
Tetrahedron Letters,Vol.23,No.26,pp 2641-2644,1982 0040-4039/P2/262641-04$03.00/O 
Printed in Great Britain 01982 Pergamon Press Ltd. 

DIALKYL ALUMINIUM CHLOlUDE: A REAGENT FOR WOVAL OF TRITYL GROUP FROM TRITYL 

ETHERS OF DEOXYNUCLEOSIDES, DEOXYWJCLEOTIDES, AND OLIGODM)XYNUCLEoTIDEZ 

II. Kgster*and N.D. Sinha 

Institute of Organic Chemistry and Biochemistry 

University of Hamburg, Martin-Luther-King-Platz 6, 

D-2000 Hamburg 13, FRG 

Summary: Detritylation of N-acyl-5 I-0-tritylated deoxynucleosides, deoxy- 
nucleotides, and oligodeoxynucleotides have been quantitatively achieved in 
minutes at room temperature by using diethylaluminium chloride or diisobutyl- 
aluminium chloride. Reactions take place in unpolar solvents in homogeneous 
phase under completely aprotic conditions. 

The trityl (triphenylmethyl) group, as a protection of _5*-OH-function 

of the nucleoside moiety, is most desirable as tritylethers are stable in 

slightly acidic, basic and other reaction conditions in use for oligodeoxy- 

nucleotide synthesis 
1 
. However, this desirable group, as a protection of 

5’-ON, does not find wide application, because very drastic conditions using 

protic acids were required for its removal from nucleosides where cleavage 

is accompanied by depurination. Zincbromide in methylene chloride2 or nitro- 

methane3 has been used recently for detritylation without cleavage of the 

glycosidic bond. 

A drawback, however, of the Lewis acid ZnBr2 is its low solubility in 

nonpolar aprotic solvents. In nitromethane the maximal concentration which 

can be obtained is 0.1 M3, in methylene chloride ZnBr2 has only a very low 

solubility so that reactions take place in heterogeneous phase 
2 
. This is 

particular disadvantageous if ZnBr2 should be used for the detritylation 

during oligonucleotide synthesis performed on polymeric carriers, because 

in this case high concentration of reagent has to be employed. Therefore 

co-solvents have been introduced such as methanol 1, 2 or even water 
4 
. This 

opens the possibility that hydrobromic acid is being formed which will 

cleave the N-glycosidic linkage of N-acylated deoxynucleosides. Thus the 

advantage of using a Lewis acid instead of the direct use of a protic acid 

is lost. 

Ve therefore like to report in this commun ication a solution to this 

problem by the use of dialkylaluminium chlorides for detritylation in homo- 

geneous phase under nonpolar and completely aprotic conditions. Misobutyl- 
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aluminium chloride in toluene and diethylaluminium chloride in hexane have 

been found to remove trityl groulp;from 5 I-tritylether of deoxynucleoside, 

deoxynucleotide and oligodeoxynucleotide dissolved in dry methylene chloride 

having various protecting groups for -NH2 and 3'-OH without any depurination 

or side reaction with the other protecting group(s) present in the molecule. 

Of all the various protected nucleosides used, only 5'-O-trityl-3'-O- 

levulinyl deoxythymidine under the reaction condition used was found to give 

after complete detritylation the desired 2 ~-deoxy-3t-O-levulinylthymidine 

(55%) and the hemiketal (26$) derived from free 5 *-Oh and C=O of levulinyl 

moiety (shown by FMR). In all cases detritylation was quantitative in 2 to 

10 minutes at room temperature. 

The mechanism of this reaction could probably be as shown in 

Scheme 1, whereas II is thymine or N-acylated adenine, guanine, cytosine, 

Ci”- Al-R’ 

0 0 

o- -Cl 

6 0 

cl- Al-R' 
J cl- 

HO. A@ 

-0 

R1 is H, acyl or silyl protecting group, p hosphodiester or phosphotriester 

group or an oligonucleotide chain, R" being ethyl or isobutyl. During drop- 

wise addition of the dialkylaluminium chloride a yellow colour of the trityl 

cation appears due to a reaction of Tr-Cl with the excess of R2A1-Cl forming 

Tr+ R,AlCl,- (this could be demonstrated in an appropriate model reaction). 

The back reaction is not likely to occur under these conditions because the 

5*-OH is blocked. Coloration is a good indicator that reaction conditions 
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Table 1: Detritylation with diethylaluminium chloride (A) 

and diisobutylaluminium chloride (B) 

Isolated Yield aftel 
l'roducb 

Solvent per Equivalents Time 
INIl (ml) of reagent ( ) in min 

DSp,,:gC~0,3) 
I Chromatography in : 

(Tr).fdl) Cll2C12 (25) 10 (s) 10 100 

(k)tl%, Cll2Cl ‘2 (30) 10 (B) 10 100 

(,lV)bZ6Ad CII2C12 (30) 12 (B) 10 100 

(Tr)bz6AJtDunz) CIL2C12 (30) 15 (B) 10 100 

(T+ulQJtLhlBz) C"2ClT? (30) 15 (B) 10 100 

(Tr)ib2Cdp(C1Ph) c112c12 (50) 20 (B) 10 100 

(R)Td(L=,) 2) CH2C12 (20) 10-15 (B) 10 100 

(Tr)Td CH2Cl2 (20) 15 (A) 2 100 

(Tr)t14Cd CI12C12 (20) 10 (A) 2 100 

(Tr)ib%* C112C12 (100) 10 (A) '2 100 

(l'r)&d(tLhM) CII,C12 (60) 15-20 (A) 3 100 85 

(T&14C&lhlBz) Cl1 .? Cl2 (60) 10 (A) 3 100 85 

(l~)Td(tBuPh2Si) CI12C12 (50) 10 (A) 3 100 80 

(R) rdl>(Clt'l!, WE) cI::$l, (30) 10 (A) 3 100 70 

(Tr)'fd(LOV) 2) Cll2Cl* (30) 10 (A) 3 100 

(Tr)bz6Adp(CllJh)t14Cd Cl12C12 ('45) 10 (A) 3 100 

(rI-)Tdp(Cll~h)tl~Cd cl!2c12 (50) 10 (A) 3 100 

(n-)ib2Gd(C1Ph)bz6Ad CII,Cl, (100) 10 (A) 3 100 

1) With respect totie abbreviations used see lit. 1 end 6. 

2) It results a product mixture: 3@-0-levulinyl deoxy thymidine (_5+6O$)and 

cyclic hemiketal (23-28$) characterized by pmr. 

3) Complete detritylation has been demonstrated by tic on silica gel. 

are suitable for detritylation. king work up using extraction with an 

excess of aqueous sodium or triethylammonium bicarbonate the 5'-OH function 

is liberated while hydrochloric acid is (simultaneously) neutralized. Thus 

the sensitive nucleotidic material is either in an unpolar, aprotic milieu 

or comes into contact with non-acidic aqueous environment. 

Reaction conditions when detritylating different nucleotidic compounds 

are summarized in 'Iable 1. Under the experimental conditions &-monomethoxy- 

trityl and &,b-dimethoxytrityl ethers of deoxynucleosides such as (MMTr)Td 

and (W?r)ib2Gd have also been deprotected quantitatively without any side 

reactions. Furthermore deoxynucleotides bearing the unusual methyl phospho- 

nate internucleotidic linkage have also been detritylated without any 

problems using this method. We therefore feel confident that this is a 
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method of general value not only restricted to the use in oligonucleotide 

chemistry. 

The application of this method is very advantageous for oligo- 

nucleotide synthesis on polymeric carriers as high concentrations of reagent 

can be obtained in either unpolar or polar aprotic solvents while main- 

taining homogenous reaction conditions 
7, 8 

l 

Acknowledgement: The work was supported by the Deutsche Forschungsgemein- 

s&aft and Ministry for Research and Technology. 

Reference%: 

1. II. KEster, N. Hoppe, V. Kohli, M. KrBpelin, II. Kaut and K. Kulikowski, 

Nucleic Acids Symposium Series No. 7, 39 (1980). 

2. V. Kohli, II. IIl6clcer and II. KGster, Tetrahedron Letters 2l, 2683 (1980). 

3. M.D. Matteucci and Pl.11. Caruthers, Tetrahedron Letters 21, 3 243 (1980). 

4. F. Chow, T. Kempe and G. Palm, Nucleic Acids Res. 2, 2807 (1981). 

5. D. Rotermund and II. KBster, unpublished results. 

6. II. KBster, II. Bllfcker, R. E'rank, S. Geussenhainer and W. Kaiser, Liebigs 

Ann. Chem. JJ& 839. 

7. H. Kdster, H. Mojen, A. Stumpe and A. Wolter, to be published,, 

8. In this case after a thorough wash-out of the excess of dialkylaluminium 

chloride with CI12C12 the dialkylaluminium bond to the 5*-O has to be 

cleaved by a treatment with n-butanol/pyridine, followed by a wash with 

CI12C12. 
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