
Accepted Manuscript

Tritylation of Alcohols under Mild Conditions without Using Silver Salts

Shahien Shahsavari, Jinsen Chen, Travis Wigstrom, James Gooding, Alexander

Gauronskas, Shiyue Fang

PII: S0040-4039(16)30909-1

DOI: http://dx.doi.org/10.1016/j.tetlet.2016.07.062

Reference: TETL 47924

To appear in: Tetrahedron Letters

Received Date: 1 July 2016

Revised Date: 13 July 2016

Accepted Date: 17 July 2016

Please cite this article as: Shahsavari, S., Chen, J., Wigstrom, T., Gooding, J., Gauronskas, A., Fang, S., Tritylation

of Alcohols under Mild Conditions without Using Silver Salts, Tetrahedron Letters (2016), doi: http://dx.doi.org/

10.1016/j.tetlet.2016.07.062

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers

we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and

review of the resulting proof before it is published in its final form. Please note that during the production process

errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.tetlet.2016.07.062
http://dx.doi.org/10.1016/j.tetlet.2016.07.062
http://dx.doi.org/10.1016/j.tetlet.2016.07.062


  

 1 

 

 

Tetrahedron Letters 
 

 

Tritylation of Alcohols under Mild Conditions without Using Silver Salts 

Shahien Shahsavari,
‡
 Jinsen Chen,

‡
 Travis Wigstrom, James Gooding, Alexander Gauronskas and Shiyue 

Fang*  

Department of Chemistry, Michigan Technological University, 1400 Townsend Drive, Houghton, MI 49931, USA 

 

Introduction 

The triphenylmethyl (trityl) groups including the 4-

monomethoxy- and 4,4'-dimethoxytrityl groups have been widely 
used for protecting alcohols in organic synthesis including 

synthesis of DNA, RNA and peptides. These protecting groups 

are stable under basic conditions, and can be readily removed 

with a mild acid. The most widely used reagents for introducing 

them onto an alcohol are trityl chlorides. The conditions are 

stirring the substrate alcohol with trityl chloride in pyridine, 
which also serves as the base to neutralize the side product 

hydrogen chloride, at room temperature.
1
 The method works well 

for unhindered primary alcohols. However, when it is used to 

protect the more hindered secondary alcohols, the reactions are 

usually slow and the yields are mostly poor. The most efficient 

and widely used method to solve the problem in the literature is 
to use a silver salt such as AgNO3 and AgO3SCF3 to abstract the 

chloride of the trityl chloride to form a high concentration trityl 

cation solution, which speeds up the tritylation reaction. Using 

this method, tritylation of secondary alcohols can usually be 

achieved at ambient temperature within several hours.
2
 In some 

cases higher temperature and longer reaction time were used, 
which were probably needed to achieve satisfactory yields.

3
 

Besides using silver salts, DMAP had been used to catalyze the 

reaction. Although DMAP is more available than silver salts, 

longer reaction time and higher temperature were mostly used for 

secondary alcohols.
3a,4

 Other strategies to facilitate tritylation of 
secondary alcohols include using a stronger base such as DBU 

and NaH to deprotonated the alcohol.
5
 However, NaH may have 

substrate compatibility issues, and when DBU was used, long 

reaction time was required.  

Recently, we needed to form a trityl ether linkage between a 

complex trityl alcohol derivative and a hindered secondary 
alcohol. We first converted the trityl moiety to a trityl chloride 

with acetyl chloride under reported conditions.
6
 We then 

screened all the known conditions discussed above for the 

formation of trityl ethers. However, none of them including the 

most powerful one involving AgNO3 gave satisfactory results. 

With many trials under different unprecedented conditions, we 
finally succeeded by treating the trityl alcohol with trifluoroacetic 

anhydride followed by reacting the intermediate carbocation with 

the secondary alcohol. These results will be reported in due 

course. Owing to several very significant advantages of the new 

tritylation method over reported ones, we decided to carry out the 

reaction condition optimization and substrate scope studies. We 
did not intend to limit the studies to secondary alcohols. Instead, 

we also included primary alcohols. The reason is that besides its 

high efficiency for the tritylation of more hindered secondary 

alcohols without using silver salts, the method has other 

advantages. For example, the method uses trityl alcohol instead 

of trityl chloride as the reagent. Trityl alcohol is stable while 
trityl chloride is moisture sensitive. In addition, trityl chlorides 

are mostly made from trityl alcohols, and therefore the latter 

could be less expensive. Based on these considerations, our 

studies included not only secondary alcohols but also primary 

ones. 
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Table 1 

Optimization of reaction conditions for tritylation of alcohols 

using trityl alcohol and trifluoroacetic anhydride as the 

reagentsa 

 

Entry Solvent Base Yield (3a)
b 

Yield (4)
 

1 CH2Cl2 2,6-Lutidine 14% 36%
b
 

2 THF 2,6-Lutidine 82% < 5%
c
 

3 DMF 2,6-Lutidine 46% < 5%
c
 

4 CH3CN 2,6-Lutidine 47% 5%
b
 

5 THF Pyridine 52% < 5%
c
 

6 THF DIEA 91% < 5%
c
 

7 THF DBU 79% < 5%
c
 

a
 Reaction conditions: Trityl alcohol 1a (1.2 equiv.), (F3CCO)2O (3.0 

equiv.), CH2Cl2, rt, 2 h, evaporation to give 2a; then thymidine (1 equiv.), 

base (2 equiv.), solvent, 0 ºC to rt, 2 h. 
b
 Isolated yields based on 

thymidine. 
c
 Estimated yield based on TLC. MMTr, monomethoxytrityl. 

DBU, 1,8-diazabicyclo[5.4.0]undec-7-ene. 

 

Results and Discussion 

For optimization of reaction conditions, we chose 

monomethoxy trityl alcohol 1a as the tritylation agent and 

thymidine (3) as the alcohol substrate. Our plan was to screen the 

best conditions for selective tritylation of a primary alcohol in the 

presence of a secondary one, then test the conditions on 
secondary alcohols. The results are summarized in Table 1. Trityl 

alcohol 1a (1.2 equivalents) was treated with trifluoroacetic 

anhydride (3 equivalents) in dichloromethane under an argon 

atmosphere, which gave the presumptive intermediate 2a. The 

volatiles including dichloromethane, remaining trifluoroacetic 

anhydride (boiling point, 40 ºC) and trifluoroacetic acid (boiling 
point, 72 ºC) were simply removed on a rotary evaporator under 

reduced pressure provided by a water aspirator. Even though 

small amount of water vapor from the aspirator may potentially 

diffuse to the flask to hydrolyze 2a, we did not pay any particular 

attention on this issue (e.g. attaching a Drierite or sodium 

hydroxide drying tube between the evaporator and aspirator) 
except for stopping the process timely after the evaporation was 

complete. The flask containing 2a was reattached to an argon 

atmosphere and flushed with argon. We then carried out studies 

on optimization of the reaction conditions by screening for the 

best solvents and bases. For identifying the most suitable 

solvents, we used the hindered non-coordinating base 2,6-lutidine 
(2 equivalents) in all cases. The substrate thymidine (1 

equivalent), 2,6-lutidine (2 equivalents), and the solvent to be 

screened were charged to a round-bottomed flask and cooled to 0 

ºC. To the flask containing 2a was added the same solvent. The 

solution of 2a was added to the substrate flask, and the mixture 

was stirred while warming to room temperature within a preset 

time of 2 hours. As shown in Table 1, dichloromethane was 

found to be more favorable to di-tritylation over mono-tritylation 

of thymine giving 4 as the major product (entry 1). The overall 

yield was however not high, which may be a result of the low 

solubility of thymidine in the solvent. Under the same conditions, 
we screened three more polar solvents – THF, DMF and 

acetonitrile, in which thymidine is more soluble (entries 2-4). 

THF gave the best results. Importantly, the reaction is highly 

selective favoring primary over secondary alcohol giving the 

mono-tritylated product 3a in 82% yield. Traces of di-tritylated 

product 4 could be observed on TLC, but isolation was difficult 
and not pursued. With DMF and acetonitrile as solvents, the 

reaction also favored mono-tritylation, but the overall yields were 

lower. Because THF is a widely used organic solvent in typical 

organic labs and a wide range of organic compounds are readily 

soluble in it, we concluded that THF should be the solvent of 

choice for next studies. 

To select the most suitable base for the reaction, we screened 

pyridine, 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) and 

diisopropylethylamine (DIEA). The more coordinating base 

pyridine gave significantly lower yield (entry 5, Table 1). The 

non-coordinating bases DIEA and DBU both gave good results 

(entries 6-7). In all the three cases, the primary alcohol could be 
selectively tritylated. Only traces of di-tritylated product (4) 

could be observed on TLC. Because DIEA gave the highest yield 

and close to 100% selectivity for mono-tritylation, and it is more 

volatile and easier to evaporate, we concluded that DIEA is a 

better choice than our originally selected 2,6-lutidine although 

both bases gave excellent results. Therefore, the best conditions 
for the new tritylation reaction is to generate 2a with a trityl 

alcohol and trifluoroacetic anhydride, and react 2a with an 

alcohol substrate in THF using DIEA as the base for 

neutralization of the trifluoroacetic acid side product. 

After successful identification of the most suitable conditions 

for the new tritylation method, we carried out substrate scope 
studies. We started by testing the optimized conditions on the 

more challenging secondary alcohols. The results are 

summarized in Table 2. Because there was no concern of di-

tritylation as in the case of 3, the standard procedure was 

modified slightly and the intermediate 2a or 2b were mixed with 

the alcohol substrate and base at room temperature instead of 0 
ºC. Substrates 5-8 were all readily tritylated with both 

monomethoxy- and dimethoxytrityl alcohols. Good to excellent 

yields were obtained in all the cases (entries 1-4). It is remarkable 

that in the literature only low yields could be obtained when the 

alcohol 6 was tritylated with mono- and dimethoxytrityl 

tetrafluoroborates (6a 27%, 6b 32%).
7
 Compounds 7a-b and 8a-

b were also successfully prepared in high yields using trityl 

chlorides as reagent in the literature. However, microwave 

irradiation had been used to facilitate the reactions.
8
 Compound 

8b was also made using benzyl dimethoxytrityl ether as the 

reagent in good yield, but expensive reagents including diethyl 

azodicarboxylate and Ce(OTf)4 had to be used as activators.
9
 

Compared to those reported methods for tritylation of secondary 

alcohols, our method is much simpler and uses much less 

expensive reagents.  

Because trityl groups have been widely used in solid phase 

oligonucleotide synthesis for protecting the 5'-OH group of 

nucleoside monomers, and nucleosides are more polar than 
typical organic compounds, we decided to test the method for 

tritylation of the primary alcohol of the nucleoside substrates 9-

11 and 3. As shown in Table 2, all of them were successfully  
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Table 2 
Substrate scope studies on tritylation of alcohol using trityl alcohol and trifluoroacetic anhydridea 

 

Entry HO-R MMTrOR (Yield)
b 

DMTrOR (Yield)
b 

1    

2    

3    

4    

5    

6    

7    

8    

a
 Reaction conditions: Trityl alcohol 1a-b (1.2 equiv.), (F3CCO)2O (3.0 equiv.), CH2Cl2, rt, 2 h, evaporation to give 2a-b; then ROH (1 equiv.), DIEA (2 

equiv.), THF, rt (5-8) or 0 ºC to rt (3, 9-11), 2 h. 
b
 Isolated yields based on alcohol. MMTr, monomethoxytrityl. DMTr, dimethoxytrityl. 

 
tritylated using our simple and convenient standard procedure 

(entries 5-8). In several cases, the yields were moderate, but we 

believe they can be improved by more careful manipulation 

during workup and flash column chromatography. 

The much higher reactivity of trityl trifluoroacetates 2a-b than 

the commonly used trityl chlorides 13a-b toward secondary 

alcohols can be rationalized using equations (1)-(2). For the 

tritylation reaction to occur, 2a-b and 13a-b have to be 

dissociated to the cations 12a-b and 14a-b, respectively. It is 

reasonable to believe that trifluoroacetate is less coordinative 
than chloride because its negative charge is delocalized to two 

oxygen atoms. Therefore, equation (1) is more favored to the 

cation side than equation (2), giving a higher concentration of the 

cations, which render the follow-up trityl ether formation reaction 

faster. The observation of much deeper red color of 2b than 13b 
in dichloromethane at the same molar concentration is well in 

line with the hypothesis. The selectivity of mono- and di-

tritylation of thymidine (3) in different solvents can also be 

explained by equations (1)-(2). As shown in Table 1, di-

tritylation product 4 is favored over mono-tritylated product 3a 

when the non-polar dichloromethane was used as solvent (entry 
1). In contrast, when the more polar solvents THF, DMF and 

acetonitrile were used, the mono-tritylated product 3a was  
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formed almost exclusively. The rationale is that the polar 

solvents coordinate with the cation 12a and reduce its reactivity, 

and therefore increase selectivity. The overall higher yield with 

THF as a solvent over others (entries 1-4) is likely a result of 

combined effects of substrate solubility in the solvents and the 

degree to which the solvents coordinate to the cation. As to the 
effect of different bases on the yields (entries 2 and 5-7, Table 1), 

the more coordinating base pyridine gave much lower yield. The 

non-coordinating ones including 2,6-lutidine, DIEA and DBU 

gave much higher yields. The lower yield with pyridine is a result 

of the lower reactivity of the cation 12a caused by coordination 

to the base. 

There are several reasons for trifluoroacetic anhydride to stand 

out as an ideal reagent for activating the trityl alcohols 1a-b from 

several other potential candidates such as trifluoroacetyl chloride, 

p-toluenesulfonyl chloride, trifluoromethanesulfonyl chloride, 

acetic anhydride, p-toluenesulfonic anhydride, methanesulfonic 

anhydride, and trifluoromethanesulfonyl anhydride. Among 
them, all the chlorides will give a trityl chloride intermediate 

such as 13a-b, which have lower reactivity. Compared to all the 

anhydrides, trifluoroacetic anhydride is relatively stable and easy 

to handle while has high reactivity to form the intermediates such 

as 2a-b. Its boiling point is low (40 ºC), which allows to use 

excess amount for activation of the trityl alcohols to ensure 
complete reaction because the remaining reagent can be easily 

evaporated. The side product trifluoroacetic acid also has a low 

boiling point (72 ºC), which allows easy removal too. As stated 

in the introduction section, the new tritylation method has several 

significant advantages over known methods. It is highly reactive 

toward secondary alcohols, and does not require expensive 
activators such as AgNO3. Compared with using trityl chlorides 

as the reagent, there is no concern of hydrolysis since trityl 

alcohol is stable and trifluoroacetic anhydride can be used in 

excess. Furthermore, trityl alcohols are potentially less expensive 

than the widely used trityl chlorides since the common way to 

make the latter is chlorination of the former.
10

 Finally the new 
method provides an attractive alternative approach for the 

formation of trityl ether linkage from sensitive and complex trityl 

alcohol and alcohol substrates, where known methods do not 

work well or do not work at all. 

Conclusion 

In summary, we have developed a new method for the 

tritylation of alcohols. Both primary and secondary alcohols were 

found to be good substrates for the reaction. Compared to known 

tritylation methods, the most significant advantage of the new 

method is the capability to tritylate secondary alcohols under 

mild conditions in a short time without using expensive silver 

salts. Several other advantages are also significant. The reagent 

used in the method is trityl alcohol, which is more stable and 

potentially less expensive than the more commonly used trityl 

chloride. We expect that the method find wide applications for 
the protection of alcohols in organic synthesis. More importantly, 

the method provides a potential solution for the formation of 

trityl ether linkages between complex and sensitive substrates 

where known methods do not work. 
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Highlights 

 

 

 

 Tritylation of secondary alcohols with high efficiency. 

 Mild conditions and short reaction time. 

 More sustainable because no need of expensive silver salts. 

 Uses more stable and potentially cheaper trityl alcohol instead of trityl chloride. 

 
 


