March 2009

Trade Science Ine.

Volume 5 Issue 1

CMISTRY
A Tndéian Yournal

> MlfcrOr8ViEWw

A

CH

OCAIJ, 5(1), 2009 [111-116]

Selective hydrolysis of terminal isopropylidene ketals. An overview

Sakkarapalayam M .Mahalingam?, Bijay K.Mishra?, Hari N.Pati
Department of Chemistry, Indian I ngtitute of Technology M adr as, Chennai-600 036, (INDIA)
2Department of Chemistry, Sambalpur Univer sity, Jyoti Vihar-768 019, (INDIA)
E-mail : hnpati@gmail.com
Received: 22" January, 2009 ; Accepted: 27" January, 2009

ABSTRACT

Selective hydrolysis of isopropylidene ketals have been extensively used
in the synthetic organic chemistry for synthesis of 1, 2 and 1, 3-diols. The
selective hydrolysisof aterminal isopropylideneketal in the presence of an
internal isopropylidene ketal isachallenge and hasimmenseimportancein
organic synthesis. The present review focuses on delineating various re-
agents scattered in the literature for the selective hydrolysis of terminal
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isopropylidene ketals. Theliterature inthisreview is covered until Decem-

ber 2008. © 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

Isopropylidene ketals, commonly called as
acetonides, have been extensively usedin carbohydrate
chemistry for the protection of 1, 2 and 1, 3-diolg*.
Thesdectivehydrolys sof oneacetonideover the other
particularly in case of substrates having multiple
acetonideprotecting groupsisof great interestinmulti-
step synthesisof organic molecules. For example, the
selective hydrolysisof terminal isopropylideneketa
group inthepresenceof aninterna isopropylideneketa
group not only addressthesdectivity issuebut dsogives
an ample scopeto a synthetic chemist to build mol-
eculesat that particular position. Often two types of
reagents have been used for thesetransformations; they
areBronsted and Lewis acids apart from some miscel-
laneousreagents.

Thetermina isopropylidenegroup being stericaly
lesscrowded than aninternal one, therate of hydroly-
gsof thetermina oneshould behigher than theinterna
oneand thereforeremovablesdectively (Figure 1).

Towards the regioselective removal of terminal
isopropylideneketals, severd reagents havebeen used.
Thereagentsavailableintheliteraturefor thisobjective
can be broadly classified under two categories: (1)
Bronsted acid reagents, (2) Lewisacid reagents. Re-
agentsnot falling under these categorieshavebeen as-
sembled under the miscellaneous headinginthisreview.

Inthe Bronsted acid class, agHCI3, aqg HBr®, ag
AcOHM, 0.8% H,SO, in MeOH™ and Dowex-H* in
MeOH:H,0 (9:1) have been the frequent choice of
reagents. In contrast to this, theuse of Lewisacidre-
agents has been scarce and limited to FeCl,.6H,0/
SiO,™, CuCl,.2H,0 in ethanol®®, CeCl,.7H,0% and
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Zn(NO,),.6H,0" or Yb(OTf),.H,Oinacetonitrile.
Whileusing aBrensted acid, strict control of the reac-
tion parameterslikethepH of themediumand reaction
period becomes extremely crucial for high
regiosel ectivity. Any negligenceinreaction periodleads
to further hydrolysisand subsequent problemswith pu-
rificationand diminishedyield. Inthecaseof Lewisac-
ids, thesituationisbetter. Besdesthe Lewisacidity of
the metal ions, apparent in situ hydrolysisof the salt
also providesthe necessary protic mediumfor avau-
ableand useful synergistic effect at least inthe case of
cupric® and zinciong?.

1. Bronsted acid reagents

A dilutesolution of sulphuric acid® or hydrochloric
acid? inmethanol wereused to hydrolyze only theter-
minal isopropylideneketalsin compound (1) and (3)
(SCHEME 1), intended to be elaborated into either
long chainfatty acidsor deoxynojirimycin.

Inaproject aimed at the synthesisof acarbasugar,
the selectiveremoval of theterminal isopropylidene
groupinthedi-O-isopropylidenederivative (5) of man-
nosewas essential (SCHEME 2). Shingetal. used a
60% aqueous sol ution of acetic acid for the selective
hydrolysisof thetermina isopropylideneketa protect-
ing group™®. Clean reaction afforded thedial, (6). The
diol obtained was not i sol ated and was subsequently
elaborated into acarbasugar.

In a synthesis aimed at (+)-castenospermine,
Gerspacher and Rapoport devel oped an efficient meth-
odology to selectively hydrolyze the terminal
isopropylidene ketal -protecting group®. During the
synthetic plan to construct afivemembered ring (11)
by addition of hydrobromic acid to the vinyl ketone
(7), apartia deprotection of the5, 6-O-isopropylidene
group was observed (SCHEME 3), dueto the pres-
ence of moisturein the reaction mixture. Complete
deprotection of thetermina isopropylidenegroup was
achieved by addition of 200-mol% of water to there-
action mixture. Clean reaction afforded thediol (8) in
70%yied.

Wu and Wu demongtrated theuse of ahydrateform
of periodic acid for selective hydrolytic cleavage of a
termind isopropylideneketa groupi*¥. Inatypica ex-
periment, the reaction of compounds (10a-d),
(SCHEME 4) with periodicacid (3equiv.) inether gave
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thealdehydes (11a-d) invery goodyields.
The acidic resin Dowex-50W-X8 served as an
excellent reagent for the specific remova of termina
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acetonide groupsin compounds (12a-d) having acid-
sensitivegroups®. When acetonide derivatives contain-
ing BOC, Pf (9-phenyl fluorenyl), Bz, CBz, dkene, Ts,
and ester functionalitieswere exposed to 110-w/w%
of Dowex-50W-X8in 90% methanol (SCHEME5),
theterminal acetonide groupswere selectively hydro-
lyzedtoyiddthediols(13a-d) inexcelent yidds.

2. Lewisacid reagents

UnliketheBronsted acid reagents employing pro-
ton sourcesin agueous organic medium, only afew
Lewisacid reagents have been reportedinthelitera-
ture. Although few in number, they havebeenfairly suc-
cessful in selectively removing the terminal
isopropylideneketal functiondity inthe presenceof an
internal ketal. A brief review of the use of thesere-
agentsispresented in thefollowing paragraphs.

2.1. Ferricchlorideadsorbed on silica gel

Treatment of an acetone solution of hydrated ferric
chloridewith silicagd followed by evaporation of the
solvent to dryness afforded ayellow coloured ferric
chloride-silicagd reagent!™. A solution of thisreagentin
chloroformwasfound to beefficient in hydrolyzing only
thetermind isopropylideneketd group (SCHEME 6).

2.2. Copper (I1) chloride as a source of lewis
acidity

Iwataand Ohrui devel oped aconvenient and effi-
cient method for regiosel ectiveremoval of aterminal
isopropylideneketa protecting group using copper (1)
chloride® Typically, the5, 6-O-isopropylidene group
was sdlectively hydrolyzed by stirringamixture of ben-
zyl 2,3:5,6-di-O-isopropylidene-a-D-mannofuranoside
(16) and fivemolar equivaentsof copper (11) chloride
dihydratein ethanol or 2-propanol at room tempera-
tureto affordthediol (17) in 99%yied (SCHEME 7).
Although theyield of thisreactionisattractive, this
method wasonly applied to S mpledi-O-isopropylidene
gluco or manno furanos dederivaivesand requireslarge
excess of the reagent. It was also observed that the
benzyl group migratesunder these acidic conditions.

2.3.Zn(NO,),.6H.Oin acetonitrile

Vijayasaradhi et a. reported an efficient and selec-
tive hydrolysisof atermina isopropylideneketal pro-
tecting group by Zn(NO,),.6H,0 in acetonitrile?,

—= Microreview
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Treatment of 1 mmol of 3,4:5,6-Di-O-isopropylidene-
1-C-phenyl-hexose (18) with 5 equivaent of Zn(NO,),
.6H_,0O in acetonitrile (5 ml) at 50°C, resulted in the
sdectivecleavage of thetermind isopropylidenegroup
to furnish the product (20b) in8 hourswith 87%yield
(SCHEME 8).

2.4. Cericammonium nitrate-pyridinereagent

Recently, Barone et al. reported the use of ceric
ammonium nitrate and pyridine, which offersan opti-
mum pH of 4.4, aseffectivein hydrolyzing only atermi-
nal isopropylideneketal protecting group!*4. Under
these conditions, the Lewisacidity of cerium wasfound
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to play aprominent rolein the selectiveremoval of the
terminal isopropylideneketd protecting group of sev-
erd acetonidesinthe presenceof other commonly used
hydroxyl-protecting groups(SCHEME 9).

2.5.Yb(OTf),.H,Oin acetonitrile

A catalytic amount of Yb(OTf),.H,0[0.25 mmol
isrequired for 5mmol of the starting substrate] in ac-
etonitrile served asamild and efficient reagent for se-
lectivehydrolysisof atermind isopropylideneketa pro-
tecting group (SCHEME 10) inthe presence of awide
range of functional groups (23a-e)™.

2.6.La(NO,),.6H.Oin acetonitrile

Acetonidesarehydrolyzed selectively and efficiently
with La(NO,),.6H,0 in acetonitril€?. Thismethod is
compatiblewith other sensitive hydroxyl protecting
groupslike TBDMS (25c¢), THP (25d), OAc (25¢e),
OBz (25f) and OBnN (25g). A primary acetonide group
issdectively hydrolyzedin the presence of asecondary
acetonideaswell asother hydroxyl protecting groups
(SCHEME 11).

2.7. Cd*, Co** and In®* catalyzed hydrolysis of
isopropylidene acetals

In our own lab we screened Cd*, Co?* and In®
salts for the selective hydrolysis of isopropylidene
ketal§'7. A smpleand efficient protocol isdescribed
for the regioselective hydrolysis of terminal isopro
pylideneketd groupin carbohydratederivatives. It uses
either CoCl,-2H,Oin acetonitrileor InCl, in methanal
at temperaturesranging from 50to 60°C. Thelow cost
of CoCl,-2H,O adongwithitsrequirement in catalytic
quantitiesoffersagreat advantage for the multi-gram
scalereactions(SCHEME 12).

2.8. Micro wave assisted Er(OTf), catalyzed
hydrolysisof isopropylideneacetals

Recently, Antonio Procopio et a. reported the er-
bium (I11) triouoromethane sulfonate asavery gentle
Lewisacid catalystinaMW-assi sted chemoselective
method for the cleavage of isopropylidene acetalsin
awkward substrates by using pure water as the sol-
vent™®. Under normal condition with Er(OTf), the
diacetoneglucofuranose (1) gavemixtureof both mono-
and di- isopropylidene hydrolyzed products (29) and
(31) but under micro wave condition aquantitativedi-

@W CHEMISTRY —

CAN/Pyridine
pH = 4.4
acetone:water
(1:1)
(21) (22)
a R=PMB a R =PMB (82%)
b: R=TBS b: R = TBS (no reaction)
¢ R=0Ac c: R = OAc (48%)
SCHEME9
#\O 0 Yb(OTf)5H OH o
O\)\/ OR 4’ ~_OCR
H CH4CN, 1t H
O-|- O-
(23) (24)
a: R=Bn,b: R=Allyl, a: R =Bn (91%),
c.R=Med: R=Ts, b: R = Allyl (80%),
e R=TBDMS c: R =Me (87%),
d: R = Ts(85%),
e R =TBDMS (81%)
SCHEME 10
La(NO3)36H20 b
reflux 4-6h,81-96% RO
@ g5 ey
b: R = TMS . R=8
c: R=TBDMS g;R:Mn
d: R=THP ‘R=Me
SCHEME 11

WLO o o
o A '\)J\OCH CoCly.2H,0, CHCN
: 3 >

5| OR or InCls, CH3OH
I~
(27) aaR=H,b: R=TBDPS,c: R=Bn,d: R=Ac

HOJY :\;)kOCHs

ol ©OR
~

(28) aaR=H,b:R=TBDPS,c: R=Bn,d: R=Ac
SCHEME 12

isopropylidine deavage product (30) wasaccomplished
in15min (SCHEME 13).

3. Miscellaneous reagents
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Mild reagentswhich have affinity for the oxygen
atom have also been explored. Therearethree types
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reagentsreported in theliterature, whichinclude, (a)
0.5-1% 1, inmethanoal, (b) 2,3-dichloro-5,6-dicyano-
1,4-benzoquinone in CH,CN:H,O (9:1), and c)
thiourea.

3.1.0.5-1% lodinein methanol

Szarek et d. devel oped asynthetic protocol for the
selective as well as complete deprotection of
isopropylidene ketal s by varying the reaction condi-
tiong*9. Thesynthetic procedureinvolvesstirring aso-
|ution of substrate (1) in 0.5-1%iodinein methanol (w/
V) a roomtemperature or at reflux temperature. A tem-
perature dependent hydrolysisyields either the selec-
tively hydrolyzed product (31) or the completely
deprotected products (32) and (33) asdepicted inthe
SCHEME 14.

Recently, Yadav and co-workersdeveloped apro-
tocol for chemoselective hydrolysis of terminal
isopropylideneacetalsusing 30 mol% | in acetonitrile
(SCHEME 15)%1, Acid labile protecting groups such
asPMB, Bn, allyl and propargyl are compatiblewith
thesereaction conditions, while TBS, TBDPS, TMS
and THP etherswere unstable under these conditions.

3.2. 2, 3-dichloro-5, 6-dicyano-1, 4-benzoquinone
(DDQ) in CH.CN:H,0 (9:1)

DDQ, awell-known reagent for theformation of
charge-transfer compl exes, was explored for the se-
lectiveremoval of terminal isopropylideneketals. A
catalytic amount of DDQ (0.1-0.4 equivalents) in
CH,CN:H,0 (9:1) issufficient to effect thistransfor-
mation?Y, Typically reaction of 1,2:5,6-di-O-isopro
pylidene-D-glucofuranose (1) with 0.1 equivaents of
DDQ in CH,CN:H,0O (9:1) at 20°C for 4 hours re-
sulted intheformation of 1, 2-O-isopropylidene-D-
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glucofuranose (31) inquantitativeyidd (SCHEME 16).
3.3. Thioureain ethanol: water (1:1)

Treatment of the 3-O-protected diacetone-D-glu-
cosederivatives(34a-e) witha0.85 M solution of thio-
ureain ethanol: water (1:1) mixtureunder reflux for 18-
24 hours afforded the required 5, 6-de-isopropyli
denated products (35a-d) in 64-93%yiel ds(SCHEME
17)12, Animinothiol tautomer of thioureawithanacidic
thiol groupispossibly involvedinthehydrolyticremova
of theisopropylidenemoiety.

CONCLUSIONS

In conclusion, thereview presentsan overview of
thedifferent developmentsfor the selectivehydrolysis
of terminal isopropylideneketal inthe presenceof an
internd isopropylideneketd. Broadly, thereare Bronsted
and Lewisacidtypesof reagentsused for thistransfor-
mations. Apart from thissomeof themisce laneousmild
reagents have a so been explored. Sincethistransfor-
mation isvery important for making various synthons
for synthesis and preparing carbohydrate based
bioactive compounds; thisreview will bemoreinfor-
mative and hel pful to the chemist workinginthefield of
carbohydratesand natura products.
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