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Allyl Ether (Allyl-OR): CH,=CHCH,-OR (Chart 1)

The use of allyl ethers for the protection of alcohols is common in the literature
on carbohydrates because allyl ethers are generally compatible with the various
methods for glycoside formation.! Obviously, the allyl ether is not compatible
with powerful electrophiles such as bromine and catalytic hydrogenation, but it
is stable to moderately acidic conditions (1 N HCI, reflux, 10 h).? The ease of
formation, the many mild methods for its cleavage in the presence of numerous
other protective groups, and its general stability have made the allyl ether a
mainstay of many orthogonal sets. The synthesis of perdeuteroallyl bromide and
its use as a protective group in carbohydrates has been reported. The perdeutero
derivative has the advantage that the allyl resonances in the NMR no longer
obscure other, more diagnostic resonances, such as those of the anomeric carbon
in glycosides.® The use of the allyl protective group primarily covering carbohy-
drate chemistry has been reviewed.*

Formation

1. CH,=CHCH,Br, NaOH, benzene, reflux, 1.5 h° or NaH, benzene,

90-100% yield.®

2. CH,=CHCH,OC(=NH)CCl,, H*

3. Allyl carbonates have been converted to allyl ethers.® In the following
situation, acid- and base-catalyzed procedures failed because of the sensi-
tivity of the [{i-Pr),51],0 group.

(-Pr)y (i-Pr)y

OH AllylO

Si-. _Si- :
Ho, L0770 1. cr=crcrococt Alylo, X o™ 0
o SIEP 2 @hyp b o~ SPr)

CH,0" ™0 CH,0™ ™0

4. Bu,SnO, toluene, THF; CH,=CHCH,Br, Bu,N*Br~, 96% yield.*

4 1. Bu,Sn0O, PhMe, THF R = Allvi
HO, O 00 2 CHCHCHBr, BogN* B Bhid
O HO
RO s} o 95%
OH
OH
R=H
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68 PROTECTION FORTHE HYDROXYL GROUP, INCLUDING 1,2- AND 1,3-DIOLS i

The crotyl ether has been introduced using similar methodology.' |
: 5. CH,=CHCH,0CO,Et, Pd,(dba);, THF, 65°, 4 h, 70-97% yield.""

N
; HO | Pdy(dbaly, THE HO
- 0 OH CH=CHCH0CO,E o OAllyl
*{ HH 65,40, 70% H H
; H H}~{H
- 0_0 0.0
~ PaN

Pd,(dba), = tris(dibenzylidencacetone)dipalladium ;

Note the preferential reaction at the anomeric hydroxyl. The method is
also effective for the protection of primary and secondary alcohols,
6. MeQ,COCH,CH=CH,, Pd,(dba),, CHCl,, Ph,P(CH,),PPh,, THF, 65°, 95%
AN yield."?
Bt 7. Allyl bromide, (RO),Mg."
8. KF—alumina, allyl bromide, 80% yield. These conditions were developed

because the typical strongly basic metal alkoxide-induced alkylation led
to Beckmann fragmentation of the isoxazoline.'*

Srder e

KF-alumina
allyl bromide
_—

MeCN
80%

R = Allyl

9, Allyl bromide, DMF, BaO, rt."?

10. Allyl bromide, AlL,O,, days. These conditions were developed to alkylate
selectively an alcohol in the presence of an amide.'®

Cleavage

. 17 o
1. ROCH,CH=CH, rﬁrooof’lgh;{nsn? ROCH=CHCH; "X L ROH

i. 0.1 NHC1, acetone—water, reflux, 30 min.?

ii. KMnO,, NaOH-H,0, 10°, 100% yield. These basic conditions avoid
acid-catalyzed acetonide cleavage.?

iii. HgCl,/HgO, acetone—H,0, 5 min, 100% yield."
iv. Ozonolysis.'"®
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v. Se0,, H,0,, 92% yield.”
vi. 0.1eq. TsOH, MeOH, 25°, 2.5 h, >86% yield.?!
vii. Me,;NO, 050,, CH,Cl,, >76% yield 2
viii. MCPBA, MeOH, H,0.2

QAc

When the OAc group was a hydroxyl, the epoxidation selectivity was
not very good, presumably because of the known directing effect of
hydroxyl groups in peracid epoxidations.

ix. NIS, CH,Cl,, H,0.*

x. BF;-Et,0, BuN*F~, 0°, 52-88% yield.”

(Ph3P);,RhCL DABCO, EtOH Hg(M), pH2

6
2. ROCH,CH=CH, ———— ~ . ROH, >90%

Allyl ethers are isomerized by (Ph,P);RhCl, and #BuOK/DMSO in the

following order:*

(Ph;P),RhCl: allyl > 2-methylallyl > but-2-enyl

t-BuOK: but-2-enyl > allyl > 2-methylallyl

3. Ttis possible to remove the allyl group in the presence of an allyloxycar-
bonyl (AOC, Alloc, or Aloc) group using an [I(CODYFPh,MeP),|PF
catalyzed isomerization, but the selectivity is not complete. The allyloxy-
carbonyl group can be removed selectively in the presence of an allyl
group using a palladium or rhodium catalyst.”’ Hydrogen-activated
[Ir(COD)(Ph,MeP),]PF, is a better catalyst for allyl isomerization
{(91-100% yield) because there is no reduction of the alkene, as is some-
times the case with (Ph;P);RhC1.***” When Wilkinson’s catalyst is prere-
duced with BuLi, alkene reduction is not observed and high yields of enol
ethers are obtained.® This method can be used for isomerjzation of but-2-
enyl ethers.” The indium catalyst is also compatible with acetylenes.”
Because the indium catalyst can effect isomerization at room tempera-
ture, adjacent azides do not cycloadd to the allyl group during the isomer-
ization reaction, as is the case when the isomerization must be performed
at reflux. ™
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70 PROTECTION FOR THE HYDROXYL GROUP, INCLUDING 1,2- AND 1,2-DIOLS

AllylO  OBn Rh(Ph,P),CI AllylD - OBn
BnOCH,” ~y ~080C  osn BnOCH,”
OBn OBn
[Ir(COD)YPMePh,),FF,

HO  OBn ~G  OBn
Cl,, H.O - )
BoOCH,” ™ 0ACC «-—Hg;——m% .Bnocuz)\z/k/OAOC
OBn OBn Ref. 27

4. Useful selectivity between allyl and 3-methylbut-2-enyl (prenyl) ethers
has been achijeved.”

OBn OBn
PrenylO,, (]ﬁn Rh(PPh;),Cl PrenylO.,, ﬁfn
. DABCQ, EtQH N B CBn
Allylo" ™0 OBn 0" "o
+-BuCK
OBn DMSO

HO,, OBn
‘\///“'\-\ O‘.-‘ 0O OBn

3. trans-Pd(NH,),Cl,/t-BuOH isomerizes allyl ethers to vinyl ethers that
can then be hydrolyzed in 90% yield, but in the presence of an o
hydroxy group the intermediate vinyl ether cyclizes to an acetal.”
Benzylidene acetals are not affected by this reagent.

Pd/C, H;0, MeOH, cat. TsOH or HCIO,
60-80°, 24 h, 80-95%

6. ROCH,CH=CH, ROH™

When TsOH is omitted, the reaction gives the vinyl ether.”

Se0,, AcOH, dioxane 36
ROH

7. ROCH,CH=CH [ROCH(OH) CH=CH,}
2 2

reflux, 1 h, 50%
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NaTeH, EtOH, AcOH
ROHY?

reflux, 2 h, §5-99%

. Ac,0, BF,-Et,0, then MeONa/MeOH to hydrolyze the acetate.®
10,
11.
12.
13.
14,
15.

RhCl,, DABCO, EtOH, H,0; H,0*, EtOH.”

RhH(Ph,P),, TFA, EtOH, 50°, 30 min, 98% yield.*’

PdCl, CuCl, DME, O,, 4 h, rt, 88-93% yield."

Pd(Ph,P),, AcOH, 80°, 10-60 min, 72-98% yield.*

TiCl,, Mg, THF, 28-96% yield.”

Electrglysis, DMF, SmCl,, (n-Bu),N*Br~, Mg anode, Ni cathode, 60-90%
yield.

Electrolysis, [Ni(bipyr);)(BF,),, Mg anode, DMF, rt, 25-99% yield.®
Ary! halides are reduced.

AlCL-PhNMe,, CH,Cl,, 73-100% vield.* Benzyl ethers are also cleaved.
NBS, hv, CCl,; base, 78—99% yield.” _

CoCl,, AcCl, CH,CN, rt, 8—12 h, 71-84% yield. Benzyl ethers are among
those that are also cleaved.®

Cp,Zr; HyO, 50-98% yield. Allyl ethers are cleaved faster than allyl-
amines that are also cleaved (66%).°

H,Ru(PPh,),, EtOH, 95°; 1.5 h, TsOH, MeOIl, 2.5 h, 86% yield.*'

Other catalysts that have been used to isomerize allylic ethers are
Polystyrene—CH,NMe,-RhCl, (EtOH, H,0),** RuClL(PPh); (NaBH,,
EtOH),”" Rh(diphos)(acetone),[C10,], (acetone, 25°),”> and Fe(CO)s
(xylene, 135°, 815 h, 97% yield).”

PdCl,, AcOH, H,0, NaOAc, 8% yield. *

stituted allyl ethers are not cleaved, but ester groups are partiafly
removed, as expected.**

DDQ, wet CH,Cl,, 70-92% vield. Anomeric and secondary allylic ethers
could not be cleaved under these conditions.™

n OBn

OB o
¢ OAllyl DDQ. Lzea N OAly!
C Qe CH,Cl, H,0, tt, 72% O

o © OH

OAliyl

Protection for the double bond in the allyl protecting group may be
achieved by epoxidation. Regeneration of the allyl group occurs upon

CH
P
N
treatment with @: >=Se and TEASS
S
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72 PROTECTION FOR THE HYDROXYL GROUP, INCLUDING 1,2- AND 1,3-DIOLS

27. Allyl groups are subject to oxidative deprotection with Chromiapillared
Montmorilionite Clay, -BuOOH, CH,Cl,, isooctane, 85% yield.”
Allylamines are cleaved in 84-90% vyield, and allyl phenyl ethers are
cleaved in 80% yield.

28. NaBH,, L, THF, 0°, 53-96% yield.”

2%9. Pd(Ph,P),, RSO,Na, CH,Cl, or THF/MeOH, 70~-99% yteld. These condi-
tions were shown to be superior to the use of sodium 2-ethylhexanoate.
Methallyl, crotyl, and cinnamyl ethers, the Alloc group, and allylamines
are all efficiently cleaved by this method.”

30. DIBAL, NiCl,(dppp), toluene, CH,Cl,, THF, or ether, 80-97% yield.®
These conditions are chemoselective for simple alkyl and phenolic allyl
ethers. More highly substituted allyl ethers are unreactive.

B( DIBAL, NiCly{(dppp) Y

o0 E6,0,0° o1, 55% o 0

BnO H\ o BaO Z‘i-
- o) EqAl NiCly(dppp) OH

0
L toluene, 0° tort, 80%

R. Gigg, Am. Chem. Soc. Symp. Ser., 39, 253 (1977); ibid., 77, 44 {1978); R. Gigg
and R. Conant, Carbohydr. Res., 100, C5 (1982).

J. Cunningham, R. Gigg, and C. D. Warren, Tetrahedron Lett., 1191 (1964).
J. Thiem, H. Mohn, and A. Heesing, Synthesis, 775 (1985).

F. Guibé, Tetrahedron, 40, 13509 (1997).

R. Gigg and C. D. Warren, J. Chem. Soc. C, 2367 (1969).

E. I. Cotey and W. J. Suggs, J. Org. Chem., 38,3224 (1973).

T. Iversen and D. R. Bundle, J. Chem. Soc., Chem. Commun., 1240 (1981); H.-P.
Wessel, T. Iversen, and D. R. Bqndle, J. Chem. Soc., Perkin Trans. {, 2247 (1985).

8. I. 1. Oltvoort, M. Kloosterman, and J. H. Van Boom, Recl: J. R Neth. Chem.
Soc., 102, 501 {1983); F. Guibe and Y. Saint M'Leux, Tetrahedron Let., 22,
3591 (1981).

9. S. Sato, 5. Nunomura, T. Nakano, Y. Ito, and T. Ogawa, Tetrahedron Lett., 29, 4097
(1988).

10. A. K. M. Anisuzzaman, L. Anderson, and J. L. Navia, Carbohydr. Res., 174, 265
(1988).

11. R. Lakhmiri, P. Lhoste, and D. Sinou, Tetrahedron Lett., 30, 4669 (1989).
12. H. Oguri, S. Hishiyama, T. Qishi, and M. Hirama, Synletr, 1252 (1995).
13. J.-M. Lin, H.-H. Li, and A.-M. Zhou, Tetrahedron Lett., 37, 5159 (1996). {

14. H. Yin, R. W, Franck, S.-L. Chen, G. J. Quigley, and L. Todaro, J. Org. Chem., 571, l
644 (1992),

15. J-C. Jacquinet and P. Sinay, J. Org. Chen., 42, 720 (1977).
16. L A. Motorina, F. Parly, and D. S. Grierson, Synlerr, 389 (1996).
17. 1. Gigg and R. Gigg, J. Chem. Soc. C, 82 (1966).

—_—

A O S ol

Page 72



BB

-P.

B

B

97

63

18.
19.

20.
21,

22,
23,

ETHERS 73

R. Gigg and C. D. Warren, J. Chem. Soc. C, 1903 (1968).

A. B. Smith, IIl, R. A. Rivero, K_J. Hale, and H. A. Vaccaro, J. Am. Chem. Soc., 113,
2092 (1991).

H. Yamada, T. Harada, and T. Takahashi, J. Am. Ckem. Soc., 116, 7919 (1994).

K. C. Nicolaou, T. J. Caulfield, H. Katacka, and N. A. Stylianides, J. Am. Chem.
Soc., 112, 3693 (1990),

C. Lamberth and M, D. Beduarski, Tetrahedron Leti., 32, 7369 (1991).

P. L. Barili, G. Berti, D. Bertozzi, G. Catelani, F. Colonna, T. Corsetti, and
F. D’ Andrea, Tetrakedron, 46, 5365 (1990).

. K. M. Halkes, T. M. Slaghek, H. J. Vermeer, J. P. Kamerling, and J. E G.

Viiegenthart, Tetrahedron Leit., 36, 6137 (1995).

25. V. Gevorgyan and Y. Yamamoto, Tetrakedron Lett., 36, 7765 (1995).

27.

28.

29.

30.
3L

32.

33,
. R. Boss and R. Scheffold, Angew. Chem., Int. Ed Engl., 15, 558 (1976).

3s.

36.
37
38.
39.

41.

42

43,

45,
46.

. P. A. Gent and R. Gigg, J. Chem. Soc., Chem. Cormmun., 277 {1974), R. Gigg, J.

Chem. Soc., Perkin Trans. 1,738 (1980).

P. Boullanger, P. Chatelard, G. Descotes, M. Kloosterman, and J. H..Van Boom, J.
Carbohydr. Chem., 5, 541 (1986).

J. J. Oltvoort, C. A. A. van Boeckel, I. H. de Koning, and J. H. van Boom, Synthesis,
305 (1981).

For hydrogenation during isomerization, see C. D. Warren and R. W. Jeanloz,
Carbohydr. Res., 53, 67 (1977); T. Nishiguchi, K. Tachi, and K. Fukuzumi, J. Org.
Chem., 40,237 (1975); C. A. A. van Boeckel and J. I1. van Boom, Tetrahedron Lett.,
3561 (1979).

G.-J. Boons, A. Burton, and S, Isles, J. Chem. Soc., Chem. Commun., 141 (1996),

G.-J. Boons, B. Heskamp, and F. Hout, Angew. Chem., Int. Ed FEngl., 35, 2845
{1996); G.-J. Boons and 8. Isles, J. Org. Chem., 61, 4262 (1996).

J. Alzeer, C. Cal, and A. Vasella, Helv. Chim. Acta, 78, 242 (1995).
T. Bieg and W. Szeja, J. Carbohydr. Chem., 4, 441 (198_5).

A.B. Smith, IfI, R. A. Rivero, K. J. Hale, and H. A. Vaccaro, J. Am. Chem. Soc., 113,
2092 (1991).

K. Kariyone and H. Yazawa, Tetrahedron Lett., 2885 (1970).
N. Shobana and P. Shanmugam, Indian J. Chem., Sect. B, 25B, 658 (1986),
C. F. Garbers, I. A. Steenkamp, and H. E. Visagie, Tetrahedron Lext., 3753 (1975).

M. Dufour, J.-C. Gramain, H.-P. Husson, M.-E. Sinibaldi, and Y. Troin, Tetrahedron
Lett., 30, 3429 (1989).

. K E.Ziegler, E. G. Brown, and 8. B. Sobolov, J. Org. Chem., 55, 3691 (1990},

H. B. Mereyala and S, Guntha, Terrahedron Leit., 34, 6929 (1993),

K. Nakayama, K. Uoio, K. Higashi, T. Soga, and T. Kusama, Chem. Pharm. Bull.,
40, 1718 (1992).

5. M. Kadam, 8. K. Nayak, and A. Banetji, Tetrahedron Lett., 33, 5129 (1992).

. B. Espanet, E. Duiiach and J. Périchon, Tetrahedron Lets., 33, 2485 (1992).
S. Olivero and E. Duiiach, J. Chem. Soc., Chem. Commun., 2497 {1595).
T. Akiyama, H. Hirofuji, and S. Ozaki, Tetrahedron Lett., 32, 1321 (1991).

Page 73



74 PACGTECTION FOR THE HYDROXYL GROUP, INCLUDING 1,2- AND 1,3-DIOLS

47. R. R, Diaz, C. R. Melgarejo, M. T. P. Lopez-Espinosa, and I. I. Cubero, J. Org. .
Chem., 59,7928 (1994). |

48. ].Igbal and R. R. Stivastava, Terrahedron, 47, 3155 (1991). ‘

49. H. Ito, T. Taguchi, and Y. Hanzawa, J. Org. Chem., 58, 774 (1993). |

50. M. Setty-Fichman, J. Blum, Y. Sasson, and M. Eisca, Tetrahedron Letr., 35, 781 (1994), f

51. H. Frauenmth, T. Arenz, G. Raube, and M. Zorn, Angew. Chem., Int. Ed. Engl, 32, g
83 (1993).

52. S.H. Bergens and B. Bosnich, J. Am_. Chem. Soc., 113, 958 (1991). i

53. T. Amold, B. Orschel, and H.-U. Reissig, Angew. Chem., Int. Ed. Engl., 31, 1033
(1992).

54. J. Leeand 1. K. Cha, Terrahedron Letr., 37, 3663 (1996).

55. J. S8. Yadav, S. Chandrasekhar, G. Sumithra, and R. Kache, Tetrahedron Lett., 3‘7,
6603 (1996).

56. G. O. Aspinall, L H. Yorahim, and N, K. Khare, Carbohydr: Res., 200, 247 (1990);
H. Paulsen, F. R. Heiker, J. Feldmann, and K. Heyns, Synthesis, 636 (1980). (

- 57. B.M. Choudary, A. D. Prasad, V. Swapna, V. L. K. Valli, and V. Bhuma, Tetrahedron,
48,953 (1992).
58. R. M. Thomas, G. H. Mohan, and D. S. Iyengar, Tetrahedron Leit., 38, 4721 (1997). &

a— .

59. M. Honda, H. Morita, and 1. Nagakura, J. Org. Chem., 62, 8932 (1997).
60. T. Taniguchi and K. Ogasawara, Angew. Chem., Int. Ed. Engl., 37, 1136 (1998),

- Propargyt Ethers: HC=CCH,OR

Cleavage

1. Propargyl ethers are cleaved with TiCl,-Mg in THE, 54-92% vield. Allyl
and benzyl ethers were not cleaved; phenolic propargy! ethers are also
cleaved.!

2. (BnNEty);MoS, (benzyltriethylammonium tetrathiomolybdate).®
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p-Chlorophenyl Ether: p-CICH,-OR

Formation /Cleavage'

k. MsCl, Pyr
2. p-CIC;H,ONa

ROH P C1C6H4—-OR
1. Li/NH,
2. H30+
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