopropyl thiol as an allyl
scavenger at 40 �C in ethanol.
Based upon recent studies by us and others on Fe-

catalyzed allylic substitutions,7 transesterifications,8 and
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hydrosilylations,9 we wondered whether it would be pos-
sible to develop this type of nucleophilic catalysis further
into a novel deprotectionmethod for allyl alkyl carbonates
applying an iron-based alternative10 to the established
palladium-based systems.4,5 Moreover, a practical, timely
deprotection reaction is characterized by traceless removal
of the deprotection side products. Hence, a special empha-
sis was placed upon the identification of a volatile allyl
scavenger that delivers a volatile allylation product, which
allows for easy removal of all impurities andbyproducts by
simple evaporation of the crude reaction mixture. Various
allyl scavengers have been employed in the corresponding
Pd-catalyzed deallylation reaction. Hence, at the outset of
our investigations different scavengers were tested in the
deprotection of sterically hinderedmenthol derived carbo-
nate 1 under the reaction conditions that proved successful
in the allylic substitutions (Table 1).7

From these results it is obvious that thiols are most
suitable for the deprotection. For reasons of convenience
we selected isopropyl thiol as the scavenger of choice for
further optimizations for three main reasons. Apart from
the acceptable smell, the volatility of the scavenger and
allylated scavenger plus its low price fulfilled all the criteria
for an applicable deprotection protocol. Since both reac-
tion temperature and catalyst perfomance needed to be

optimized we subsequently turned our attention toward a
screening of solvent effects (Table 2).
The reaction proceeds in quantitative conversions in

polar solvents. Both ethanol and 1,4-dioxane (entries 4
and 5, Table 2) gave full conversion after 12 h at 60 �C. At
this point the influence of ligands was investigated. A
variety of different monodentate ligands were tested. Bulky
electron-rich phosphines were the most potent ones. Using
either PCy3 or PMes3 (Mes = 2,4,6-trimethylphenyl), full
conversionwasobtainedusing 2.5mol%TBAFe, 2.8mol%
ligand at 40 �C.At this temperature only ethanol allowed for
good conversion rates (conditions A, Scheme 1). Recently
we disclosed a related study in which we were able to
show that TBAFe in the presence of an excess thiol is
transferred into electron-rich binuclear Fe-complexes of
the type [Bu4N]2[(NO)2Fe(SR)]2.

11 These carbonyl-free
complexes allow for a regioselective sulfenylation already
at temperatures of 40 �C under ligand-free conditions.
Alternativley, the acitve species can be prepared in situ
starting from the readily available oxidized complex
[(NO)2Fe(SR)]2, potassium hydride, and TBABr. We en-
visioned complexes of this type to be formed under the
given deprotection conditions. To our delight [Bu4N]2-
[(NO)2Fe(SR)]2 is equally capable of deprotectingmenthol
derivative 1 quantitatively even in the absence of any
ligand (conditions B, Scheme 1).
With the optimized conditions in hand we subsequently

turned our attention toward an exploration of the scope
and limitation of this process (Table 3).

Table 1. Fe-Catalyzed Liberation of Alcohols: Influence of the
Allyl Scavengera

entry scavenger conv (%)b

1 NaBH4 28

2 BH3*Et3N �
3 PhSiH3 �
4 [NH4][HCO3] �
5 PhSH 96

6 iPrSH 97

aAll reactions were performed on a 1.0-mmol scale in the presence of
allyl alkyl carbonates (1.0 mmol), scavenger (2.0 mmol), TBAFe (0.05
mmol), and PPh3 (0.06 mmol) in THF (1 mL) under a N2 atmosphere.
bDetermined by GC-integration using dodecane as external standard.

Table 2. Fe-Catalyzed Liberation of Alcohols: Influence of the
Solventa

entry solvent conv (%)b

1 DMSO 77

2 DMF 17

3 CH3CN 69

4 EtOH 99

5 1,4-Dioxane 93

6 THF 55

7 MTBE 80

8 Dichloromethane �
9 Toluene 78

aAll reactions were performed on a 1.0-mmol scale in the presence of
allyl alkyl carbonates (1.0 mmol), iPrSH (2.0 mmol), TBAFe (0.05
mmol), PPh3 (0.06 mmol) in the given solvent (1 mL) under a N2

atmosphere. bDetermined by GC-integration using dodecane as exter-
nal standard.
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A variety of functional groups are stable under both
deprotection conditions. Acid labile or base sensitive
protecting groups are not reactive (entries 5�10, Table 3).

Furthermore carbamates are stable under the given con-
ditions thus allowing for a selective monodeprotection of
N,O-bis-alloc-protectedaminoethanol18, serine derivative
19, and tyrosine derivative 20 (entries 14�16, Table 3).
To avoid possible transesterification processes, MeOH
was used as the solvent. As already observed in the Fe-
catalyzed transesterifcations the mild and neutral reaction
conditions allow for a successful deprotection without
epimerization of labile stereocenters. In all cases the de-
sired product was obtained with almost full conservation
of enantiopurity (entries 13, 15�17, Table 3). Both cata-
lytic systems display a similar reactivity andhencemight be
regarded as equally suitable.
These results set the stage for a selective Fe-catalyzed

transprotection of tyrosine derivative 20. Hence, when
20 is subjected to the deprotection conditions with
subsequent addition of Boc2O

12 and catalytic amounts
of CBr4, the desired O-Boc-N-Alloc-protected tyrosine
derivative 39was obtained in 89%yield over two steps in
a one-pot operation (Scheme 2). The analogous trans-
formation employing standard protocols1,4a using cata-
lytic amounts of [(Ph3P)4Pd] and allyl scavengers such as

Table 3. Fe-Catalyzed Liberation of Alcohols: Substrate Scopea

aAll reactions were performed on a 1.0-mmol scale in the presence of
allyl alkyl carbonates (1.0 mmol), iPrSH (2.0 mmol) under conditions A:
TBAFe (0.025 mmol), PMes3 (0.028 mmol) in EtOH (1 mL) under a N2

atmosphere; or conditions B: [Fe(NO)2(SBn)]2 (0.0125 mmol), KH
(0.025mmol), TBABr (0.025mmol) inTHF/EtOH(0.3/1mL). b Isolated
yields. The enantiomeric excess as a percent value is given in parentheses.
cMeOH was used instead of EtOH. dThe enantiomeric excess was
determined by chiral HPLC. eEstablished by 19F NMR spectroscopy
using theMosher ester methodology. fEnantiopurity was established by
comparison of optical rotation with literature values.

Scheme 1. Fe-Catalyzed Alloc-Deprotection

Scheme 2. Chemoselective One-Pot Fe-Catalyzed Transprotec-
tion

(12) Chankeshwara, S. V.; Chebolu, R.; Chakraborti, A. K. J. Org.
Chem. 2008, 73, 8615.
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dimedone, morpholine, or NaBH4 led to mixtures of
mono- and bisdeprotected product as well as to the
corresponding allyl ethers and amines through decar-
boxylative coupling.
With these results in hand we finally set out to explore

the utility of our deallylation reaction in carbohydrate
chemistry. Indeed Fe-catalyzed O-deprotection of 21

and subsequent addition of the glycosyl donors 40a�c

using standard coupling procedures led to the formation

of the desired disaccharide 41 in good yields and, depend-
ing on the glycosyl donor, good to excellent R�β-selec-
tivities (Scheme 3). Notably not only thiophenyl but also
chloroacetimidate activated glycosyl donors can be suc-
cessfully converted to the corresponding disaccharides.
Iron catalysis has recently faced a tremendous comeback

in the field of organometallic catalysis. The use of only
catalytic amounts of the well-defined complex TBAFe
[Bu4N[Fe(CO)3(NO)] allows for neutral reaction condi-
tions thus preventing undesired side reactions even on
multifunctional organic scaffolds. The presented study
underlines these previous observations. In the presence of
only catalytic amounts of the air stable and readily acces-
sible complex TBAFe and PMes3 as a ligand, allyl alkyl
carbonates are liberated in the presence of a variety of
different functional groups without corruption of labile
stereocenters. Further studies revealed a binuclear species
derived fromTBAFe in the presence of an excess of thiol to
be of comparable reactivity, however, under ligand-free
conditions. Future work along these lines includes an
extension of these methods to the deprotection of allyl
carbamates and their application in peptide synthesis as
well as in novel glycosylation reactions.
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Scheme 3. Fe-Catalyzed One-Pot Deprotection�Glycosylationa

aThe R/β-ratio was determined by integration of OMe-groups in the
1H NMR spectra.


