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Recent studies in this laboratory have resulted 1n several useful new methods for protection/deprotection
of hydroxyl groups including those mvolving t-butyldimethylsilyl (TBDMS) (removed by F or HOAc—HZO)]’,
tribenzylsﬂylz, allyl {removed by Rh(I) followed by HZO—Hg++)3, and methylth1omethyl4(MTM) (removed by Ag+),
groups.5 These methods are complementary to one another and also to more established techniques based on
acetate, benzoate, B,3,p-trichloroethyl ether, benzyl ether, tetrahydropyranyl ether (THP) and other groups,
We describe herein techniques for application to synthesis of a new protecting group, the p-methoxyethoxy-
methyl (MEM) group, which in our opinion will prove to be of value 1n a wide variety of synthetic processes
CHzocH - =MEM

2 2
Two methods have been developed for the introduction of the MEM group These are suitable for primary,

CH3OCH

secondary, or tertiary alcchols. One entails the use of aprotic-basic conditions and the other involves aprotic-
neutral conditions Removal of the MEM group can be accomplished under aprotic conditions under the influence
of a mild Lews acid, specifically either zinc bromide or titamum tetrachloride.

MEM ethers are stable under a wide variety of conditions including those attending the use of strong bases,
reducing agents, organometallic reagents, many oxidizing agents and mild acids. Selective cleavage of MEM
ethers is possible mn the presence of acetates, benzoates, benzyl, allyl, THP, TBDMS, trichloroethyl or MTM
ethers Conversely any of these protecting units may be cleaved selectively 1n the presence of 2 MEM ether.
Since the MEM group is devoid of chirality, 1ts use introduces no stereochemical complications, an umportant
factor with complex molecules

One reagent for formation of MEM ethers is MEM chloride L) which 18 easily made on either small or
large scale. Thus 152 g of methoxyethanol and 66 g of s-trioxane are treated with dry HCl 1n a steady stream
with stirrmg until the reaction mixture becomes clear, at which time it 1s diluted with pentane {900 ml) and
dried (3 hr at 5° over 100 g of MgSO 4). Evaporation of pentane leaves MEM chloride 1in 90% yield (pure by pmr
and infrared analysis),

Reaction of MEM chloride m ether with 1 3 equiv of triethylamine at 25° for 16 hr affords the colorless,
crystalline ammonium salt 2 (MEMNEts+ Cl-‘)6 which 15 obtained pure 1 ca. 80% yield simply by filtration and
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drying 1 vacuo The sall 2, m p. 58-61°, 1s stable when kept 1n a sealed container, but must be protected from

atmospheric motsture It 1s an excellent reagent for the conversion of alcohols to MEM ethers in base-sensitive

substrates
(CH_O) Et_N + -
CH3OCH2C1120H H201 3 CHgOCH CH OCH Cl 3 3 CHSOCHzCHzoCHzNEt3 Ccl
1 2
~ o~

The formation of MEM ethers using MEM chloride has been effected by reaction of the chloride (usually
1 2 equiv) with either the sodio (from NaH) or lithio (from N-~-butyllithwm) derwvative of the alcohol to be pro-
tected in tetrahydrofuran (THF) or dimethoxyethane (DME) as solvent at 0° (under an wnert atmosphere) The
etherification reaction under these conditions 15 fast7 and typrcally reaction times of 10-20 min suffice for
unhindered primary and secondary alcohols and 30-60 min for tertiary or hindered alcohols (4,5,6,7s _,, 19
The y1eld of MEM ether obtained with each of the substrates listed below (3-11) was greater than 95% The

course of these reactions 1s easily followed by thin layer chromatographic (tlc) analysis
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The conversion of alcohols to MEM ethers using the triethylammonium rcagent 2 can be accomplished
{under neutral conditions) simply by heating in dry acetomtrile solution at reflux The reaction, which is cou-
veniently monitored by tlc,1s complete within 30 min for secondary alcohols such as 3ard g andylelds are
generally high (=90%) The by-product, triethylammonum chloride, 1s easily removed by either aqueous or
non-agqucous workup

Finally MEM ethers may also be obtained 1n high yield from the reaction of MEM chloride and an aleohol
1n the presence of dusopropylethylamine Thus reaction of 4 with 1 5 equiv of MEM chloride and 1 5 equiv of
the tertiary amine 1n methylene chloride (10 ml/g of 1) at 25° for 3 hr afforded quantitatively the MEM ether,

The cleavage of MEM ethers to form the corresponding alcohols 1s be : cffected in most cases by reaction
of the ether 1n methylene chloride (ca 2 ml/mmole of ether) with 5 equv of finely powdered, anhydrous zmc
bromide with etficient stirring at 25° Isolation of deprotected alcohol 1s carr ed out by washing the reaction

mixture successively with sat sodmm bicarbonate solution and brine, extraction of the aqueous washings with

ether combination of the orgamc extracts, and concentration after drying (MgsO 4)0 The cleavage reactions

are also readily momtored by tlc analysis The following data were obtained for the various substrates listed

ahove (time of cleavage, yield) 3 (8 hr, 92%), 4 (8 hr, 90%), 5 (8 hr, 90%), 6 (5 hr, 90%), 7 (10 hr, 93 %),
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26 hr, >90%), 10 (2 hr, >90%). Inthe case of the bis MEM derivative of 11 (the bis MEM ether of brefeldin A)
the zinc bromide-promoted cleavage was not clean, 9 however, cleavage of the ether to brefeldin A occurred
smoothly (ca. 95% yield) using excess titanium tetrachloride (ca 10 equiv) at 0° for 20 mmm  Of course, less
complex MEM ethers are also cleaved rapidly by titanium tetrachloride, for example, 4-t-butylcyclohexanol (3)
was obtawmed (90%) from the MEM ether by exposure to 3 equiv of titamum tetrachloride in 2 1 methylene chlor-
1de~pentane at 0° for 30 min followed by quenching with conc ammonium hydroxide and extractive workup.
Other Lewis acids studied, but found to be less effective for MEM ether cleavage than zinc bromide or

2
The rationale which led to the study of the MEM group for hydroxyl protection was based on the alternative

titanium tetrachloride include Znl_, ZnClz, SnBr4, SnCl4, ZrC14, MgCl2 and MgBt'2

hypotheses, 1) that bidentate coordination of the MEM group to a Lewis acid should markedly facilitate the

cleavage of MEM ethers as indicated (for ZnBrz) m equation A, or 2) that ready cleavage might occur by
equation E

cnsgx Zn{OJCHéf‘OR - CH,dé\Zn/d Hy0 ROH + CH, (OH), + CH,OCH,CH,OH A
B Br Y “oX
‘CH2Br
—_— - HZO
CH,O /0 ;o Br,ZnOR —=—-> ROH + CH, (OH), + CHOCH,CH,OH [
cfi, /,ZnBrz LGS
v
R

Although the exact mode of cleavage 1s not yet clear, 1t 1s hoped that clarification of the mechanism will
be obtained by future studies It should be noted here that the cleavage of methoxymethyl ethers under aprotic
conditions 1n the presence of ZnB}:‘2 or TlCl4 is markedly slower than the reaction for the corresponding MEM
ethers The cyclic oxomum 1on intermediate shown in equation B may be mvolved 1n the formation of MEM
ethers from alcohols, the rates of which are also considerably faster than for methoxymethyl ether formation

THP, TBDMS and other silyl groups are readily and selectively cleaved in the presence of MEM ethers,
effective conditions for such selective deprotection include the use of 0 05 equiv of anhydrous P-toluenesulfom
acid 1n methanol at 23-25° for 3 hr (MEM ethers are unaffected even after 15 hr under these conditions), or
3 1 acetic acid-water at 35° for 4 hr  Obviously there 18 no difficulty (see ref 5) mn the removal of acetyl, ben
zoyl, benzyl, allyl, TBDMS, MTM, 3,3,8-trichloroethyl or 8-chloroethyl groups from hydroxylic oxygen in th
presence of the MEM ether umit The MEM group 1s recommended as a candidate for inclusion 1n the list of
""standard' protecting groups for the hydroxyl function, 10
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