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Diphenyldisulfone is a mild and efficient reagent for selective cleavage of methylprenyl (2,3-dimethylbut-2-en-1-yl), prenyl (3-methylbut-2-en1-
yl), and methallyl (2-methylallyl) ethers. These reaction conditions are compatible with the presence of other protecting groups such as
acetals, acetates, and allyl, benzyl, and TBDMS ethers. Exposure of 2,3-dimethylbut-2-en-1-yl and 3-methylbut-2-en1-yl ethers to diphenyldisulfone
led to the formation of 2,3-dimethylbuta-1,3-diene and isoprene, respectively. 2-Methylallyl ethers undergo isomerization to 2-methylpropenyl
ethers, which are easily hydrolyzed into the corresponding free alcohols and isobutyraldehyde.

The protection and deprotection of alcohols is a central themediphenyldisulfone, methallyl, prenyl, and methylprenyl ethers
of organic chemistry. Sophisticated synthetic schemes mayare cleaved readily, the fastest reaction occurring with the
fail because of protective groups that cannot be removed most substituted allyl systems. Significantly, allyl ethers are
under suitable conditions without product decomposition. not affected. These reactions are initiated by the benzene-
Some of the most valuable protective groups for alcdhols sulfonyl radical formed from thermal homolysis of (Ph$0
include allyl ethers, which can be cleaved under a variety ) @ Ho. T. L Wong, C. MSynh. C 1974 4, 106111, (0
" 3 _ . P a) Ho, T. L.; Wong, C. ynth. Commu , .
of conditions?2 In most cases, metal-catalyzed |sc_)mer|zat|on Ogava, T.. Nakabayashi. .. Kitajima, Garbohydr, Res1983 114, 225
(Pd, Rh, Ir) of the allyl ether into the corresponding alkenyl 236. (c) zhang, H. X.; GuiheF.; Balavoine, GTetrahedron Lett1988
idi i i 9, 619-622. (d) Espanet, B.; Dach, E.; Pachon, J.Tetrahedron Lett.

ether apd subsequent acidic _hydronS|s are used to |Ibel’ate%992 33, 2485-2488. (e) Mereyala, H. B.; Guntha, $etrahedron Lett.
the desired alcohol together with propahahe latter method 1993 34, 6929. Beugelmans, R.; Bourdet, S.; Biogot, A.; Zhu, J.
can be applied to methallyl and more substituted allyl ethers. Inet?htedrrloz Let%%974533§, ﬁgg;ﬁgég) '(AI;Jr%so._E.; Ean%oan. J.; Yus,

. - . Tetrahedron B3, . (9) Taniguchi, T.; Ogasawara,
The hlgher the degr_ee of substitution of'the allyl ether, the " angew. Chem., Int. Ed1998 37, 1136-1137. (h) Taniguchi, T..
slower is the transition-metal-catalyzed isomerizatiatie Ogasawara, KJ. Chem. Soc., Chem. Commiii98 15311532. (i) Kamal,

; ; A.; Laxman, E.; Rao, N. VTetrahedron Lett1998 40, 371-372. (j) Rao,
report here that in the presence of a catalytic amount of G.V.: Reddy, D. S.: Mohan. G. H.: lyengar, D. Synth. Commur2000

30, 3565-3568. (k) Bartoli, G.; Cupone, G.; Dalpozzo, R.; De Nino, A.;

(1) For reviews, see: (a) Kociski, P. J. InProtecting GroupsEnders, Maiuolo, L.; Marcantoni, E.; Procopio, ASynlett2001, 1897-1900. (I)
D., Noyori, R., Trost, B. M., Eds.; Thieme Verlag: Stuttgart, 1994. (b) Chen, F. E.; Ling, X. H.; He, Y. P.; Peng, X. I3ynthesi2001, 12, 1772.
Jarowicki, K.; Kociéski, P. J.J. Chem. Soc., Perkin Trans1999 1589- (m) Shanmugam, P.; Rajasingh, €hem. Lett.2002 1212-1213. (n)
1616. Dahlen, A.; Sundgren, A.; Lahmann, M.; Oscarson, S.; HilmerssoQ1@.

(2) Guibe F. Tetrahedron1997, 40, 13509-13556. Lett. 2003 5, 4085-4088.
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This discovery permits the cleavage of alkyl-substituted ally! || |l | Q| I

ethers under neutral conditions, without heavy metals and

with a useful reactivity sequence, i.e., methylprenyprenyl
> methallyl> allyl. Furthermore, other protected alcohols

such as silyl ethers, esters, and benzyl ethers are not affected

under these conditions.

Scheme 1. Deprotection of Menthol Derivativeta—g by
Diphenydisulfone
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Menthol derivativesla—g (Table 1) were prepared fol-
lowing standard procedurésll compoundsla—g remained
unchanged in CkCl, after 24 h at 80C. In the presence of
10 mol % (PhSGQ),, allyl ether1a, benzyl etherle silyl
etherlf, and acetatdg were not affected by heating to 80
°C. In contrast, the methyl-substituted allyl ethéis 1c,
and 1d were cleaved, and menthol was isolated nearly
guantitatively after aqueous workép.

Table 1. Approximate Half-Life ofla—g in Wet CD,Cl, at 80
°C in the Presence of 10 Mol % (Ph9&

la 1b 1c 1d le 1f 1g
R: .

2ONF "Y \)\ /\%\ Bn t-BuMe,Si Ac
N.R. 120h 2lh 6h NR. NR. NR

aN.R. = no reaction.

In the case oflb, isomerization into alkenyl ethe3b
(Scheme 2) could be monitored By NMR. On addition
of 1 mol of water3b was hydrolyzed at 80C into 2 and

(4) (a) Gent, P. A,; Gigg, Rl. Chem. Soc., Chem. Comm874 277—
278. (b) Gigg, R.; Conant, Rl. Chem. Soc., Perkin Trans.1973 17,
1858-1863. (c) Boullanger, P.; Chatelard, P.; Descotes, G.; Kloosterman,
M.; Van Boom, J. HJ. Carbohydr. Chem1986 5, 541—-559. (d) Bieg,
T.; Szeja, WJ. Carbohydr. Chem1985 140, C7—C8. (e) Oltvoort, J. J.;
Van Boeckel, C. A. A.; De Koning, J. H.; Van Boom, J. Blynthesi4981,
4, 305-308. (f) Chandrasekhar, S.; Reddy, C. R.; Rao, R.eltahedron
2001 57, 3435-3438.

(5) (@) Guibe F. Tetrahedron1998 54, 2967-3042. (b) Guibe F.
Tetrahedron1997, 53, 13509-13556.

(6) (a) Bartmann, E. ASynthesisl993 490-496. (b) Tsunooka, M.;
Higuchi, T.; Fujii, M.; Tanaka, M.; Murata, NKogyo Kagaku ZassHi97Q
73,596-600. See also: Kobayashi, M.; Tanaka, K.; MinatoBdll. Chem.
Soc. Jpn1972 45, 2906-2909.

(7) (a) Corey, E. J.; Suggs, J. W. Org. Chem.1973 38, 3224. (b)
Alonso, E.; Ramon, D. J.; Yus, Mietrahedron1997, 53, 14355-14368.
(c) Pansare, S. V.; Malusare, M. G.; Rai, A. 8ynth. Commur200Q 30,
2587-2592. (d) Kim, S.; Kee, |. STetrahedron Lett199Q 31, 2899~
2900.

(8) Only 1b is deprotected on treating mixturgéa + 1b, 1le+ 1b, 1f +
1b and 1g + 1b under similar conditions. Similarly, onl{c or 1d is
deprotected when mixed witha, 1e 1f, or 1g. Same observations were
made when cyclohexane was used as solvent.
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Scheme 2. Diphenyldisulfone-Catalyzed Cleavage of
Methallyl (1b)-, Prenyl (L.c)-, and Methylprenyl 1d)-Protected

Menthol Derivatives
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isobutyraldehyde. In the cases X and 1d, no isomerized
ethers could be detected during the reactiondaand 1d
underwent fast 1,4-eliminations with formation of isoprene
and 2,3-dimethylbutadiene, respectively, together with men-
thol. The reactivity sequence was methylpreryprenyl >
methallyl> allyl.

Deprotection of methylprenyl ethéd was examined with
hydrogen abstraction agents such as hexatylditin and
benzoyl peroxide at 80C in CD,Cl,. Benzoyl peroxide
deprotects methylprenyl eth&d approximately four times
more slowly (half-life 23 h) than diphenyldisulfone (half-
life 6 h). With (BwSn)y we observed only traces of
deprotected menthd after prolonged heating.

As a test for the usefulness of these new reactions, we
prepared thep-glucofuranoside derivativg according to
David's method using dibutyltin oxide (Scheme!3).

Scheme 3. Synthesis ob-Glucofuranoside Derivativé?
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a(a) Allyl bromide, NaH, BuNI, THF;? (b) H,SQ, 50 °C,
MeOH/CH,CI»;0 (c) methallyl iodidel! Bu,SnO, toluene, reflux
methylprenyl bromide, NaH, BiNI2 (82%).

Compound7 stayed unchanged upon heating to°80in
CH.CI; (sealed tube). In the presence of 10 mol % (P§50
in CH,Cl, and at 80°C, 1,4-elimination occurred giving
+ 2,3-dimethylbutadiene (Scheme 4). The reaction was
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Scheme 4. Deprotection ob-Glucofuranoside Derivativ@
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Scheme 6. Deprotection ofb-Glucofuranoside Derivativél
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complete in 26 h, and could be isolated in 86% yield.
Further heating to 80C liberated diol5 (isolated in 62%
yield) together with isobutyraldehyde (aqueous workup).
After further heating to 80C in the presence of 10 mol
% (PhSQ),, the allyl ether o remained intact (24 h; 95%
recovery of5).
The same selectivity order of deprotection was observed
with p-glucofuranosidell prepared as outlined in Scheme
5.

Scheme 5. Synthesis ob-Glucofuranoside Derivativé1?
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a(a) Methallyl chloride, NaH, BsNI, THF 4 92%; (b) SO, 1
M, 50 °C, MeOH, CHCI,,!® 71%; (c) prenyl bromide, B&$nO,
toluene, refluxt® (d) allyl bromide, NaH, BuNI, THF,? 92%.

"

Upon heating ofil1to 80°C in the presence of 10 mol %
(PhSQ),, 1,4-elimination of the prenyl group occurred,
giving 12 and isoprene (Scheme 6). The reaction was finished
after 28 h andl2 could be isolated in 82% yield. Further
heating of12 to 80 °C liberated diol13 in 68% yield.

To test further the practicability of our new deprotection
method, we synthesized allylic ethédsand14—22. Ethers
9 and14—21 were easily cleaved on heating at 8Din the

(9) Li, J.; Wang, J.; Hui, Y.; Chang, C.-W. Drg. Lett.2003 5, 431~
434,

(10) Turks, M.; Katkevica, D.; Smits, H.; Bizdena, Eollect. Symp.
Ser.1999 2, 268-272.

(11) Bunce, R. A,; Herron, D. M.; Johnson, L. B.; Kotturi, S.)/.Org.
Chem.2001, 66, 2822-2827.

(12) Cennan, E. L.; Chen, X. Am. Chem. S0d989 111, 5787-5792.

(13) (a) Bravo, F.; Castillo, S.Eur. J. Org. Chem2001, 3, 507-516.
(b) David, S.; Thieffry, A.J. Chem. Soc., Perkin Trans.1879 1568—
1572. (c) David, S.; Thieffry, ACompt. Rend. Acad. Sci. (Paris), Serie C
1974 279 1045. (d) Auge, C.; David, S.; Veyres, A.J. Chem. Soc.,
Chem. Commuril976 11, 375.
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presence of 10 mol % of diphenyldisufone. However, allylic
ether22 gave exclusively cyclohexa-1,3-diene resulting from
a 1,4-elimination (Table 2).

Table 2. RO-Allyl Ethers9 and14—21 Are Cleaved into
Corresponding Alcohols ROH in the Presence of 10 Mol %
Diphenyldisulfone in CKCI, at 80°C

Allylic ether Isolated  Allylic ether Isolated
yield yield
HO
HO O
QO’O'? 61% Jﬁ/ 86%
o%__
9 18
o
o] {
9.0 93% 88%
QI 6]
ﬂ/ 3 —_
o} —
14 19
e
O .
q o0 96% 82%
=z
/ OO | O/ﬁ)\
15 > 20
Z /\)\
O“H\ 84% 0 85%
© 16 @ 21
=
= (6]

O

The mechanism of the isomerization of the methallyl ethers
23 might involve the formation of oxyallyl radicak4
(Scheme 7), as this isomerization was inhibited by radical
scavenging agents such as TEMPO. Both 1,4-elimindt@n
— 2+ isoprene andd — 2 + 2,3-dimethylbutadiene might

17
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s rich the alkené/ the better it stabilizes charge-transfer

Scheme 7. Possible Mechanisms of Deprotection of configurations of the transition states, the PhS@dical
Methallyl, Prenyl, and Methylprenyl Ethers in the Presence of being an electrophilic specié%!®
Diphenyldisulfone It should be noticed that bond dissociation enthalpies for
(A) the allyl C—H bond are not significantly different between
RonJ, [Phso;]= PhSO,H + RVO'A]/ propene and 2-methylpropefeNo doubt more work is
2 required to limit the number of possible mechanisms of the

24 reaction disclosed in this report.
RO\ ( +23 Methylprenyl, prenyl, and methylallyl ethers become
/\r valuable protected forms of alcohols, as they can be cleaved
25 under mild conditions that do not require acid, base, or heavy

. metal reagents or catalysts.
(B)24 + PhSO,H — 25 + [PhSO3]
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The reactivity sequence methylprerylprenyl > meth- : — : :
. . . . (17) Walling, C.Free Radicals in SolutignJohn Wiley & Sons: New
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