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Synopsis. The cleavage reaction of a (methylthio)methyl
(MTM) ether with triphenylmethyl cation was not initiated
by the previously proposed hydride abstraction with tri-
phenylmethyl cation but promoted by the coordination of
triphenylmethyl cation as a Lewis acid to the sulfur atom in
the MTM group.

In the synthesis of polyfunctional molecules,
(methylthio)methyl (MTM) ethers have been recog-
nized as excellent protecting groups for hydroxyl
functions, especially for tertiary alcohols owing to
their facile formation and unique stability characteris-
tics.l Although there have been reported various
methods for removing the MTM protecting groups,?
the reaction with triphenylmethyl tetrafluoroborate
(PhsCBF4)?) seems to be the most efficient and promis-
ing procedure owing to the mild reaction conditions,
the simple procedure, and the wide applicability to
polyfunctional molecules.® The mechanism of
cleavage reaction of the MTM group has been thought
a priori to be the same as proposed by Barton* for the
oxidative cleavage of methylenedioxy (O-CH:-O)
groupings with PhsCBF4: The initial step is abstrac-
tion of a hydride anion from MTM ether A with
triphenylmethyl (trityl) cation to form intermediate B,
which upon hydrolysis (workup) gave parent alcohol
C (Scheme 1).22 However, we have found that this
cleavage reaction is not initiated by hydride abstrac-
tion with trityl cation but promoted by the coordina-
tion of trityl cation to the sulfur in the MTM group.

As the substrate for the present investigation, we
have chosen l-adamantanol (tricyclo[3.3.1.137]decan-
1-01) MTM ether (1) prepared from l-adamantanol (2)
by Yamada’s procedure (AccO-DMSO).2» The reac-
tion of 1 with 1.05 equiv of PhsCBF4 in CH2Cl, at
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room temperature for 10 min followed by quenching
with aqueous NaHCOs (workup) provided 1-
adamantanol (2) (88%) together with PhsCOH (6)
(77%) and PhaCSCH3 (8) (16%) (Scheme 2). However,
PhsCH was detected in only trace amounts (<1%).
When the cleavage reaction of 1 with PhsCBF,; was
quenched with a large excess of methanol prior to
aqueous workup, 2 was again obtained in 87% yield
together with l-adamantanol MOM ether (3) (11%),
PhsCOCHs3 (7) (84%), and PhsCSCHs (8) (8%). Only
trace amounts (<1%) of PhsCH was again detected.
The above results clearly indicate that the cleavage
of the MTM ether 1 with PhsCBF; is not initiated by
hydride abstraction with trityl cation as proposed
previously.?s Although trityl cation is well-
documented® as a hydride ion acceptor, it has been
also known to behave as a Lewis acid.® Therefore,
the initial step in the cleavage reaction of the MTM
ether 1 with PhsCBFj is supposed to be the complexa-
tion of trityl cation to the sulfur atom in the MTM
group, forming the sulfonium salt 9 (Scheme 3).9
Then, the sulfonium salt 9 comes to equilibrium with
the collapsed oxonium salt 10 and Ph3aCSCHs(8).
During workup the sulfonium salt 9 and oxonium salt
10 may be decomposed via two competing reaction
pathways [a and b]. When the reaction is quenched
with H20 (aqueous workup) (R=H) route a gives rise
to the parent alcohol 2 and PhsCOH (6) via 11,
whereas route b affords also 2 along with PhsCSCHs 8
through the intermediate 12 generated from 10. On
the other hand, quenching the reaction with methanol
(R=CHs) prior to aqueous workup provides the MOM
ether 3 arising from the intermediate 10, and again
PhsCSCH3s 8 in a ratio of ca. 1:1 through route b,
whereas route a provides the parent alcohol 2 and

H,0
— > ROH

B C

Scheme 1.

gocmsws —_— @—oa + PhgCOR + PhyCSCH,

1

8

6 R=H
7 R=CH,

Scheme 2.



February, 1991]

NOTES 717

@‘OCHzSCHa

1

PhaC*

A

/ CPhg
| —— +
@O-CH2—§CH3 * @—O:CHZ + PhgCSCH;
9 10 8
ROH ROH
a (workup) b (workup)
CPh
A7 R =H)
O-GHZ-SICH:; OCH,OR ———> OH
11 HtOR 12 R=H 2
3 R=CHj3

e

OR

|
@OH + Ph3C+ + CH2=SCH3
13

2
ROH
r \ (R =H)
PhsCOR + ROCH;-SCHy ~ ———» CH3SH + HCHO
6 R=H 14 R=H
7 R=CHy 15 R=CHs
CPhy

|
@—WCHZSCH3

16

Scheme 3.

PhsCOCHs (7) in a ratio of ca. 1:1. These experi-
mental results suggest that the cleavage of the MTM
ether 1 with PhsBF, predominantly proceeds through
route a. The clean generation of the parent alcohol 2
without forming the corresponding trityl ether 4 pre-
cludes the intervention of the oxonium intermediate
16 during the course of the cleavage reaction. Inter-
vention of l-adamantyl cation is also ruled out
because none of l-adamantyl methyl ether (5) was
formed on treatment of the reaction mixture with
MeOH prior to aqueous workup. The reported
results?s?®) also indicate that the MTM groups can be

removed with the complete retention concerning the
configuration of the corresponding hydroxyl groups,
precluding intervention of carbocation intermediates
during the cleavage reactions.

Based on our understanding of the mechanism of
this cleavage reaction, one would expect that
Ph3sCClOy is also effective reagent to cleave the MTM
ether 1. Our experimental results on the reaction of 1
with Ph3CClO4 agree with this prediction, giving the
similar result as the cleavage of 1 with PhsCBF4 (see
Experimental section).

In summary, the cleavage reaction of the MTM
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ether 1 with PhsCBFs or Ph3CClO4 is found to be
promoted by the coordination of trityl cation to the
sulfur in the MTM group and not initiated by hydride
abstraction with trityl cation.

Experimental

Infrared (IR) spectra were recorded on a JASCO Model
IR-810 spectrophotometer in CHCls.  Proton nuclear mag-
netic resonance (*HNMR) spectra were determined on a
JEOL FX-90QE (90 MHz) spectrometer in CDCls. Chemi-
cal shifts are expressed in ppm downfield from internal
tetramethylsilane using the 6 scale. The low (EIMS) and
high resolution (HREIMS) mass spectra were measured on a
JEOL-LG2000 instrument. Fuji-Davison silica gel BW-
820-MH was used for column chromatography. Merck
precoated silica gel 60 Fasq plates, 0.25 mm thickness, were
used for analytical thin-layer chromatography. Unless
otherwise stated, materials were obtained from commercial
suppliers and used without further purification. Trityl
tetrafluoroborate  (PhsCBF4)® and trityl perchlorate
(PhsCCl04)" were purified by the reported procedures,
respectively. Dichloromethane was freshly distilled from
CaH.. Methanol was distilled from magnesium methox-
ide. The organic solutions obtained by extractive workup
were washed with saturated brine, dried over anhydrous
sodium sulfate, and concentrated with a rotary evaporator
under reduced pressure.

1-[(Methylthio)methoxy]tricyclo[3.3.1.137]decane (1). A
mixture of tricyclo[3.3.1.137]decan-1-0l (2) (200 mg, 1.32
mmol), dimethyl sulfoxide (2.5 mL), and acetic anhydride
(2.5 mL) was stirred at room temperature for 19 h and then
40°C for 4 h.2 After cooling, the mixture was concen-
trated in vacuo and the resulting oily residue was purified by
column chromatography on silica gel (1:1 benzene-ethyl
acetate) to give 1 (141 mg, 51%) as a colorless oil: IR 1450,
1355, 1300, 1070, 1035 cm~1; TH NMR 6=4.60 (s, 2H), 2.0—
2.3 (m, 3H), 2.19 (s, 3H), 1.86 (m, 6H), 1.64 (m, 6H); EIMS
m/z (rel intensity) 212 (M™; 7), 182 (9), 165 (5), 152 (10), 136
(15), 135 (100), 95 (28), 79 (16). HREIMS. Found: m/z
212.1252. Calcd for C12H2008S: M, 212.1235.

Cleavage Reaction of 1 with PhsCBF,. A. Quenching
with Saturated NaHCOj3 Solution. To a stirred solution of
1 (93 mg, 0.44 mmol) in dichloromethane (4 mL) under
nitrogen was added PhaCBF; (152 mg, 0.46 mmol) at room
temperature. After being stirred for 15 min at room
temperature, the reaction mixture was diluted with satu-
rated NaHCO:s solution (3 mL) and the mixture was stirred
for 10 min and extracted with chloroform (3X10 mL). The
combined organic layers were washed with saturated
NaHCOs solution and saturated brine, dried and concen-
trated. The crude product was purified by column chroma-
tography on silica gel (2:1 hexane-chloroform—chloro-
form) to provide l-adamantanol (2) (59 mg, 88%), trityl
alcohol (6) (92 mg, 77%), and methyl trityl sulfide (8) (22 mg,
16%). The spectral (IR , tTH NMR, MS) properties of these
compounds were identical with those of the authentic sam-
ples, respectively.

B. Quenching with MeOH Prior to Aqueous Work Up.
After reaction of 1 (82 mg, 0.39 mmol) with PhsCBF4 (134
mg, 0.41 mmol) in dichloromethane (4 mL) for 10 min at
room temperature, the reaction mixture was diluted with
MeOH (1 mL). After being stirred for 10 min at room
temperature, the mixture was diluted with H2O (5 ml) and
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extracted with chloroform (4X7 mL). The combined
organic solutions were washed with saturated NaHCO3
solution and saturated brine, dried, and concentrated. Puri-
fication of the resulting crude product by column chroma-
tography on silica gel (2:1 hexane-chloroform—chloro-
form) afforded 2 (51 mg , 87%), 1-(methoxymethoxy)tricyclo-
[3.3.1.137]decane (3) (8 mg, 11%), methyl trityl ether (7) (93
mg, 84%), and 8 (9 mg, 8%). 3: A colorless oil; IR 1455,
1355, 1145, 1035, 910 cm~1 tH NMR 6=4.77 (s, 2H), 3.37 (s,
3H), 2.0—2.3 (m, 3H), 1.82 (m, 6H), 1.63 (m, 6H); EIMS m/z
(rel intensity) 196 (M™; 76), 166 (37), 139 (47), 135 (100), 109
(78), 107 (63), 95 (44), 79 (33). HREIMS. Found: m/z
196.1491. Calcd for Ci2H202: M, 196.1463.

Cleavage Reaction of 1 with PhsCClO4. To a stirred
solution of 1 (44 mg, 0.21 mmol) in dichloromethane (2 mL.)
under nitrogen was added PhsCClO4 (78 mg, 0.23 mmol) at
room temperature. After being stirred for 30 min, the reac-
tion mixture was diluted with saturated NaHCOs solution
(3 mL). The mixture was vigorously stirred for 10 min and
extracted with chloroform (4X10 mL). The combined
organic solutions were washed, dried and concentrated.
Purification of the crude residue by column chromatog-
raphy on silica gel (2:1 hexane-chloroform—chloroform)
provided 2 (27 mg, 85%), 6 (44 mg, 75%), and 8 (17 mg, 25%).

We are deeply indebted to Professor Kiyoyuki
Yamada for the valuable discussions and the encour-
agement for the present research.
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