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IL Compar2tiue gas-liquid chromatographic evaluation of N-trimethySsifyB- 
acetani[ide and its p-ethoxy derirative 

In the search for new silylatin g agents, we considered the N-trimethylsilyl 
derivatives of acetanilide and p-ethoxyacetanilide, which hydroiyzed rapidly upon ex- 
posure to air moisture and hydrolyzed vigorously in contact with water. These 
features were indicative of a high reactivity of the N-silyl -moiety. Preliminary tests 
confirmed our expectations and encouraged us to carry out a more thorough study 
on the silylation strengh of these two reagents. 

30th reagents belong to the group of silyiated derivatives of acetamide, which 
includes the commonly used reagent M,O-bls(trimethylsiIyl)aceramide (BSA). N- 
TrimethylsiIyIacetanilide (TMSA) was first reported by KIebe and Bash’ in 1965. Its 
p-ethoxy congener, N-trimethyisilyl-p-ethoxyacetanilide (TMSEA), was prepared in 
this !aboratory by silylation of p-ethoxyacetanilide with trimethylchlorosilane in the 
presence of triethylamine. 

As in Part I’, the silylating strengths of both reagents were estimated by uskg 
BSA, N-trimethylsilylimidazoie (TMSIM) and trimethylsilyldiethylamine (TMSDEA) 
as references. As substances for silylation, 15 organic compounds carrying primary, 
secondary, tertiary and phenolic hydroxyl groups, as well as carboxylic, thiophenolic, 
amine, amide and imide functions, were used. 

EXPEE=SMEN’fAL 

TMSA was obtained as fo!lows. To 27 B (0.2 moles) of acetanilide dissolved in 
200 mf of benzene, 2Q.S g (0.2 motes) of criethylamine was added followed by 54.3 g 
(0.5 moles) of trimethylchlorosilane, which was added dropwise with stirring. The 
reagent mixture was refiuxed for 3 h, cookd and a precipitate of (C&&N - HCI was 
Gkered ofF. The filtrate was evaporated unde r reduced pressure to remove benzene and 
the oily residue obtained was fractionally disrilled to give the desired compound : b-p. 
222O; n&O 1.4985; die 0.9745 ~.cIII-~; AfR, c&d. 61.98, found 62.27 (literature data33 
b-p. 105”/13 mm Hg; JZ~ 1.4971). The yieid ~2s 78%. 

Similarly, TMSEA was obtained in 75 oA yield by silylation of p-ethoxyacet- 
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NOTES 433 

z&de using idenkaf molar amonnts of the reagents. The reagent mixture was re- 
Awed for 5 h. A frzction collected at 138O/4 mm Mg had the foIlowing properties : 
ng 1.5932; d:O i_024g-cm-‘; _MR, calcd. 73.i8, found 72.63; C caicd. 62.10%, 
found 61.87 %; H calcd. 8.42 %, found 8.33 “/,_ Et was identied as the expected com- 
p0lZKi. 

The physi& cons’Cmts of the remaining siIylating agents and organic com- 
pounds subjected to silylation have been reported in the Pa-t P, except for N-nethyl- 
formamide, which was a pure reagent suppiled by FIuka (Buchs, Switzerland). 

Proceihre 

To evaluate the silyiating strengths of the reageents used, 15 representative 
organic compounds were select&, carrying varioz~s functional groups (Table l). The 
silylation conditions adopted were srrch as to incompletely silylate the compounds. 
Reactions were czrried out with the exclusion of air moisture in 10-m: rubber-stbppered 
vials in which 0.1-0.5 ml of a 0.2-1.0 M solution of an or,oanic compound to be 
silylated was p!aced. TG this solut-ion, 0.1-0.5 ml of a sayEating agent was added by 
means of 2 microburette, the mixture was shaken vi,oorously for about 30 set and 
aliowed to stand over a period and at a temperature indicated in Table I. Pressure that 
developed in some instances in the viai upon heating was reduced by means of a syringe. 

A Pye Series 104 gas chromatograph with a flame ionization detector was used 
and two colrrmns: (i) 2 i.5 m x 4 mm I.D. glass column packed with 3 % QV-I OR 
lOtI--I20 mesh Diatomite CQ and (2) 2 0.9 m x 4 mm I.D. glass column packed with 
3% SE-30 on 100-120 mesh Diatomite CQ_ Arson 5x2s used 2s the carrier gas. The 

remaining operating conditions are given in Table 11. 

TABLE II 

OPERATING CONDITIONS USED FOR GLC DETERMINATIONS OF SILYL DERIVA- 
TIVES 

No. Cbnpund silyia.ted No. of Argon COiffttZtZ D~iecror irtjector 

coiunttt flow-rafe temp. Over? purr 

(rnljrnin) (“C) temp. iernp. 

(“a (“Cl 

1 c&y1 alcohol 2 75 190 240 200 
2 sec.-Butanoi 2 20 50 80 45 

3 rex-Amy1 aicohol I 30 80 210 105 
4 4-Cblom-3,S-dimetiylplienctl 1 30 140 220 170 
5 2,4,6-Tri-refi.-‘o~~ip~~~oi 1 30 190 220 210 

6 Thlopllenol 2 16 120 230 135 

7 Cho!esterol 2 75 240 250 225 

S D-Xylose 2 30 190 240 185 
9 Vitamin 0, 2 71 240 250 230 

LO Sdicyk acid 2 75 160 240 180 
II hilkie 2 16 i30 230 160 
12 N-MefhyLfommnide 2 25 6+-l if0 140 
13 Ph&alinGde 2 8 180 220 210 
14 pTokenesulphonamide 2 6 25.5 270 240 
15 5.5~Dietbyh.rbituk acid 2 20 195 240 175 
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TABLE iii 

RELATIVE RETENTZON TlMES (r,) OF THE S~LYLATING AGENTS AND OF THE PARENT 
COMLWUNDS 

NO. Siiyhting r, 
agent 

Pizrenr cofrpoimi 

i BSA 1.%3* Monosiiylace=ratide’C l.GCY’ 

2 TMSEA 4.83 p-Erhoxyacetzmilide 6.78 
3 TMSA 2.03 Acettiide 2.56 
4 TMSDEA 0.43 Die*&ylaG-xe 0.23 
5 TMSIM I-08 Imidrrrole -4 

6 HMDS 0.65 

l Absoltsc retention time 18 sec. 

tt Patial desilylation product of BSA. 
*** Absolute retention time 16 sec. 

J A badly tailing pe& with 2 long retention time. 

The relative retention times of the silylating agents End their desilylation prod- 
ucts are tisted in Table TEL. The times were determined using column No. 2. The 
operztin,o conditions of the gas chromatograph were: column temperature, 190”; 
detector oven temperature, 240”; injection port temperature‘,^, 250”; carrier gas, argon 
at the flow-rate of 30 ml/min. 

RESULTS AND DISCUSSlON 

The results of the silyiation are listed in Table I. They show TMSEA to be an 
cxcelieni silylating agent for the silylation of primary (cety! alcohol), secondrrj (sec.- 
butanoi, cholesterol, vitamin DS), phenoiic (4chloro-3,Sdimethylphenol, sakylic 
a-id), carboxyiic (saiicy!ic acid), thiophenoiic, amine (znfline), amide (N-methyl- 
formzmide) and imide (phthahmide, 5,5diethylbarbituric acid) functions. Its silyIatin_g 
strength for these functional groups is equal to or even better (cholesterol, vitamin 
!I&, aniline) than that of BSA, TMSEM (thiophenoj, n-xylose, N-methyiformamide, 
phthahmide, 5,5diethy!barbituric acid) and TMSDEA (cetyl alcohol, sec.-butanol, 
D-xylose, vitamin D,, eniline, N-methylformamide). ft should be borne in mind that 
the molecule of BSX possesses two trimethylsiiyl groups compared with one in zny of 
the remaining silylatin,c agents tested. Therefore, the use of, e.g_, a IO-fold excess of 
BSA and any one of the remzinin, = reagents favours the former. 

Theoretical considerations concerning the evaluation of the sitylatingeffective- 
ness of TMSEA and TMSA indicate that the former shouird be more effective owing to 
ihe availabitity of an electron-reieasfng etho.xyl soup in the pcrra-position. The para- 
alkoxyi substituent has been known to increase the basicity ofthe nitroSen atom owing 
to the following electronic effects: 

As has been sugested in Part I”, there seems to be a correlation between the 



P& &ues of the parent amines and the sibyl donor strensh of their N-sibyl deriv- 
atives: the lower the p& value, the higher is the silylating stren&. This suggestion 
seems to be supported by some of the results shoT,vn in Table I (CT, for instance, the 
results of the silylation of 6chIoro-3,5dimetbylphenoI, 2,4,6-tri-ferb.-bu~yylplrenolt 
D-xylose, N-metbyEformamide, phtbalimide an6 5,5-die~hylbarbi~urrc a%}). Kow- 

ever, two exceptions were noted (terf.-amyl alcohol and p-ioltleEiesuiphonamide)_ 

Other ~dvanta_~es of TMSA and TMSEA are the following: (E) the simple 
method of their preparation and associated fewer cost compared with ES4 and 
TMSIM: (2) good solubility in orgzxnic solvents; and (3) useful gzs-fiquid chromato- 
graphic (GLC’) characteristics owZDg to the appearaxe of single, sharp peaks of the re- 
agents and of their desliylation products. This feature enables the completeness of si- 
lylation of an organic compound to be followed ,oas chrcmato~raphiczlly. In contr2st, 
BSA _eEves 5 or 6 peaks in the chromatograms and TtMSEM tails bad&. 

TMSA h.zs been especially useful for GEC determinations over the temper- 
ature ranges 40-140” and 16CL350”. IEZ the former range, the use of BSA. E-I&IDS and 
TLbfSDEA is limited owing to the appearance of peaks of these reagents used in excess 
arLd of their desilylation products. TMSE_4 can be used over the ranges N-160” and 
180-350’ <cjI also Table III). Et is obvious that the ranges are suitable for the columns 
and parameters employed in this work. 

For organic compounds whose uimethylslljI derivatives appear over the 
range 14G-f83”, N-trime~hylsily!piperidine (WMSPI) 2nd N-trimethylsiiyIpyrrolidine 
(TIMSPY), reported in Part 1’ can bc empIoyed as equallqr effective silylating agents. 
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