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SYNTHETIC COMMUNICATIONS, 25(2), 219-226 (1995) 

SELECTIVE DEPROTECTION OF 

DIPHENYLMETHYLSILYLETHERS OF ALLYLIC AND BENZYLIC 

ALCOHOLS 

Olivier Piva *, Aicha Amougay and Jean-Pierre Pete. 

Labomtoire de Photochimie - URA CNRS 459 - UFR Sciences 
Universitk de Reims - Champagne - Ardenne - F 51062 Reims (France). 

Abstract: Selective deprotection of diphenylmethylsilylethers of allylic or benzylic 
alcohols is achieved by U.V. irradiation in presence of phenanthrene (leq.) in 
methylene chloride and methanol. Under these conditions, other ethers containing 
the t-butyldimethylsilyl or the t-butyldiphenylsilyl group are recovered unmodified. 

Silyl ethers constitute one of the most convenient methods to protect an hydroxy 

function Among all the silyl groups available, t-butyldimethylsilyl (TBDMS) 3 ,  

diphenylmethylsilyl (DPMS)4 and t-butyldiphenylsilyl (TBDPS)5 are the most used 

in synthesis. However, up to date, few methods to selectively remove one of these 

groups in the presence of the others have been reported 6.  Otherwise, in connection 

with [2+2] photocycloaddition studies between allylic silylethers and enones, we 

have observed under irradiation and in some cases, efficient cleavage of the ether 

function to the corresponding alcohol. Because of the great importance of selective 

deprotection of ethers in organic synthesis, we decided to study the photobehavior 

of various allylic silylethers under UV irradiation in the presence of additives. We 

report here the efficient and selective photodeprotection of allylic or benzylic DPMS 

219 

Copyright 8 1995 by Marcel Defier, Inc. 

D
ow

nl
oa

de
d 

by
 [

D
uk

e 
U

ni
ve

rs
ity

 L
ib

ra
ri

es
] 

at
 0

6:
26

 0
5 

O
ct

ob
er

 2
01

4 



220 PIVA, AMOUGAY, AND PETE 

Table 1: Photobehavior of silyl ethers of nerol. 

L=254nrn hv rosiR; 
CH,OH I CH,CI, 

Additive 
1 t =3h40 1 2 

G.C. Ratio 
Substrate Additive 1 2 

l a  no 0 100 
R3Si=TBDMS phenanthrene (leq.) 88 12 

R;Si = DPMS phenanthrene (leq.) 0 100 

R;Si = TBDPS phenanthrene (leq.) 100 0 

l b  no 0 100 

l c  no 100 0 

ethers performed in a solution of methylene chloride and methanol, with one 

equivalent of phenanthrene. 

OSiPh2Me 

R LR MeOH h u  / CH2C12 R L R  I 

Phenanthrene (1 eq.) 

Initially, we have studied the silylethers l a  (R3Si = t-BuMqSi), Ib  (R3Si = 

Ph2MeSi) and l c  (R,Si = t-BuPh2Si), easily prepared from nerol according to the 

standard procedures 3-5. Irradiation at 254 nm in a mixture of methylene chloride 

and methanol (9:l) of these compounds leads after only one hour to the 

corresponding alcohol, totally for ethers l a  and l b  and not at all for l c  (Table 1). 

These results are consistent with the reactivity of silylethers in protic medium7**. 

Performed in the presence of one equivalent of phenanthrene, results are more 

surprizing; after the same time of irradiation, l a  and l c  are essentially or totaly 
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ALLYLIC AND BENZYLIC ALCOHOLS 22 1 

Table 2: Deprotection of allylic and benzylic diphenylmethylsilyl ethers: 

hu (h= 254m ) 
Phenanthrene (leq.) 

MeOH / CHzC12 (1 / 9) 
3 4 

R / \OSiqMe * R AOH 

Substrate Conditions (a) Product c . Y . ( % ) ( ~ )  

8 4  

&Osi%Me &OH 

3a (R = Me) h v  4a 
3b (R= Et) h v  4b 7 3  
3b (R=Et)  hw+ Et3N (leq.) 0 

("u' OSiPhzMe 

3c 

OSiRZMe 

3d 

OSiPh$e 

hv 
dark 

hv 

3 e  hu 

4c 8 3  
no reaction 

4d 8 9  

4e 7 8  

3 f  hv 4f  51 

(a) standard procedure. reaction. (b) isolated yields 

D
ow

nl
oa

de
d 

by
 [

D
uk

e 
U

ni
ve

rs
ity

 L
ib

ra
ri

es
] 

at
 0

6:
26

 0
5 

O
ct

ob
er

 2
01

4 



222 PIVA, AMOUGAY. AND PETE 

recovered as a mixture of geometric isomers, while an efficient deprotection is 

observed for lb. 

This reaction has been generalized to other allylic or benzylic silylethers and all 

cases efficient deprotection of the DPMS ether is observed, usually after only one 

to three hours of irradiation (Table 2).  

Assistance of light is necessary to perform the reaction; for example, ether 3c is 

efficiently deprotected by irradiation under the mentioned conditions, whereas in 

the dark, the same substrate is entirely recovered. The reaction is only efficient with 

allylic or benzylic diphenylmethylsilylether. For example,with a,p-epoxy ether 3f, 

deprotection takes place, but the corresponding alcohol is isolated in only 51% 

yield after 7 hours of irradiation. For all non-allylic or non-benzylic ethers, either 

no deprotection occurs or a sluggish reaction is observed over a long time of 

irradiation. Surprisingly, the presence of a bromide atom is compatible with the 

irradiation conditions9 and ether 3e is conveniently deprotected without cleavage of 

the C-Br bond. Mechanistically, methanol is necessary to promote the reaction and 

as by-product, we observed the formation of DPMS-OMe, thus methanol might 

play the role of nucleophile'O as illustrated in the following scheme. 

Ph,Si - E H S  

H\O-CIJ3 

J 
R '  LR 

X 

However, the acidic cleavage of silyl ether can also be considered. Photolysis of 

rnethylene chloride is known to give traces of hydrogen chloridell, which is able to 
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ALLYLIC AND BENZYLIC ALCOHOLS 223 

Table 3 Selective deprotectbn of bis(sily1kthers 

OSiPh2Me 
SiR, hv (A - 254nm) 

t 

phenanthrene (1 eq.) 
MeOH I CHzClz (1 I 9 )  

6 7 R-Ll 5 

Substrate Conditions“) 

F%,MeSi*OSi t-BuPb, 

5a 

BSiPhMe 

OSi t-BuPh, 
5b 

P b M e S i v i t - B u M e ,  

5c 

QSiPhMe 

P i t - B u M e 2  

5d 
5d 

OSiPbMe 

-BuPhz 

5e 

pSiPhMe 

hwiA 

hv /A 

hw /A 

hw /A 

hu IB 

hu /A 
nBuNF I THF 

hv IA 

hv /A 

Product Cy.(b’ 

no reaction 

64 

OSi t-BuPb, 

6b 

&OSit-BuMe, \ &OH \ 

11 

12 
7d 6d 85 

e O S i t - B u P b  \ &H \ 

7e 
9s 

6 e =  

k.A OSit-BuPhz 64 

6f 

PH 

[a] h u  A .  irrddintion pefiormed with phenanthrcnc. [b] I’irlds of isolated purr compounds 
[cl So  formalion of diol detected h i )  R ’ irradiation performed \\.,thou\ phenanlhrrne 
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224 PIVA, AMOUGAY, AND PETE 

cleave the TBDMS and DPMS silyl ethers8. This hypothesis is supported by the 

unreactivity of ether 3b when irradiated in the presence of a base such as 

triethylamine. In this case, the base could react with the HCI, leading to ammonium 

salts, which are then too weakly acidic to promote the cleavage of the 0-Si bond. 

Otherwise under our conditions, it is now possible to deprotect selectively one 

allylic ether without concomitant cleavage of other silyl ethers such as TBDMS or 

DPTBS (Table 3). The photobehavior of ether 5d in the presence of phenanthrene 

(conditions M A )  or in its absence (cconditions hdB) shows clearly the importance 

of the additive. Without phenanthrene, only the diol is isolated after irradiation. 

Furthermore, during nucleophilic attack by fluoride, the standard method to 

deprotect the silyl ethers1, no selectivity appears during the deprotection of the 

compound 5e. Unselective deprotection of the bis(DPMS) ether 5g could be 

explained by a first deprotection of the allylic ether followed by an intramolecular 

migration of the terminal silyl group to the activated position and finally cleavage of 

the labile ether function to the diol 7g. Unfortunately, no evidence of this 

possibility has been yet observed when the reaction is followed by GC analysis. 

In conclusion, we have developed an efficient and selective cleavage method of 

DPMS ethers of allylic or benzylic alcohols. We expect that this method will be 

useful in synthesis. 

Experimental procedure: 

The diphenylmethylsilylether (3.5 mmol) and phenanthrene (3.5mmol) are 

dissolved in a mixture of methylene chloride (90ml) and methanol (lOml). Argon is 

bubbled through the solution for 10 minutes. The solution is irradiated using a 

Rayonnet type system (A= 254nm) for 3 to 4 hours (TLC control). After complete 

disappearance of the starting material, the solvent is removed and the crude product 

is purified by flash-chromatography. 

Acknowledgements: 

A.A. thanks the “RLgion Champagne-Ardenne” for financial support. 

D
ow

nl
oa

de
d 

by
 [

D
uk

e 
U

ni
ve

rs
ity

 L
ib

ra
ri

es
] 

at
 0

6:
26

 0
5 

O
ct

ob
er

 2
01

4 



ALLYLIC AND BENZYLIC ALCOHOLS 225 

References and notes: 

(1) Green, T. W.; Wutts, P.G.M. Deprotection in Organic Synthesis, Wiley, 

New-York, 1991. 

a) Bhat, M.V.; Kulkarni, S.U. Synthesis 1983, 249.b) Pillai, V.N.R. 

Synthesis 1980, 1. c) Lalonde M.; Chan, T.H. Synthesis 1985, 817. 

Corey, E.J.; Venkateswarlu, A. J.  Am. Chem. SOC. 1972, 94, 6190. 

(2) 

(3)  

(4) Denmark, S.E.; Hammer, R.P.; Wcbcr, E.J.; Habcrmas, K.L. J .  

Org. Chem. 1987, 52, 165. 

Hanessian, S.; LavallCe, P. Can. J.  Chem. 1975, 53, 2975. 

a) Collington, E.W.; Finch, H.; Smith, I.J. TetrahedronLett. 1985, 

(5) 

(6) 

681. b) Nicolaou, K.C.; Daines , R.A.; Chakraborty, T.K.J. Am Chem 

SOC. 1987,109, 2208. c) Kawazoe, Y.; Nomura, M.; Kondo, Y.; Kohda, 

K.Tetrahedron Lett. 1987, 28, 4307. d) Hanamoto, T.; Hayama, T.; 

Katsuki, T. Yamaguchi, M. Tetrahedron Lett. 1987, 28, 6329. e) Kan T.; 

Hashimoto M.; Yamagiva, M.; Shirahama, H. Tetrahedron Lett. 1988, a 
5417. t) Kawai, A.; Hara, 0.; Hamada, Y.; Shiari, T. TetrahedronLett. 

1988,29, 6331. g) Prakash, C.; Salch, S.; Blair, LA. TetrahedronLett. 

1989, 30,  19. h) Monger, S.J.; Parry, D.M.; Roberts, S.M. J .  Chem. 

SOC. Chem. Commun. 1989, 381. i) Toshima, K.; Mukaiyama, S.; 

Kinoshita, M.; Tatsuta, K. Tetrahedron Lett. 1989, 30, 6413. j )  Toshima, 

K.; Yanagawa, K.; Mukaiyama, S.; Tatsuta, K. Tetrahedron Lett. 1990, 

3 l ,  6697. k) Bou, V.; Vilarrasa, J. TetrahedronLett. 1990, 31, 567. 1) 

Shekhani M.S.; Khan, K.M.; Mahmood, K.; Shah, P.M.; Malik, S. 

TetrahedronLett. 1990,3l, 1669. m) Hunter, R.; Bartels, B.; Michael, 

J.P. Tetrahedron Lett 1991, 32,  1095. n) Schmittling, E.A.; Sawyer, 
J.S. TetruhedronLett. 1991, 33, 7207. 0) Pilchcr, A S . ;  Hill, D.K.; 

Shimshock, S.J.; Waltermire, R.E.; De Shong, P. J .  Org. Chem. 1992, 

- 57, 2492. p) Lampilas, M.; Lett, R.TetrahedronLett. 1992, s, 777. r) 

Watanabe, Y.; Fujimoto, T.; Ozaki, S. J .  Chem. Soc. Chem. Commun. 

1992, 681. s) Feixas, J.; Capdevilla, A.;  Camps, F.; Guerrero, A. J .  

D
ow

nl
oa

de
d 

by
 [

D
uk

e 
U

ni
ve

rs
ity

 L
ib

ra
ri

es
] 

at
 0

6:
26

 0
5 

O
ct

ob
er

 2
01

4 



PIVA, AMOUGAY, AND PETE 

Chem. SOC. Chem. Commun. 1992, 1451. t) Cormier, J.F.; Isaac, M.B.; 

Chen, L.F. Tetrahedron Lett. 1993,34, 243. u) Varma, R.S.; Lamture, 

J.B.; Varma, M. TetrahedronLett. 1993,34, 3029. v) Pilcher, A.S.; De 

Shong, P. J. Org. Chem. 1993, 58, 5130. 

Cunico, R.F.; Bedell, L., J. Org. Chem. 1980, 45, 4797. 

a) van Look, G. "Silylating Agents" ; Fluka Chernie AG, 1988. b) Davies, 

J.S.; Higgibotham, C.L.; Tremeer, E.J.; Brown, C.; Treadgold, R.C. J .  

Chem. SOC. Perkin Trans. 1 1992, 3043. 

Its interesting to note that the direct irradiation of ether 3c in benzene in the 

presence of small amounts of TsOH leads to 1-indanone. See: Piva, 0. 

Tetrahedron Lett. 1992, 33, 2459. 

Bassindale, A.R.; Taylor, P.G. in " The Chemistry of Organic Silicon 

Compounds"; Patai, S . ;  Rappoport Z., Ed., Wiley, New-York, Vol.1, 839. 

a) Erra Balsells, R.; Frasca, A.R. Rev. Latinoamer. Quim. 1986, l7, 43. 

b) Erra Balsells, R.; Frasca, A.R.Tetrahedron Lett. 1984, 25, 5363. 

(Received in t h e  UK 28 April 1994) 

D
ow

nl
oa

de
d 

by
 [

D
uk

e 
U

ni
ve

rs
ity

 L
ib

ra
ri

es
] 

at
 0

6:
26

 0
5 

O
ct

ob
er

 2
01

4 


