
SEARCH FOR N3i’ SILYLATING AGENTS 

1. COMPARATIVE GAS-LEQUID CHROMAT~GRAPHIC EVALUATION OF 
TRfMETHYLSILYL DERIVATIVES OF PIPERTDIXE, PYRROLIDLNE AND 
MORPHOLINE 

The ef%ctiveness of the N-trimethylslfyl derivatives of piperidine (TMSPT), 
pyrrolidine (TMSPY) and morpholine (TMS&Q as silylating reagents has been 
compared for 16 representative organic compounds having hydroxyl, carboxyl, 
amino, imino and rnercapto groups as substituents. ConvenGonal silylating agents 
such as N,O-bis(trimethytsiyl)acetamide (BSL4), tr~~ethyls~yEdie~yia~~e (TMS- 
DEA) and E\f-trimethylsllylimidazole (TlMSIM), were used as refereoce reagents. In 
general, TMSPI and TLMSPY were stronger sibyl donors than TLMSOEA and T_MSflM. 
and in some instances were as ef5ective as BSA. 

SlZylation of various classes of organic compounds hating active hydrogen 
atoms is WeIl reCOg&ed as a rapid and convenient Method for prepWing triMethyl- 
silyl (TMS) derivatives amenabie to gas-liqtid chromatography (GLC). Commonly 
used sifylating reagents involve trinzethyfchlorosifane (TMCS), hexamethyldisilazane 
(IZMDS)), trlmetfrylsilyfdieth~~a~ne (TMSCEA), ~-t~ethylsiIJilimidazole (TM- 
SI&f), N,0-bis(tri~ethylsiIyl)acetamride (BSA), M,O-bis(irimethylsiEyl)~~uoroace- 
ramide (BSTFA) aad N-methyl-~-tr~et~s~y~~~oroacet~ide (MSTFA), as weI1 
as mixtures of two or more silyiating agents, e.g., TRIGSfi. These reagents are 
characterized irr 811 excellent monograph’ and recent surveys2*‘. Other silylatlng 
agents, reviewed by Wurst5, appear to be cf minor importance. 

The most powerful silyl donor appears to be BSA, which was first reported 
by Birkofer et al.’ and used for silyiation by Klebe et ~1.~. However, as we have found, 
BSA cam& be used as a utiversal GIylatiog agent for siiyfation of alI classes of 
organic componnds. 

In this paper, the sitylating strengths of the N-trimethyfsilyt derivatives of 
pip&dine (TMSPi), pyrrolidine (TMSPY) and morpholi=e {TMSM), which were 



4-Chforo-3,5_dimethylphenol (Ffuka, BUG&, §~$tzeiE~nd), tert.-amyl aicohoi 
(Schuchardt, Munich, 6. F. R ‘? -/¶ cetyi alcohoE (R&Set-De Haeo, Seelze-Hamover, 
G.F.R.), sec.-butinol (Pclskie Odc,ytmiki Chemicme, P.O.Ch., G&ice, Poland), 
benzenethiol (Koch-Light, ColEbrook, Grezt Briitai?), phthzfimide @.O.Ch.), p- 
toluermulphonamide (P.O.CEi.), dine+&4formzmide @Ml?) (Rezkhim, U.S.S.R.) and 
choleczlciferol (viizmirr D3) (Koch-Light) were pure comsaercizl products and were 
used zs snpplied. 2,4,6-Trl-krr.-brr~vfphenaI &rva, Heidelberg: G.F.R), D-XylOse 
(E. Merck, Damstadt, G.F.R.), e’thmoltim (C&o Erba, &5&n, IfAy), aniline 
(P.O.Ch.), pzidine fP.Q.Ch.) azd ace:otiWle (Fluksr) -mxe of zuxlytic& grade. 
Cholesterol wets the official PO&~ product, and the remaining rezgents were of 
phammopoeial Bade. 

Pyrldfne was dried over potassium hydro_tide am% distiZed before being used; 
DMF zod aceetotiitrife were dried with nofectrtzr sieve 4.A. 

II1 order to evzluate the sifyEaeln_e stxength of the reagents nsed, they were 

a&wed to react with I6 represent&&e compouzxis hzviig hydra& carbqxyI, iminu, 
amina ar mermpto ,ororrps, or mixtures of f&se groups. T&e conditions adopted 
were srrcb as to incompletely siiyIate the cosxqarmds, ar;ct are specified in Tzbte II_ 
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Reactloos were czcried orrt, with exclusion of atmospheric mofctrrre, in IO-m1 
rubber-sioppered vials. To U.E-U.5 ml of a 0.2-1.0 M sofution of the organic com- 
poured in pyridine, DMF or acetotitie was added 0.1-W ml of the silylating agent 
from a micro-burette. The mixtare was then shaken vigorously for about 30 set and 
a&xed fo stand for the period indicated in Table II. With compounds having 
steric&g hiruierzd ftmcdonal groups, si!yIation was performed at 30, 50 or 60’ to 
accelerate the conversion c (,E Table IT); in these instances, pressure in the viaI was 
reduced by means of a syrioge. 

From Cl. 1 to 0.S ,zf of the resuftiog reaction mixtrrre was injected into the gas 
chromatograph. 

A Fye series 104 gas chromato&;aph with a Bame-ionisdion detector was wed, 
the chrumatograms being recorded 011 a Philips PM 8010 chart recorder. Peak areas 
were calculated by multiplying the peak width at half height bj the maximum peak 
he:ght. 

Two @ass cohmk~s were used: (1) a I.5 m x 4 mm I.D. cofumn packed with 
3 ;‘, of UV-1 on 10%LX-mesh Diatomite CQ; and (2) a 0.9 m x 4 mm I.D. colnmn 

pzd=xd v&b 3 % of SE-30 on the saze support. Argon was used as carrier gas, the 
attenuation factor was 2 x 10’ or 5 x tOA, and the remaining operating conditions 
were as io Table EL 

The relative retezxtioa times of rhe silylating agents and of the parent amines 
were determized by using the 0.9 -m coiuxnn. The operating conditions were: column 
temperature, 85’; detector temperatrrre, 220” ; injection-port temperature, 210” ; 
catier gas, argon at 75 nl/min. Under these conditions, the absolute retention time 
of imidazole exceeded 455 sec. 

i 2 
2 2 
i 1 
4 I 
5 I 
6 2 
5 2 
8 2 
9 2 
16 2 
11 1 
12 2 
13 2 
i4 2 
15 2 
I6 2 

199 
50 
ect 

140 
190 
I20 
240 
:!a 
240 
100 
El5 
1ii.l 
190 
t_S3 
25.5 
195 
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The results of silylation are she-n in Table JX Of part&tar note is the high 
si&I-donor efEctiveness of TMSPI and TMSPY in the silykxtion of the hydroxyl 
gruups of atcohols, phenols, choIesterof, vitamin I&_ and the silyfatio~ ofp-toluene- 
sulphonamide and phthalimide (TMSPI only). These two reagents are almost as 
efEctive as, and in some instances [e.g., cholesterol, vitamin Dj (TMSPY) and aniline 
(XXfSPu)j more e!.Zective than BSA. TMSM is excellent for the sifyIation of sec.- 
butanol, benzeoethiol, cholesterol, salicy&z acid, ethanoIamine and p-toluenesulphon- 
amide, and TMSFY appears to be suitable for the seiective siIyIation of salicylic acid. 
This reagent, as we11 as TMSPI and TMSM, selectiveIy silyIated the suIphonamide 
G.mction to give monosiryiated p-toluenesulphonamide in excelIent yields; under the 
same conditions, silyfation with BSA gave an equimolar m&we of mono- and 
disifylated products. 

The three new reagents are readily soluble in orgaoic solvents, as are their 
desilyiated products, and have low boiling points and low molecular weights;. Further, 
they nay be used without my solvent, as many organic compounds are solubfe in 
them at ambient or s.Eghtiy elevated temperature. On cbromatog~ams, they give single, 
sharp peaks with short retention times (ES_4 usual.& gives a mrrEtiple peak, owing to 
the extreme ease wXn which it undergoes hydrolysis). TMSEM is Zess efEitive and 
taiEs badly. The relative retention times of TMSPY, TMSPE and TMSM are shorter 
than those of TMSFM and BSA (cJ Table Iv), and the retention times of the parent 
amines are markedly shorter than that of monosilylacetamide (MSA), a partial 
desiIyIation product of BSA. 

x3. sii_varing r2ag2nr f Amine G 

f BSA 1.00” _MonosiiyIacefanide tt* 1.00 
3 TMSDEA 0.43 Diethyfarnirie 0.23 
_ : TMSIM I.GS” 3inidzzoIe - 

TMSPE 0x3 Fiperidine 0.48 
5 TMSPY 0.59 PyrroIidine 5.35 
6 TMSM 0.81 Morphohe 0.52 
7 H_MDS 0.65 

* AbsoZufe refentioa time, 111 sec. 
== Tails badly. 

_** Fartiat desilylation product of BSA; absotufe retention time, ST sec. 

There seems to be a close correfation between the pK, v&es of the parent 
amines and the siIyIdonor strength of their N-siIy1 derivatives ; for example, the pi;‘b 
values of piperidine, pyrroIidine: diethyfamioe sod morphofine are 2.88, 2.73, 3.07 
and 5.3, respectively, and the si&Iating strengths of their TMS derivatives decrease 
rough& in the same order. 

1~ general, TMSPf is a very proFrising sityiation reagent, which deserves 
further irruestigation. 



There are also some &~nemic aspects ‘Aat make IXSPY ZZII~ T?dSPI prefer- 
abfe cc TMSEM .ZXI~ E&A. First, the parent amines are cheaper than imidazk, and 
sew~.dIyI the method cf preparadof 0 f TMSPY and TLMSPI is mu& simpler than 
that of BSA and the yields are higher. 


