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SYNTHETIC COMMUNICATIONS, 27(15), 2709-2719 (1997) 

NITROGEN LIGAND COMPLEXES OF METAL 
CHLORIDES AS EFFECTIVE CATALYSTS FOR THE 

SILYLATION OF HYDROXYL GROUPS WITH 
HEXAMETHYLDISILAZANE (HMIIS) 

AT ROOM TEMPERATURE 

HIGHLY REGIO- AND CHEMOSELECTIVE 

H.Firouzabadi*, A.R. Sardarian, Z. Khayat, B.Karimi, 
S. Tangcstanincjad 

Chemislry Dcpartmcnt, Shiraz Univcrsity,Shiraz 7 1454,Iran 

Abstract: Zn(bipy),CI,, Fc(bipy)Cl,, and Fc(tpp)Cl arc effective catalysts for 
silylation of hydroxy groups with HMDS at room tcnipcraturc in dry CH,CN. High 
selcctivity is obxrved betwccn primary and sccondaiy hydroxy functional groups. 
This method absolutely discliminatcs other functional groups cont;iining labilc 
hydrogen atoms. 

Thc importance of the hydroxyl group functionality in organic chemistry is 

reflected by h e  continuous appearance of methods for developing complex stlucturcs 

based on the chemical inierconvcrsion oC this functional group in the litcraturc. A 

limiting factor in some c a x s  in the presence of more than one oxygen function o f  

comparable reactivity in  h e  molccule to be tl-msl'onned. This difliculty is circumvcned 

by thc use of protective group, a practice which in thcory allows frcc manipulation 

of the desired functionality. Howcvcr. it is only in  a fcw cascs, this practice 

reachcs an acccptablc practical Icvcl, mostly duc to the diflicultics involved in 

selectivity of protecting and of icgencrating spccilic hydroxyl groups. 

* Corresponding author 
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2710 FIROUZABADI ET AL. 

Since the introduction of siiyl cthcrs for thc protcction ol' hydroxy groups, 

the usc or organosilicon coinpounds as protective groups in  organic synthcsis has 

undergone an explosivdevclopmcnt. It is fair to say that, to date, in  any synthesis 

of reasonable complexity, the use of one kind or anothcr of organosilicon rcagent is 

unavoidable'. 

Many reagents, such as; trimethylchlorosilane (TMCS) in prcscnce of 

basic catalyst~?'~or lithium sulfide4; hcxamcthyldisilazaiic (HMDS)', and 

hexamelhyldisiloxanc (HMDS0)6 in acidic media7; ally1 silancs etc. 'o,'l, 

havc bcen developed for the introduction of trimethylsilyl group to the molcculcs. 

One of the most practical silylating agcnts is hexamcthyldisilazanc (HMDS) 

which has been used for our studics druring this investigation. HMDS is a cheap 

and commercially available rcagcnt. Its handling docs not necd special prccaution 

and the work up of the reaction mixture is not liinc consuming. The main drawback 

of this reagent is its poor silylating power ', which needs forceful conditions in 

many instances and long reaction times. In the literature, several procedures have 

been reported to catalyze silylations with HMDS. This reagent has been used for 

silylation of various alcohols in the presence of trimethylchlorosilanc '', sulfonic 

acids ', mines,  and trimcthylsilylated amides such as saccharin 13. Although the 

procedures mcnlioncd above provide an improvement, in many cases, reaction 

times of several hours are still necessary. 

We have reported that hexamethyldisila~ane (HMDS) protccts various typcs 

of hydroxy groups in the prcscncc of a catalytic amount of anhydrous ZnC1, in diy 

CH,CN under reflux conditions with high yiclds.I4 The reactions are complcted 

within a few minutes with absolutc chemosclectivity. ZnC1, is a very hygroscopic 

compound therefore, its handling is difficult and puts rcstriction on its uses in the 

reactions. Now, we report that 2,2'-bipyridyl complexes of ZnCI,, FeCl,, and 

Fe(tpp)Cl arc effective catalysts (0.02-0.06 mol) for selective silylalion of hydroxy 
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HEXAMETHYLDISILAZINE 2711 

groups with HMDS at room tcmperaturc in dry CH,CN. These catalysts are as 

effective as ZnCl, are not hygroscopic their handling is easy, and they catalyze lhe 

reactions at room temperaturc. 

Primary alcohols arc silylatcd almost immediately with excellent yields . 

Secondary hydroxy groups undergo silylation easily with higher molar ratios of 

HMDS. The rcpresentativc results and their rcaction conditions by Fe(tpp)CI catalysis 

arc tabulated ( Table 1). Thc other two catalyst..; Fc(bipy)CI, and Zn(bipy),CI, 

show more or less the samc activity as Fe(tpp)Cl. Thc effects of thc catalysts in 

competitive silylation reactions of various types of alcohols arc also prcscnted ( 

Table 2). By the presented mcthod, primary hydroxy groups arc silylated versus 

secondaiy hydroxy groups with high selectivity (Schcmc I and Table 2). 

OTMS 0 1 N S  
*IMS 

PI1 
Cat./CH,CN 

PI1 + HMDS - 
Ph 4 OH RT 

Cat: Fe(bipy)Cl, 79% 

ZdbiPY ),ClZ 85% 

FC(tPP)C1 84% 

Scheme I 

5.2% 15.8% 

3% 12% 

5% 11% 

Silylation of diarylcarbinols is diflicult and does not procecd so easily with 

HMDS. In a recent report‘, triflic acid has been uscd to catalyze this reaction at 

80°C. Dismutation of some diaiylcarbinols has been obseivcd with this catalyst. In 

the samc report, it has been mentioned that chlorolrimethylsilanc (TMSCI) catalyzes 

the reaction safcly and produces the corrcsponding silyl ethers with high yields’. 
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HEXAMETHYLDISILAZINE 2715 
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2716 FIROUZABADI ET AL. 

We have found that Fc(tpp)Cl and Fe(bipy)CI, arc excellent catalysls for 

the high yield silylation of diphcnylcarbinol with HMDS at room kmpcraturc in dry 

CH,CN (Scheme 11). 

Cat./CH,CN 
PhCHOH + HMDS - PhCHOTMS 

RT 1 
Ph 

i 
Ph 

Cat: Fe(bipy)Cl, 

Fe(tpp)Cl 

91% 

90% 

Scheme I1 

Conclusion 

In this study, we have dcvcloped methods for absolutc silylation of hydroxy 

groups in the presence of othcr functional groups with replaccable hydrogcn atoms. 

In addition, by this method discrimination between primary and secondary hydroxy 

groups is also observed. Diphcnylcarbinol which is rcsistant towards silylation with 

HMDS could bc silylated very easily and with cxcellent yields in thc presence of 

Fe(tpp)Cl and Fc(bipy)CI at room temperature. The rcaction condition is aprotic 

and the catalysts are not hygroscopic. Reactions are usually fast and procecd at 

room temperature in excellent yields. Discrimination among various types of 

primary alcohols has not becn observed by the present method. 

EXPERIMENTAL 

All yields refer to isolated yiclds unless otherwise indicatcd.Al1 silylation 
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HEXAMETHY LDISILAZINE 2717 

products were characterized by comparison of their spectral data and G C  

chromatograms with authentic samples.Chemicals were either prcpared in our 

laboratories or were purchased from Fluka, Merck, and BDH Chemical Companies. 

Iron(II1) tetraphenylporphyrin chloride (Fe(tpp)Cl) is commercially available. 

Fe(bipy)Cl, and Zn(bipy), C1, wcre prepared by the addition of ethereal solutions 

of 1 and 3 molar ratios of 2,2'-bipyridyl to 1 molar equivalent of ethereal solutions 

of FeC1, and ZnC1, respcctivcly. The precipitated complexes were dricd under 

reduced pressure and used as catalysts. 

Silylation of 1-Octanol in Presence of Fe(tpp)CI with HMDS . 
A Typical Procedure . 

In a round-bottomed flask (50 ml) equipped with a drying tube and a 

magnetic stirrer, a solution of 1-octanol(520 mg, 4 mmol) in dry CH,CN (20 ml) 

was prepared. Fe(tpp)Cl (169 mg, 0.24 mmol) was then added and the mixture 

was stirred at room temperature. HMDS (0.6 ml, 2.8 mmol) was addcd to thc 

mixture over a period of 2-4 min. The progrcss of thc reaction was monitorcd by 

GC. After completion of the reaction, the mixture was extractcd with hexane (3 

x15 ml). The hexane extracts were concentrated on a rotary evaporator, and then 

filtered through a silica gel pad. The filter cake was washed with CCl, (3 x 15 ml). 

The filtrates were added together and the solvent was evaporated under diminished 

pressure to give the corresponding silyl ether, yield 735 mg, 91% (100% conversion). 

Silylation of Diphenylcarbinol with HMDS in Presence of 

Fe(tpp)CI. A Typical Procedure 

In a round-bottomed flask (50 ml) equipped with a drying tube and a 

magnetic s t i r rer ,  a solution of diphenylcarbinol (0.74 g , 4 mmol) and HMDS 

(0.45 gr, 2.8 mmoles) in CH,CN (20 ml) was prepared. To the resulting solution 
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2718 FIROUZABADI ET AL. 

Fe(tpp)Cl (0.039 gr, 0.24 mmol) was added in one portion. The resulting mixture 

was stirred at room temperature for 5 min. Solvcnt was evaporated undcr reduccd 

pressure and to the icsulting mixture CCl, (15 ml) was added and fillered through a 

silica-gel pad. The filter cake was washed twice with CCl, (each 15 ml) and the 

filtrates were combined together- Evaporation of the solvent affordcd pure 

silylated compound (0.947 g, 92% yield). 
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