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SUMMARY

The effectiveness of the N-trimethylsilyl derivatives of piperidine (TMSPI),
pyrrolidine (TMSPY) and morpholine (TMSM} as silylating reagents has been
compared for 16 representative organic compounds having hydroxyl. carboxyl,
amino, imino and mercaptc groups as substituents. Conventional silylating agents
such as N,O-bis(trimethylsityljacetamide (BSA), trimethylsilyldiethylamins (TMS-
DEA) and N-trimethylsilylimidazole (TMSIM), were used as reference reagents. In
generzal, TMSPI and TMSPY were stronger silyl donors than TMSDEA and TMSIM,
and in some instances were as effective as BSA.

INTRODUCTION

Silylation of various classes of organic compounds having active hydrogen
atoms is well recognized as a rapid and convenient method for preparing trimethyl-
silyl (TMS) derivatives amenasable to gas-liquid chromatography (GLC). Commonly
used silylating reagents involve trimethyichiorositane (¥ MCS), hexamethyldisilazane
(HMDS), trimethylsilyldiethylamine (TMSDEA), N-trimethylsilylimidazole (TM-
SEM), N,O-bis(trimethylsilyl)acetamide (BSA), N,O-bis(trimethylsilyl)trifiuoroace-
tamide (BSTFA) and N-methyl-N-trimethylsilyitrifluoroacetamide (MSTFA), as well
as mixtures of two or more silylating agents, e.g., TRI-SIL. These reagents are
characterized in an excellent monograph® and recent surveys®>. Other silylating
agents, reviewed by Wurst®, appear to be of minor importance.

The most powerful silyl donor appears to be BSA, which was first reported
by Birkofer er @f.® and used for silylation by Klebe ez al.%. However, as we have found,
BSA cannot be used as a universal silylating agent for silylation of all classes of
crganic compounds.

In this paper, the silylating strengths of the N-trimethylsilyl derivatives of
piperidine (TMSPI), pyrrolidine (TMSPY) and morpholine (TMSM), which were
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first reported by Birkofer of «l.7 in 1960, have been compared. Two of them (TMSPI
and TMSPY} are superior to TMSDEA and TMSIM and, for some compounds,
to BSA.

EXPERIMENTAL

Afaterials

All the silylating agents used were prepared by known procedures®. Their
physical consiants (b.p. and »%) were consistent with the literature values listed in
Table L. and they were chromatographically homogeneous {GLC}.

TABLEL
PHYSICAL CONSTANTS OF THE SILYLATING REAGENTS
Reager:t Abbreviation Aaolecular Afglecuiar Boiling néc‘ Reference
Jormula weight point
(°Clmm}

N, O-Bis{trimathylsilvi}-

acetamide BSA CHL.ONSE, 20444 T1-73/35 — &
Trimethyisilyvidiethyl-

aZmine TMSDEA C;H, NS 145.32 127 14109 8
N-Trimethylsilyl-

imidazole TMSEM CeH;aN5SE 148.26 9i/12 14756 7
N-Trimethylsilyl-

piperidine TMSPL CegH,oNSi 157.33 161/760  1.4423 7
N-Trinzethylsiiyi-

pyrrolidine TMSPY C.H,-NSi 14331 142/760 14333 7
N-Triciethylsilyl-

morpheline TMSM CoH,,ONSE 15538 160 14407 ¢

4-Chioro-3,5-dimethylphenct (Fluka, Buchs, Switzerland), rert.-amy! alcohol
{Schuchardt, Munich, G.F.R.}, cetyl alcohol (Riedel-De Haer, Seelze-Hannover,
G.F.E.), sec.-butanol {Polskiec Odczynniki Chemiczne, P.O.Ch., Gliwice, Poland),
benzenethicl (Koch—Light, Colnbrook, Great Britain), phthalimide (P.0.Ch.), p-
toluenesulphonamide (P.C.ChL.}, dimethviformamide (DMF) {Reakhim, U.S.S.R.}and
cholecalciferol (vitamin D;} (Koch-Light} were pure commercial products and were
used as supplied. 2.4.6-Tri-tere.-butviphenol (Serva, Heidelberg, G.F.R.), D-xylose
(E. Merck, Darmstadt, G.F.R.), ethanclamine {Csario Erba, Milan, Ifaly). aniline
{P.O.Ch.}, pyridine (P.O.Ch.} and acetonitrile (Fluka) were of analytical grade.
Cholesterol was the official Polish preduct, and the remaining reagents were of
pharmacopoeial grade.

Pyridine was dried over potassium hvdroxide and distilled before being used;
DMF and acetonitrile were dried with molecular sieve 44A.

Procedure

In order to evaluate the sifylating strength of the reagents used, they were
allowed to react with 16 representative compounds having hydroxyi, carboxyl. imino,
amino of mercapto groups, or mixtures of these groups. The condifions adopted
were wuch as to incompletely silvlate the compounds, and are specified in Table 11
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Reactions were carried out, with exclusion of atmospheric moisture, in 10-ml
rubber-stoppered vials. To 6.1-0.5 mi of a 0.2-1.0 A sclution of the organic com-
pound in pyridine, DMF or acetonitrile was added 0.1-0.5 mi of the silylating agent
from a micro-buretie. The mixture was then shaken vigorcusly for about 30 sec and

iowed to stand for the period indicated in Table II. With compounds having
sterically hindered functional groups, silylation was performed at 30, 50 or 60° to
accelerate the conversion {¢f. Table II}; in these instances, pressure in the vial was
reciuced by means of a syringe.

Erom Q.1 to 0.8 gl of the resulting reaction mixture was injected into the gas
chromatograph.

GLC conditions
A Pye series 104 gas chromatograph with a Same-ionisation detector was used,

the chromatograms being recorded on a Philips PM 8016 chart recorder. Peak areas
were calcuiated by muitiplyving the peak width at half height by the maximum peak
helght.

Two glass columns were used: {1} a 1.5 m X 4 mm [.D. column packed with

2¢ of OV-1 on 100-120-mesh Diatomite CQ; and (2) 2 .9 m X 4 mm L.D. column

packed with 39 of SE-30 on the same support. Argon was used as carrier gas, the
attenuation factor was 2 x 10° or 3 x 107 and the remaining operating conditions
were as in Table HE

The relative retention times of the silylating agents and of the parent amines
were determined by using the 0.9-m column. The operating conditions were: column
temnperature, 853°; detector temperature, 220°; injectiom-port temperature, 210°;
carrier gas, argon at 75 ml/min. Under these conditions, the absolute retention time
of imidazole exceeded 455 sec.

TABLE I
OPERATING CONDITIONS FOR GLC OF SILYL DERIVATIVES
N¢.” Number of Argon Colurn Derector  Enfection-port
columms fow-rate  Temp. zermp. terip.
(mljmin} (°C) (°C} (°C}
i 2 78 199 240 266
2 2 20 50 80 45 . _
3 1 30 8G 210 195
4 i 3G 140 220 170
S i 30 i90 220 2i¢
6 2 i6 120 230 i35
7 2 735 240 Z50 225
8 2 30 %9 240 185
S 2 7l 240 250 23
16 2 75 160 240 180
il 1 25 iis 150 130
12 2 is 130 23¢ 1680
i3 2 36 190 240 195
i4 2 25 189 220 210
15 2 6.3 255 270 240
s 2 20 155 240 i7s

* The numbers of the compounds correspond to those in Table IT.
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RESULTS AND DISCUSSION

The results of silylation are shown in Table I1. Of particular note is the high
sityl-donor effectiveness of TMSPI and TMSPY in the silylation of the hydroxyl
groups of alcohols, phenols, cholesterol, vitamin Ds. and the silylation of p-toluene-
sulphonamide and phthalimide (TMSPI only). These two reagents are almost as
effective as, and in some instances fe.g., cholesterol, vitamin D, (FMSPY) and aniline
(TMSPY}] more effective than BSA. TMSM is excellent for the silvlation of sec.-
butanoi, benzenethiol, cholesterol, salicylic acid, ethanolamine and p-toluenesulphon-
amide, and TMSPY appears to be suitable for the selective silylation of salicylic acid.
This reagent, as well as TMSPI and TMSM, selectively silylated the sulphonamide
function to give monosilylated p-toluenesulphonamide in excellent yields; under the
same conditions, silylation with BSA gave an equimolar mixture of mono- and
disilylated products.

The three new reagents are readily soluble in organic solvents, as are their
desilylated products, and have low boiling points and low molecular weights. Further,
they may be used without any solvent, as many organic compounds are soluble in
them at ambient or slightly elevated temperature. On chromatograms, they give single,
sharp peaks with short retention times (BSA usually gives a multiple peak, owing to
the extreme ease with which it undergoes hydrolysis). TMSIM is Iess effective and
tails badly. The relative retention times of TMSPY, TMSPI and TMSM are shorter
than those of TMSIM and BSA (¢f. Table IV), and the retention times of the parent
amines are markedly shorter than that of monosilylacetamide (MSA), a partial
desifylation product of BSA.

TABLE IV

RELATIVE RETENTION TIMES ()} OF THE SILYLATING REAGENTS AND THEIR
PARENT AMINES

No. Silylating reagent t. Amine .

H BSA 1.00°  Monosilylacetamide ™™  [.00
2 TMSDEA .43 Diethylamine 0.235
3 TMSIM 1,687 Imidazole —

4 TMSPL 0.83 Piperidine .48
s TMSPY 0.5¢ Pyrrolidine 0.35
6 TMSM Q.81 Morpholine 0.52
7 HMDS 0.65

* Absolute retention time, 111 sec.
** Tails badly.
== Partial desilviation product of BSA ; absolute retention time, 87 sec.

There seems to be a close correlation between the pK,, values of the parent
amines and the silyl-donor strength of their N-silyl derivatives; for example, the pX&,
values of piperidine, pyrrolidine, diethylamine and morpholine are 2.88, 2.73, 3.07
and 5.3, respectively. and the silylating strengths of their TMS derivatives decrease
roughly in the same order.

In general, TMSPI is a verv promising silvlation reagent, which deserves
further investigation.
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There are also some economic aspects that make TMSPY and TMSPI prefer-
able to TMSIRE and BSA. First, the parent amines are cheaper than imidazole, and
secordly, the method of preparation of TMSPY and TMSPI is much simpler than

that of BSA and the yields are higher,
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