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1 Introduction

The following review covers new developments in protecting
group methodology which appeared in 1997. As with our previ-
ous annual review, our coverage is a personal selection of
methods which we deemed interesting or useful. Many of the
references were selected through a Science Citation Index
search based on the root words block, protect and cleavage;
however, casual reading unearthed many facets of protecting
group chemistry which are beyond the pale of a typical key-
word search. Inevitably our casual reading omits whole areas in
which we lack expertise and so we cannot claim comprehensive
coverage of the literature. The review is organised according to
the functional groups protected with emphasis being placed on
deprotection conditions. A separate annual review on combin-
atorial chemistry appeared earlier this year which incorporates
the related subject of solid phase linker chemistry.

2 Hydroxy protecting groups
2.1 Esters

Attempts to use standard basic reagents to cleave the O-acetyl
groups in aminosugar derivative 1 (e.g¢ MeONa in MeOH; NH,
in MeOH; K,CO; in MeOH-H,0) also affected the N-Troc
(2,2,2-trichloroethoxycarbonyl) group (Scheme 1).! The goal
was finally achieved with a MeOH-CH,ClI, solution of a mix-
ture of guanidine and guanidine nitrate (4) [obtained by the
reaction of guanidine nitrate (3) with 0.2 equivalents of sodium
methoxide]. Both S- and O-glycosides are stable under the
reaction conditions as are some standard protecting groups
like NPhth (N-phthalimido), benzylidene and isopropyl-
idene acetals, BnO, and Ph,Bu’SiO but tetrachlorophthalimido,
N-Fmoc, and O-Troc protecting groups are attacked by the
guanidine—guanidine nitrate reagent.

In the closing stages of an impressive synthesis of the marine
antitumour agent altohyrtin C (7, Scheme 2), Evans and co-
workers? exploited the higher base lability of methoxyacetates
to achieve a selective deprotection in the presence of two
secondary acetate functions in intermediate 5.
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The penultimate step in a recent synthesis of the antitumour
macrolides cryptophycin 1 (11) required a mild method for the

introduction of the epoxide ring in the side chain® (Scheme 3).
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A variant of a direct method for the conversion of diols to
epoxides developed by Sharpless* was cleverly adapted to the
case at hand. Thus diol 8 was treated with the 4-azido-1,1,1-
trimethoxybutane in the presence of chlorotrimethylsilane
to give the cyclic orthoester 9 which decomposed under the
reaction conditions with loss of Me;SiOMe to give the chloro-
hydrin ester 10 (inversion). Selective reduction of the azide
under Staudinger conditions produced an intermediate amino
ester which underwent intramolecular lactamisation to release
a hydroxy group. In the last step, the resultant chlorohydrin
was converted to the cryptophycin 1 (11) on treatment with
base.

The Hasan group?® tested o-nitrobenzyloxycarbonyl (NBOC)
and related groups as photolabile protectors of nucleoside
5’-hydroxy groups (Scheme 4). Generally the rates of photo-
removal of 2-(o-nitrophenyl)ethoxycarbonyl (NPEOC) deriv-
atives (12, n=1) were faster than the corresponding NBOC-
protected compounds (12, n=0). Also substitution at the
a-carbon had an enhancing effect. The most reactive com-
pound had a methyl group and ethyl chain (¢, = 0.66 min) and
the order of reactivity of 12 was found to be: R =Me,
n=12> R = o-nitrophenyl, n = 1 > R = o-nitrophenyl, n = 0.

Unden and co-workers reported that the 2,4-dimethylpentan-

0
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hv (365 nm, 200 W Hg lamp)
MeOH-H.0 (1:1)

Scheme 4
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3-yloxycarbonyl (Doc) group can be used for protecting the
hydroxy group of tyrosine.® The protection is achieved in the
reaction of tyrosine derivative 14 with 2,4-dimethylpentan-3-yl
chloroformate and ethyldiisopropylamine (Scheme 5). The Doc
group is 1000-fold more stable towards nucleophilic piperidine
than the commonly used 2-bromobenzyloxycarbonyl (2-BrCbz)
group and it is completely cleaved by hydrogen fluoride. How-
ever the 2-BrCbz group is superior in terms of acid stability (the
loss of protection after 20 min in 50% trifluoroacetic acid—
CH,(l, is 0.01% for 2-BrCbz group and 0.04% for Doc group).

O
OH _ P'S
(a) Pri,CHOC(O)CI 0 0
EtNPr,
MeCN
_—
(b) Pd/H,
COO0OBn
COOCH
NHBoc
NHB
14 ¢
15
Scheme 5

2.2 Silyl ethers

In the final steps of an elegant synthesis of dynemicin A (19,
Scheme 6), Myers and co-workers’ needed to deprotect the
hydroquinone in Diels—Alder adduct 18 before cleavage of
the sensitive bicyclic acetal followed by in situ oxidation to the
anthraquinone in the target. This required the use of an iso-
benzofuran (16) with highly labile protecting groups for which
the trimethylsilyl ether was ideally suited. Thus, brief treatment
of Diels—Alder adduct 18 with excess activated manganese
dioxide and triethylamine trihydrofluoride (1:1 molar ratio,
ca. 70 equiv.) led to cleavage of the three trimethylsilyl ethers
together with the triisopropylsilyl ester and the resultant
product oxidised in situ to afford dynemicin A (19) in 53% yield.

N-Silylpyridinium triflates are powerful silylating agents
which have been used in the preparation of enol silanes and for
the silylation of carboxylic acids.® Olah and Klumpp report a
new method for their preparation as well as their use in the
silylation of alcohols® (Scheme 7). The salts 21a—c were pre-
pared by reaction of an allylsilane 20 with triflic acid followed
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by addition of pyridine. They were obtained in nearly quanti-
tative yield as crystalline solids which were stable indefinitely
at room temperature in an inert atmosphere. However, the
reagents are more conveniently prepared in situ and used
immediately as silylation reagents. No aqueous workup is
required to isolate the silyl ethers: the product mixture is simply
diluted with pentane to complete the precipitation of the pyrid-
inium triflate. Filtration of the product through a plug of silica
gel returns the pure silyl ether.

Phosphonium salt 24 (formed in the reaction of 2,4,4,6-
tetrabromocyclohexa-2,5-dienone 23 with triphenylphosphine,
Scheme 8) has been reported recently to transform primary and
secondary alcohols and THP ethers into the corresponding
bromides.'® It can also directly convert!! silyl ethers (e.g. 25)
into bromides. The reagent 24 is not isolated but is immediately
treated with the corresponding silyl ether. The reaction works
well with trimethylsilyl (TMS), triethylsilyl (TES) and fert-
butyldimethylsilyl (TBS) ethers but is very slow with tert-
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750, | 24 THF (1 mi), 1,60
26 R =Br (0.5 mmol scale)

Scheme 8

butyldiphenylsilyl (TBDPS) and triisopropylsilyl (TIPS) ethers.
This allows the selective bromination of 25 to give 26 in 75%
yield.

Maiti and Roy ' reported a selective method for deprotection
of primary allylic, benzylic, homoallylic and aryl TBS ethers
using aqueous DMSO at 90 °C (Scheme 9). All other TBS-
protected groups as well as THP ethers, methylenedioxy ethers,
benzyl ethers, methyl ethers and aldehyde functionalities
remain unaffected. Also a benzyl TBS ether can be selectively
deprotected in the presence of an aryl TBS ether.

OTBS
27R=TBS gpe, | PMSO (10D
RO 28R H H,0 (2 ml), 90 °C, 8 h
OMe
Scheme 9

Full details of Fraser-Reid’s synthesis of the bacterial nodu-
lation factor 30 NodRf-III (C18:2, MeFuc) have been pub-
lished."® The final step of the synthesis required removal of
three TBS ethers, one of which was protecting the anomeric
position in 29 (Scheme 10). Anomeric deprotections using
TBAF are complicated by Lobry de Bruyn-Alberda van
Eckenstein rearrangements and other base catalysed degrad-
ations and mildly acidic methods (e.g PPTS in MeOH at 55 °C)
were fruitless even after extended reaction times. However buff-
ering the TBAF with AcOH gave the desired target 30 in 83%
yield. The problems associated with the basicity of fluoride are
underscored by another recent example taken from Boger’s syn-
thesis of the vancomycin CD and DE ring systems.'* Attempted
removal of the TBS group from 31 was accompanied by retro-
aldolisation of the resultant f-hydroxyphenylalanine subunit to
give 33 in 61% yield. Here again, buffering the reaction mixture
with AcOH suppressed the unwanted side reaction and gave the
desired deprotected product 32 in 60% yield.

Full details of the use of a non-ionic superbase 34 (Scheme
11) as a catalyst for the silylation of alcohols using fert-
butyldimethylsilyl chloride or fert-butyldiphenylsilyl chloride
has been reported.'® The reactions are carried out in acetonitrile
at 24-40 °C though DMF at 24-80 °C may be needed for
hindered systems. The catalyst, which is commercially available
from Strem, is compatible with aldehydes, ketones, esters,
nitriles and skipped dienes. The catalyst is expensive but it can
be easily recycled. The catalytic effect of 34 was attributed to
the formation of a transannular stabilised loose ion pair 35.

A new synthesis of protected phenolic ethers has been
reported '® in which Ni(cyclooctadiene), and 1,1’-bis(diphenyl-
phosphino)ferrocene mediates the reaction of electron deficient
aryl halides (e.g 36a,b) with sodium fert-butyldimethylsiloxide
(Scheme 12). The reaction fails with the corresponding tri-
methylsilyl, triethylsilyl and triphenylsilyl derivatives. tert-Butyl
ethers of phenols can also be prepared using sodium fert-
butoxide.
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Triphenylsilyl ethers are the poor relations of the silyl ether
family of protecting groups but their easy cleavage in the pres-
ence of TBS ethers offered a welcome degree of orthogonality
which Danishefsky et al. exploited in syntheses of the epothil-
ones (Scheme 13)."7 The triphenylsilyl group is introduced via
the chloride in DMF using imidazole as base.

The Brook group used the tris(trimethylsilyl)silyl (sisyl)
group as a new photolabile protecting group for alcohols.’® The
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sisyl ethers are prepared by treatment of a primary or second-
ary alcohol with tris(trimethylsilyl)silyl chloride (derived in one
step from commercial (Me,Si);SiH and carbon tetrachloride)
and dimethylaminopyridine (DMAP) (Scheme 14). Tertiary
and hindered secondary alcohols fail to give the corresponding
ether presumably due to steric interactions. Sisyl ethers are
stable to a variety of synthetic protocols like organometallic re-
agents (MeMgBr, Ph,P=CH,), oxidation (Jones reagent), acidic
conditions (PTSA; 0.2 M HCI) and some fluoride reagents (KF
and 18-crown-6; CsF). However, they are unstable in the pres-
ence of butyllithium, LiAlH, (giving a mixture of products)
and tetrabutylammonium fluoride. The deprotection can be
cleanly performed by photolysis using a medium pressure
mercury lamp (a Hanovia lamp and a Pyrex immersion well).
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—— 40R=H

(Me3Si)3SiCl (1.2 mmol)
DMAP (1.2 mmol)

CH.Cl, (1.2 M solution)

rt, overnight, 1 mmol scale

79%
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MeOH-CH,Cl, (0.01 M solution) | 87%

10 °C, 30 min, 40R=H

Scheme 14

2.3 Alkyl ethers

The nucleophilic cleavage of aryl alkyl ethers by alkanethiol-
ates' or trimethylsilanethiolate®® typically requires an excess
of the reagent at high temperature. A recent improvement in
the procedure?! (Scheme 15) allows the use of only one equiv-
alent of thiophenol in 1-methyl-2-pyrrolidone (NMP) using a
catalytic amount (2-5 mol%) of potassium carbonate as the
base. The reactions are complete in 10-30 min at 190 °C. A
noteworthy feature of the procedure is the preservation of
aromatic nitro and chloro substituents which are displaced with
stoichiometric thiolates. Moreover, a,B-unsaturated carbonyl
compounds do not undergo Michael addition of thiolate under
these conditions.

OMe OH
PhSH (1.0 equiv.)

KoCOj (2-5 mol%)

NMP, 190 °C, 10-30 min
68% (R = NO,)
R 83% (R = COCH=CHPh(E)) R

Scheme 15

Hwu and co-workers reported sodium bis(trimethylsilyl)-
amide [NaN(SiMe;),] and lithium diisopropylamide (LDA) as
efficient agents for demethylation and debenzylation of alkyl
ethers of phenol.”> However, the deprotection requires quite



harsh conditions (heating at 185 °C for 12 h) which might cause
decomposition of more sensitive molecules. In the case of
dimethoxybenzenes (e.g 42) the selective mono-O-demethyl-
ation can be achieved (Scheme 16). LDA—but not sodium
bis(trimethylsilyl)amide—can also selectively deprotect a
benzyl ether such as 43 in the presence of a methoxy group.

NaN(SiMes), OH OBn

(2.5 equiv.) LDA (2.5 equiv.)

DMEU (0 5 ml) DMEU (0.5 ml)

B S E——
185°C, 12 h 185°C, 12h

96% (0.95 mmol) 87% (0.55 mmol)

OMe OMe
42 43
DMEU = 1,3-dimethylimidazolidin-2-one

Scheme 16

Alkali metals in liquid ammonia are well known reagents
for deprotecting benzyl ethers.”® It is not then surprising that
lithium naphthalenide (prepared from lithium and 1.33 equiv-
alents of naphthalene) also proved successful in this transform-
ation (Scheme 17).** The reagent seems rather harsh; however,
a wide range of functionalities survive the reaction conditions
like alcohols, carbon—carbon double bonds, benzene rings, and
THP, silyl and methoxymethyl ethers. A ketone group can also

be present but its prior conversion to an enolate is necessary.

OH

44 R =Bn

Lithium naphthalenide (6 equiv.)
THF, 25 °C, 80 min

.
W
W
W

94%
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N\
OR

Scheme 17

A similar transformation, but with a catalytic amount of
naphthalene, has been reported by Yus and co-workers.?
Although allyl ethers are also cleaved by the procedure, the
selective deprotection of benzyl groups is possible (Scheme 18).
Dimethylphenylsilyloxy (but not diphenyl-zerz-butylsilyloxy)
groups can also be removed by this methodology.

OR 46 R =Bn Li (powder, 14 mmol)
naphthalene (0.08 mmol)
THF (7 ml)

N 97% | —78 - -10°C, 5 h

(1 mmol scale)

47R=H «—

Scheme 18

The final step in a synthesis of the serine/threonine phos-
phatase inhibitor okadaic acid?® (49) required the reductive
cleavage of three benzyl ethers in the precursor 48 (Scheme 19).
Previous experience had shown that over-reduction occurs
readily upon debenzylation using lithium in liquid ammonia
containing ethanol.”” However, over-reduction was avoided
using lithium 4,4’-di-zert-butylbiphenylide (LiDBB).?®

48 R=Bn —
70% LiDBB, THF, -78 °C
49 R=H B —
Scheme 19

Discodermolide is a polyhydroxylated lactone exhibiting
potent microtubule stabilising activity similar to that of taxol.
In a recent synthesis of (—)-discodermolide, Myles and co-
workers? selectively cleaved the terminal benzyl ether in inter-
mediate 50 (Scheme 20) using Raney nickel and hydrogen in
ethanol. Reductive cleavage of the terminal p-methoxy-
benzyl PMB ether was minimised under these conditions
and the trisubstituted alkene survived unscathed. Several
steps later, difficulty was encountered removing the MOM
ether from intermediate 52. After extensive experimentation,
the recalcitrant MOM ether was cleaved in 60% yield with 1
equiv. of chlorocatecholborane and 0.5 equiv. of water in
dichloromethane.

RO OTIPS

— 50
Ra/Ni, Hp, EtOH 71%
L—= 51 R=H

5 steps

OTIPS

—— 52
60%
L—= 53 R=H

chlorocatecholborane (1 equiv.)
H>0 (0.5 equiv.), CHxCly

Scheme 20

Hirota and co-workers® reported that Pd/C catalysed
hydrogenolysis of PMB protected phenols can be selectively
inhibited by pyridine. This allows the selective removal of other
groups like benzyl and Cbz, as well as reduction of alkenes and
nitro groups in the presence of a PMB group (Scheme 21).

OR
OPMB

H COOMe
BocHN

54 R=Bn [ Ha, 5% PA/C (10%, wiw)

MeOH-dioxane (1:1) or DMF (20 ml)
Pyridine (0.5 mmol), rt, 24 h
96 % (1 mmol scale)

55 R=H =—-

Scheme 21

Staurosporine, the first member of the glycosylated indolo-
carbazoles to reveal potent protein kinase C activity, has been
investigated for its potential for the treatment of cancer,
Alzheimer’s disease, and other neurodegenerative disorders.
Wood et al have published?®' full details of their efficient
and general route to staurosporine and other members of
this family of compounds including (—)-K252a, (+)-RK286c,
(+)-MLR-52 and (—)-TAN-1030a. The final step in the
synthesis of (—)-TAN-1030a (57, Scheme 22), cleavage of an
O-benzyl bond from an oxime, was accomplished with a large
excess of iodotrimethylsilane, albeit in poor yield (24%).
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Iodine is a weak Lewis acid which promotes the peracetyl-
ation of unprotected sugars. However, acetylation of O-benzyl
protected derivatives may be accompanied by cleavage of the
benzyl protecting group. Thus treatment of the glucosamine
derivative 58 with iodine (100 mg g~ ! sugar) in acetic anhydride
resulted in acetylation of the hydroxy group at C4 together
with selective cleavage of the primary O-benzyl group and its
replacement by acetate to give the 4,6-di-O-acetyl derivative 59
in >95% yield (Scheme 23).%

OBn I, AGLO OAc
O —_ = (0]
HO 1, 24 h AcO
BnO OFt 05% BnO OFEt
NPhth NPhth
58 59
Scheme 23

The O-benzylation of alcohols with benzyl trichloro-
acetimidate is usually accomplished using triflic acid as a
catalyst. However, in a concise synthesis of the cellular mes-
senger L-a-phosphitidyl-D-myo-inositol  3,4-bisphosphate,®
trityl cation promoted benzylation of the C5 and C6 hydroxy
functions was used instead (Scheme 24).3

(BnO)ZOPO\O/OR
(Bn0),0PO""

itte}
by

—— 60 R=H
PhCH,O—C(=NH)CCl3

Ph3CBFy4 (5 mol%) | >73%
Et;0,24°C,32h

—> 61 R=Bn

Scheme 24

Magnesium bromide—dimethyl sulfide is a mild reagent for
deprotecting p-methoxybenzyl (PMB) ethers to the correspond-
ing alcohols.*® The method is specially suitable for molecules
containing a 1,3-diene moiety (e.g 62, Scheme 25) because
other PMB-deprotecting reagents (DDQ, CAN) are unsuccess-
ful in these cases. However, some isomerisation of the diene is
observed. Other protective groups like TBS, benzyl, benzoyl
and acetonide also remain intact. On the other hand the
MgBr,-OEt,~SMe, system fails when the PMB group is accom-
panied by a methoxymethyl (MOM) or benzyloxymethyl
(BOM) protecting group.

A p-methoxybenzyl (PMB) group can also be removed from
alcohols and phenols using a catalytic amount of AICl; or
SnCl,2H,0 in the presence of EtSH at room temperature.*
Under these mild conditions other protecting groups such as
methyl, benzyl and TBDPS ethers, p-nitrobenzoyl esters, iso-
propylidene acetals and glycosydic moieties (Scheme 26)
remain unchanged. EtSH, by trapping PMB cations, is essential
to obtain the product free from impurities.
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Scheme 26

4-Azido-3-chlorobenzyl (Cl-Azb) ethers are prepared by alkyl-
ation of hydroxy groups with 4-azido-3-chlorobenzyl bromide,
available in two steps from commercial 2-chloro-4-methyl-
aniline.’” Cl-Azb ethers are more stable than the parent
4-azidobenzyl (Azb) ether. Cl-Azb ethers were inert towards
DDQ but were cleaved smoothly after conversion to the corre-
sponding iminophosphorane (Scheme 27).

N3 N=PPh;
Cl cl

PPhg, THF
—_—
n,1h
BnO Y
OMe 66
49, | NaH, DMF
ArCH.Br

DDQ, H,0, AcOH (95%)

DDQ, silica gel, rt, 1.5 h (90%)

Scheme 27

6-O-Trityl monosaccharides are central to a strategy for the
synthesis of oligosaccharides based on thioglycoside activation.
Thus the trityl group in thioglycoside 69 (Scheme 28) was
robust enough to withstand the arming of the thioglycoside
acceptor using N-iodosuccinimide (NIS) in the presence of a
catalytic amount of triflic acid followed by reaction with the
donor 70 to give the disaccharide 71 in 62% yield.*® The pre-
ponderance of the a-anomer was attributed to the steric effect
of the trityl group. In a subsequent step, the trityl ether in 71
was cleaved and the freed hydroxy group acted as a donor when
the thioglycoside 72 was armed with NIS in the presence of one
equivalent of TMSOTT, whereupon the trisaccharide 73 was
formed in 70% yield, again with modest a-selectivity.

4-Dimethylamino-N-triphenylmethylpyridinium chloride
(75, Scheme 29) is a stable isolable salt which can be used for a
clean triphenylmethylation of a primary alcohol over a second-
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ary one.¥ Recently Hernandez and co-workers published in
Organic Syntheses* a detailed large scale procedure for this
reagent, slightly modifying their original method.*'

In order to protect the hydroxy function of serine and threo-
nine, temporary protection of a-amino and a-carboxy groups is
necessary. Recently a new methodology has been developed **
in which boron trifluoride-diethyl ether is used for the simul-
taneous protection of these two groups as a 2,2-difluoro-1,3,2-
oxazaborolidin-5-one derivative (e.g. 77, Scheme 30). Reaction
of 77 with isobutylene in acidic conditions afforded selectively
protected derivative 78. In similar fashion benzyl trichloro-
acetimidate converts 77 into the corresponding O-benzyl
derivative.

HO OLi
NH,
76
BF3*OEt; (6 ml)
THF (15 ml)
rt, 6 h; 40-45°C, 2 h
100% (10 mmol scale)

0 (a) dioxane (30 ml) ]

rt, 15 min
HO Bu’O/\)J\OH

+ 7/0
HN~g (b) HaPOy (0.4 ml) NH,
Fa 1t, 15 min
77 (c) isobutylene (20 ml) 78
20 °C—rt, 2-2.5h
(10 mmol scale)

Scheme 30

Diborane generated in situ by reaction of NaBH, with iodine
in THF at 0°C accomplishes the deprotection of allyl ethers
under mild conditions (Scheme 31). Both aryl and alkyl allyl

Q
o

e
.
",

OR

79 R=allyl ——
87%
80 R=H <=
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THF, 0 °C, 30 min

OR
MeO

Scheme 31

ethers are cleaved without detriment to cyano, ester, nitro,
acetonide and tetrahydropyranyl groups.

Miura and co-workers* reported a new method for the
etherification of phenols by using allyl alcohols and catalytic
amounts of palladium(1r) acetate and titanium(1v) isopropoxide
(Scheme 32). The reaction is quite general; however, it fails
in the case of 3,5-dimethoxyphenol because of the exclusive

CH,=CHCH,0H (4 mmol)

formation of a C-allylated product.
N
OH Pd(OAc), (0.01 mmol)
PPh; (0.04 mmol) o
Ti(OPr')4 (0.25 mmol)

Q PhH'\?SS rf:);\ st)ogcmz?-)zo h
\’O 67% (1 rynmol s;:ale) O\/O
Scheme 32
Benzyltriethylammonium tetrathiomolybdate deprotects

propargyl ethers and esters in acetonitrile at room temperature
(Scheme 33).** Allyl ethers, nitro compounds, aldehydes and
ketones are not affected though alkyl halides are converted to
sulfides, and azides and thiocyanates are reduced.

O/\\\ OH

[PhCH,NEts],MoS, (1 equiv.)

MeCN, 36 h, rt
OMe 87% OMe

CHO CHO
Scheme 33

Electroreductive cleavage of propargylic aryl ethers and
esters to the corresponding phenols and carboxylic acids
occurs in good yield (77-99%) using Ni"-bipyridine complex
as catalyst.* Ester, cyano and, most interestingly, aryl ketone
functionalities (Scheme 34) are stable under the reaction condi-
tions. However, in the case of o-bromo and o-iodo derivatives,
the halogen is quantitatively replaced with hydrogen, whereas
an o-chloro atom is only partially reduced (20%).

(0]
BuyNBF, (1078 M)
Ni(bipy)3(BF4)2 (0.3 mmol) OH
DMF (40 ml), E=5-10V, 60 mA
90% (3 mmol scale)

82

Scheme 34

2.4  Alkoxyalkyl ethers

Methoxymethyl (MOM) protecting groups are quite robust and
their removal is often incompatible with many functional
groups. A further complication is the formation of formal
derivatives on deprotection of MOM-protected 1,3-diols. Never-
theless, Ghosh and Liu*’ were able to remove two MOM groups
protecting a 1,3-diol in the final step of their synthesis of
the streptogramin antibiotic madumycin II (84, Scheme
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35). The successful method employed tetrabutylammonium
bromide (2 equiv.) and an excess of dichlorodimethylsilane in
dichloromethane at 0 °C for 6 h.

o o 7

N Al

O R
\EN(YW/\/‘

BuyNBr (2 equiv.), Me,SiCl, (excess) 83 R=MOM

CHsClp, 4A MS,0°C,6h | 477

L > 84 R=H
Scheme 35

The final step in a synthesis of the Annonaceous acetogenin
(+)-4-deoxygigantecin®® entailed the cleavage of two MOM
ether groups using BF;-OEt, in the presence of SMe, (Scheme
36).%

Ci2Hazs

BEOE 85 R=MOM
3SOMQ§ 57%
—> 86 R=H
Scheme 36

During a synthesis of the diterpene epoxydictymene, the
Paquette group found that easy elimination took place during
the cleavage of the MOM ether in intermediate 87 (Scheme
37). When 1 equiv. of bromocatecholborane in dichloro-
methane was used, the desired cleavage took place to give the
requisite alcohol 88 in quantitative yield. However, when less
than 1 equiv. was used, the dimeric species 89 was generated.

—> 88 R=H
bromocatecholborane (1 equiv.) o
CH,Clp, —78 °C | 100%

87 R=MOM

bromocatecholborane (< 1 equiv.)
CH,Cl,, =78 °C

Scheme 37

Synthetic analogues of natural oligonucleotides have
attracted interest for their promising applications in antisense
chemotherapy.> In a synthesis of the thymidine acyclonucleo-
side analogue 93 (Scheme 38), the MOM group in 90, normally
used as a hydroxy protecting group was converted to the ethyl-
thiomethyl ether intermediate 92 which was then used as a
functional group to append thymine.
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M802 MGOQC
O~ Br
MeoBBr (3 5 equiv.) H
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SN (o) SEt
\(:\ R ~
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1> (1.0 equiv.)
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FmocHN 58% FmocHN
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Scheme 38

Macrosphelide A (96) strongly inhibits adhesion of human
leukaemia HL-60 cells to human umbilical vein endothelial
cells by inhibiting the binding of sialyl Lewis x to E-selectin.
It is also orally active against lung metastasis of B16/BL6
melanoma in mice and it appears to be a lipoxygenase inhibitor
as well. The closing steps in a recent synthesis of macrosphelide
A required the stepwise release first of a hydroxy and carboxy
function as a prelude to macrolactonisation and then two
hydroxy groups protected as their (2-methoxyethoxy)methyl
(MEM) ethers—all this without detriment to the three lactone
functions.®> The first deprotection was accomplished with a
mixture of trifluoroacetic acid (TFA, 5 parts) and thioanisole
(1 part) in dichloromethane (5 parts) (Scheme 39). The final
deprotection of the 2 MEM groups (95—96) was accomplished
in good yield with trifluoroacetic acid in dichloromethane

(1:1).

OTBS

(a) TFA-thioanisole-CH,Cl, (5:1:5) (64%)
(b) 2,4,6-trichlorobenzoyl chloride, NEts, DMAP (91%)

95 R = MEM
90% | TFA-CHyCl, (1:1)
9% R=H

Scheme 39

A concise synthesis of zaragozic acid**—an inhibitor of
squalene synthase—required the deprotection of a MEM ether
in the presence of two dioxolane rings. This was accomplished
(Scheme 40) using iodotrimethylsilane generated in situ by
reaction of chlorotrimethylsilane and sodium iodide.**

In 1993 a Cambridge group showed that BCl;-SMe, select-
ively cleaved benzyl ethers in the presence of acetate and tert-
butyldiphenylsilyl groups.’® On the other hand trityl ethers are
rapidly cleaved in the presence of benzyl ethers. The same
group>® applied the method twice in a synthesis of the marine
oxocin derivative laurencin as shown in Scheme 41. Early on the
benzyloxymethyl (BOM) ether 97 was cleaved in good yield and
the resultant hydroxy group converted to silyl ether 98 and later
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the p-methoxybenzyl ether 99 was cleaved selectively in the
presence of the sensitive enyne.

Mycobactins are a family of siderophores produced by myco-
bacteria to promote growth via iron uptake processes. Hu and
Miller*” reported a synthesis of mycobactin S (102, Scheme 42)
which was a potent growth inhibitor of Mycobacterium tubercu-
losis. The use of a 2-(trimethylsilyl)ethoxymethyl (SEM) group
to protect the hydroxamic acid residue in the N°-Cbz-N°-
hydroxy-N®-palmitoyl-L-lysine fragment 101 was crucial in the
construction of the ester linkage. Both the SEM and fert-
butyldiphenylsilyl (TBDPS) groups were cleaved in the final
step using trifluoroacetic acid.

0 L, 0 o
\N N\)k /k/u\ AN
: o N OR?
o o}

OH

CH3(CHz)14

YN\OW
o

101 R' = SEM, R? = TBDPS

CF3CO,H-CH,Cly (1:1)
,1h

68%
—> 102 R'=R2=H

Scheme 42

A mild method for the deprotection of SEM ethers was dis-
covered by Marshall and Chen>® during their synthesis of the
cytotoxic acetogenins aciminocin and asiminecin (104). In the
example shown (Scheme 43), the three SEM ethers were simul-
taneously cleaved from 103 by heating with pyridinium tosylate
(PPTS) in ethanol to give asiminecin (104) in 80% yield.

Mioskowski and co-workers> described the direct conver-
sion of THP-protected alcohols into the corresponding chlor-
ides using dichlorophosgeniminium chloride 106 (Scheme 44).
The corresponding bromides can also be obtained if the reac-
tion is carried out in the presence of 2 equivalents of tetrabutyl-

103 R =SEM

PPTS (13.3 equiv.)

EtOH, A, 16 h 104 R=H
Scheme 43
Me\Jr Cl
SN R N— cI-
/
Me Cl
105 R = OTHP ] 106 (1.05 equiv.) 106
78% | CH,Cly, 0°C

107R=Cl =———

Scheme 44

ammonium bromide. The reaction works well with primary
alcohols. With secondary alcohols the formation of elimination
by-product is observed (which is the main product in the case of
tertiary alcohols).

Solvent free tetrahydropyranylation of alcohols and phenols
over HSZ zeolites as reusable catalysts has been reported by an
Italian group.®

Selective protection of the hydroperoxy function in 108
(Scheme 45) using 2-methoxypropene enabled subsequent oxid-
ation of the remaining allylic alcohol function.®! The product
109 was converted to the marine cyclic peroxide plakorin.

Ha3C16
HasCie o
i OH

\ (a) MeC(OMe)=CH,, PPTS \

o ) PDC /Omu

/ 67% overall (2 steps) o
HO N OTIPS
OTIPS OMe
108 109
Scheme 45

Acetal derivatives prepared from N-substituted 4-methoxy-
1,2,5,6-tetrahydropyridine (e.g. 111) have been used by the
Reese group®® for the protection of the 2'-hydroxy function
in an automated solid phase synthesis of oligoribonucleotides.
The drawback of this methodology was the five steps required
to make 111 (and related compounds). Recently the same group
reported a much shorter procedure consisting of only two steps
(Scheme 46).%

(@) ArNH; (0.20 mol)
TsOH-H,0 (0.22 mol)

MeOH (200 ml), A, 2h OMe
0 (b) HC(OMe)3 (0.6 mol)
A 1h AN
(c) EtsN (0.33 mol) N
cl Cl () EtNPr, (0.48 mol) ]
110 BF3°OEt, (0.40 mol) Ar
CH,Cl, (300 ml), 0 °C, 3 h 111

83% (0.22 mol scale) Ar = o-fluorophenyl

Scheme 46

3 Thiol protecting groups

Hypusine (Hpu) is an unusual amino acid uniquely found in
eLF-5A, a protein which serves as an initiation factor in all
growing eukaryotic cells and which plays a critical role in
the replication of human immunode