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Abstract: Er(OTf);isproposed asavery gentle Lewis acid catalyst
in a chemosel ective method for the cleavage of akyl and cyclic ac-
etals and ketals at room temperature in wet nitromethaneis present-
ed.

Key words: erbium(lll) triflate, Lewis acid catalyst, acetals, ketals

The principles of green chemistry can guide the chemists
to waste minimization in fine chemica processes through
the substitution of classical organic syntheses employing
stoichiometric amounts of inorganic reagents with clean-
er, catalytic alternatives.! Animportant part of our efforts
toward more environmentally friendly chemistry isamed
at developing new catalytic reagents for valuable protec-
tion/deprotection steps of functional groups.? Acetals and
ketals are frequently used to protect carbonyl function
during complex synthetic pathways,® and a wide variety
of methods using Lewis acids have been developed for
their deprotection in mild conditions. In recent years the
use of mild Lewis acid catalysis has increased very
quickly* and some lanthanide derivatives were proposed
as catalysts in the very gentle deprotection procedures of
acetals and ketals.?*® It is worth noting that many lan-
thanide triflates were efficient for this purpose, showing a
regular variation of their properties along the serieswhich
can be tuned through a proper choice of the cation. K obay-
ashi et al. ® suggested a correlation between the catalytic
activity of ametal cation and two kinds of constants: hy-
drolysis constants (K;) and exchange rate constants for
substitution of inner sphere water ligand (WERC). The
metal s, which exhibited good catal ytic activity in screen-
ing experiments had pK, values in the range 4-10 and
WERC values greater than 3.2 x 10° M~1s™. More recent-
ly, the relative Lewis acidity of rare earth metal triflates
was evaluated based on their competitive ligand dissocia-
tion from complexes using tandem mass spectrometry.” In
this last study Er(l11) resulted in one of the most active
lanthanoid (111) derivatives, and in addition, its K,, and
WERC values are respectively 7.9 and 1.4 x 10® perfectly
in accordance with Kobayashi findings. Nevertheless, er-
bium(l11) triflate has been inexplicably neglected despite
the fact that it was used with satisfactory results as Lewis
acid catalyst in several reactions.®® Thus, we decided to
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explorethe activity of Er(OTf);asalewisacid catalystin
the deprotection reaction of ketals and acetals.

We preliminarily tested the catalytic activity of Er(OTf),
in the deprotection of 1,1-diethoxy cyclohexane as refer-
ence substrate using Er(OTf)5 in 1 mol% at room temper-
ature in different solvents. Er(OTf), acts more efficiently
in polar solvents such as CH;NO, and CH,;CN saturated
with water. Less satisfactory results were obtained in wet
THF, diethyl ether, chloroform, and dichloromethane
(Table1). Furthermore, only 80% of deprotected sub-
strate was recovered after an hour of reaction in wet
CH;NO, using only 0.1 mol% of catalyst. The water
seems to be an essentia element in the reaction pathway,
and only very low yields of deprotected product were ob-
tained when dry solvents were used (Table 1).

Tablel Deprotection of 1,1-Diethoxy Cyclohexanone by Using
Er(OTf); in Various Wet or Dry solvents

OCH,CHs

Er(OTf)3
— e o

OCH,CHz 1 mol %

Solvent Time Yield (%)

CH,CI, 1d 64
CHCl, 1d 60
Et,O 90 min 37
THF 90 min 30
CH;CN 1d 38
CH,CN wet 240 min >99
CH.NO, 1d 45
CH,NO, wet 30 min >99

Based on results reported in Table 1, we adopted asimple
experimental procedure that involves stirring the solution
of acetal or ketal substratesin nitromethane saturated with
water in the presence of Er(OTf),.°

Dialkyl acetals and keta's derived from aromatic as well
as diphatic carbonyl compounds underwent smooth
deprotection at room temperature without significant dif-
ferences (entries 1-6 and 11, Table 2). No substantial dif-
ferencesin reactivity between dimethyl and diethyl ketals
were registered, and cyclohexanone dimethyl and diethyl
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ketals were both removed very quickly (entries 1 and 2,
Table 2).

Cyclic acetals and ketals required prolonged reaction
times to be quantitatively deprotected. So 2-phenyl-1,3-
dioxolaneisdeprotected in 12 hours, meanwhileits parent
derivative, benzaldehyde dimethylaceta gave the corre-
sponding adehyde in only 1 hour (entries 3 and 7,
Table 2). The current method is compatible with the pres-
ence of other functional groups on the substrates such as
triple bond, hydroxyl and carbonyl groups (entries 4, 6,
and 16; Table 2). In the case of heptana dimethyl acetal
(entry 5, Table 2), it was noted that after a prolonged re-
action time the yield of deprotected product fell to only
60%.

The cleavage of cyclic acetals and ketals of aromatic car-
bonyl compounds was showed to be strongly dependent
on the presence of electron-withdrawing groups on the ar-
omatic ring. In fact, it was possible to obtain quantitative
deprotection of 2-(chlorophenyl)1,3-dioxolane (entry 8,
Table 2), by raising the amount of Er(OTf); to 5 mol%.
Also no cleavage was observed for 2-(4-nitrophenyl)-1,3-
dioxolane even after avery long reaction time and using a
higher amount of catalyst (entry 9, Table 2). However, 2-
(4-nitrophenyl)-2-methyl-1,3-dioxolane ~ (entry 13,
Table 2) was completely deprotected using 30 mol% of
catalyst after 4 days, confirming the trend in which the ar-
omatic cyclic ketals are more labile than the correspond-
ing acetals (entries 7-9 and 10, 12, 13; Table 2). Er(OTf),
showed its extraordinary activity also in the case of diac-
etone D-glucose. Diacetone-D-glucose was converted ex-
clusively to 1,2-isopropylidene-D-glucose with good yield
after 3 hours using only 1 mol% of catalyst meanwhile,
25% of D-glucose was obtained after prolonged reaction
time using higher percentage of Er(OTf); (entry 14,
Table 2).

Moreover, this method may be proposed to selectively
deprotect acetals and ketalsin presence of some other pro-
tecting groups (Ac, Bn, p-MeOBn, TBDMS) such as is
shown for differently protected 2,2-dimethoxycyclohex-
anol (entries 16-19, Table 2).

Table2 Deprotection of Acetalsand Ketalsin Wet CH;NO, Using
Er(OTf)s

Entry  Substrate Er(OTf); Time Yield

mol (%)  (h) (%)

1 OCH,CHg3 1 0.3 >99

2 OCHjg 1 04 >99
Ko

3 OCH; 1 05 >99

4 OCH,CHs 1 15 >99
OHC

OCH,CH3

Table2 Deprotection of Acetalsand Ketalsin Wet CH,NO, Using
Er(OTf); (continued)

Entry  Substrate Er(OTf); Time Yield

mol (%) (h) (%)
5 /\/\/\<OCHE 1 1 90
OCHj
6 OCH,CH3 1 6 95
Ph—C=C~ ‘OCH,CH3

7 o 1 2 %
O~

8 o 1 0 76
a—@—( :[ 5 8 97

(6]

9 o 5 148 <

ow—@—( ] 30 148 <1
(6]

10 1 1 93
O/\\o
11 H3CO><OCH3 1 5 >99
Ph Ph
12 1 120 95
13 5 148 43
o/\\o 30 96 94
OZN4<:>><CH3
14 e} 1 3 782
>< 30 168 68"
o~| o
o}
5o X
15 OH 1 0.5 >99
OCHs
OCHs
16 OAc 1 27 94
OCHjg 5 4 >99
OCHs
17 OTBDMS 1 2 >99
OCHs
OCHs
18 OBn 1 25 >99
OCHs
OCHjz
19 O-p-MeoBn 1 3 >99

e
OCH3
aThe 1,2-O-isopropylidene-D-glucopyranoside is the only product

formed.
b 25% of D-glucose was also collected.
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Er(OTf); can be used severa times without significant
loss of activity. After work-up, the agqueous phase can be
evaporated under reduced pressure to furnish Er(111) salt
which can be reused after drying overnight over P,Os.

Er(OTf); has be proven to be a very versatile agent for
deprotection of acetals and ketals under almost neutral
conditions; a0.1 M solution of Er(OTf); in water is only
weakly acidic (pH ca. 5.9), and the agueous layer from
workup was less acidic (pH ca. 6.6). Furthermore, the use
of Er(OTf); asaLewisacid catalyst in the deprotection of
acetals and ketalsis, also an improvement with respect to
the use of Ce(OTf), that we recently reported. Er(OTf),
is much more active than analogous cerium (I11) deriva-
tive and amounts 6-50 times smaller are sufficient to hy-
drolyse the same substrates. Finally, Er(OTf)5 isnon toxic
and commercially available at alower price than other ac-
tive lanthanide triflates;' it presents still some other ad-
vantages in terms of many green chemistry principles: it
isof general useinthe cleavageof dialkyl aswell ascyclic
acetals and ketals giving very high yields of carbonyl
compounds with good selectivity and very smooth reac-
tion conditions, only catalytic amounts of promoter arere-
quired, the reactions are conducted at room temperature,
and it is easy to recover and reuse the catalyst.

Deprotection with Er (OTf)4; Typical Procedure

A solution of 1,1-diethoxycyclohexane (172.3 mg, 1.0 mmol) and
Er(OTf); (6.14 mg, 0.01 mmol) in CH;NO, saturated with water (20
mL) was stirred at r.t. After 30 min, the solvent was removed under
reduced pressure and the residue was extracted with Et,O. The or-
ganic layer was washed with water and dried over anhyd. N&,SO,.
The yield of cyclohexanone was determined by GC-MS using the
standard addition method (>99%). All compounds reported in
Table 2 were isolated by flash chromatography and their full NMR
and IR data were compared with those of a pure sample.

Synthesis 2004, No. 4, 496—-498 © Thieme Stuttgart - New York

References

(1) (a) Anastas, P. T.; Warner, J. C. Green Chemistry: Theory
and Practice; Oxford Science Publications: Oxford, 1998.
(b) Collins, T. C. Green Chemistry: Frontiersin Chemical
Synthesis and Processes; Oxford University Press: Oxford,
1998. (c) Tundo, P.; Anastas, P.; St Clair Black, D.; Breen,
J.; Callins, T.; Memali, S.; Miyamoto, J.; Polyakoff, M.;
Tumas, W. Pure Appl. Chem. 2000, 72, 1207.

(2) (a) Bartoli, G.; Cupone, G.; Dalpozzo, R.; DeNino, A.;
Maiuolo, L.; Marcantoni, E.; Procopio, A. Synlett 2001,
1897. (b) Bartoli, G.; Cupone, G.; Dalpozzo, R.; De Nino,
A.; Maiuolo, L.; Procopio, A.; Sambri, L.; Tagarelli, A.
Tetrahedron Lett. 2002, 43, 5945. (c) Dapozzo, R.; De
Nino, A.; Maiuolo, L.; Procopio, A.; Tagarelli, A.; Sindona,
G.; Bartoli, G. J. Org. Chem. 2002, 67, 9093. (d) Dal pozzo,
R.; DeNino, A.; Maiuolo, L.; Procopio, A.; Nardi, M.;
Bartoli, G.; Romeo, R. Tetrahedron Lett. 2003, 44, 5621.

(3) (a) Greene, T. W.; Wuts, P. G. M. Protective Groupsin
Organic Synthesis, 3rd Ed.; John Wiley and Sons: New
York, 1999. (b) Kocienski, P. J. Protecting Groups, 1st Ed.;
Georg Thieme Verlag: Stuttgart, 1994.

(4) (a) Steel, P. G. J. Chem. Soc., Perkin Trans. 1 2001, 2727.
(b) Kobayashi, S.; Manabe, K. Acc. Chem. Res. 2002, 35,
209. (c) Kobayashi, S.; Sugiura, M.; Kitagawa, H.; Lam, W.
W.-L. Chem Rev. 2002, 102, 2227.

(5) (& Marcantoni, E.; Nobili, F.; Bartoli, G.; Bosco, M.;
Sambri, L. J. Org. Chem. 1997, 62, 4183. (b) Carrigan, M.
D.; Sarapa, D.; Smith, R. C.; Wieland, L. C.; Mohan, R. S. J.
Org. Chem. 2002, 67, 1027.

(6) Kobayashi, S.; Nagayama, S.; Busujima, T. J. Am. Chem.
Soc. 1998, 120, 8287.

(7) Tsuruta, H.; Yamaguchi, K.; Imamoto, T. Chem. Commun.
1999, 1703.

(8) Castel, P.; Galia, M.; Serra, A.; Sdlla, J. M.; Ramis, X.
Polymer 2000, 41, 8465.

(9) All the chemicals were purchased from commercial sources
besides the protected ketals 16-19 in Table 2, which were
synthesized according the trivial literature methods. %

(10) Er(OTf); can be purchased from Aldrich €41.00 for 59
(0.008 mol) meanwhile, the prices of Sc(OTf),; and
Yb(OTf), sold by Aldrich are €206.4 for 5 g (0.01 mol) and
€79 for 5 g (0.008 mal), respectively.

Downloaded by: East Carolina University. Copyrighted material.



