
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Routine Preparative HPLC of Aromatic Silyl Compounds on Caffeine
Coated on Silica Gel
Guy Félixa; Cécile Bertranda; Annie Févriera

a Laboratoire de Chimie organique du Silicium et de l'Etain associé au CNRS (LA 35), Université de
Bordeaux I, 351, Cours de la Libération, (France)

To cite this Article Félix, Guy , Bertrand, Cécile and Février, Annie(1984) 'Routine Preparative HPLC of Aromatic Silyl
Compounds on Caffeine Coated on Silica Gel', Journal of Liquid Chromatography & Related Technologies, 7: 12, 2383 —
2400
To link to this Article: DOI: 10.1080/01483918408068884
URL: http://dx.doi.org/10.1080/01483918408068884

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918408068884
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 7(12), 2383-2400 (1984) 

ROUTINE PREPARATIVE HPLC OF AROMATIC SILYL COMPOUNDS 

ON CAFFEINE COATED ON SILICA GEL 

Guy Felix, CGcile Bertrand, Annie Fgvrier 
Laboratoire de Chimie organique du Silicium et de 1'Etain associd 
au CNRS (LA 35),Universit6 de Bordeaux I, 351, Cours de la Lib& 
ration,33405 TALENCE CBdex (France) 

ABSTRACT 

A liquid chromatographic method using caffeine coated on silica 
gel, for separation and purification of acenaphthenylsilyl 
compounds is described. This has been achieved on a preparative 
scale. 

INTRODUCTION 

The rapid and facile separation of a few grams 

compounds for synthesis or analytic identification have alw 

been the hope of the bench chemist. 

Y 

When the purifications are not possible by distillation or 

fractionated crystallization, the used of an HPLC method 

is a solution which can help the chemist. 

A mixture of polyaromatic hydrocarbons is easily separated 

on an analytic scale by reversed-phase chromatography (C8 or 

C 

scale (2 few grays) is not possible because of the poor solubi- 

lity of the polyaromatic hydrocarbons in the reversed phase 

eluents. The introduction of a trimethylsilyl group to the 

). But the transposition of the separation on a preparative 18 
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2384 FELIX, BERTRAND, AND FEVRIER 

aromatic hydr9carbons as 

For a mixture of trimethylsilyl-1 acenaphthene and acenaphthene, 

our experiments show that 300 mg is the highest quantity that we 

can separate ( 1 ) .  It would not be an interesting way. 

a substituent increase its insolubilitv. 

In fact in this example we have to separate two aromatic 

compounds so that a 

be the best way to resolve the problem because the eluents (hexane) 

are solvents f o r  acenaphthenyl compounds. 

danor-acceptor chromatography appeared to 

For the separation of polyaromatic hydrocarbons Lam used 

caffeine as acceptor (2-4) and Krasnec pointed out that the caffeine 

forms one of the strongest donor-acceptor complexes (5). On 

an other hand in T.L.C. caffeine is totaly retained with dry 

hexane as eluent, whereas acenaphthenyl compounds are eluted. So 

we used caffeine coated on silicagel to separate our compounds. 

EXPERIMENTAL 

Apparatus 

a) Pr6parative LC : the apparatus consisted of a Chromatospac 

Prep 10, Jobin-Yvon system equipped with a Gilson holochrom 

H.M. The following samples were injected directly on the 

column by means of a syringe. 

b) General equipment : The NMR spectra were recorded 

on a Perkin-Elmer R 24 B spectrometer. Results are reported 

in the 6 

chloride as internal standard (5,15 ppm down field from TMS). 

scale in parts per million (ppm) with methylene 

The gas chromatographic analyses were performed on an Intersmat 

1.G. C 120 with a flame -ionization detector equipped with a 
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AROMATIC SILYL COMPOUNDS 2385 

1,5 metersx'1/8 inch SE 30 10 % on chromosorb PAW column. Gas 

carrier 

Reagents 

was nitroken with a flow rate of 25 ml/mn. 

Caffeine, acenaphthene, acenaphthylene were purchased from 

Aldrich chemica1,caffeine and acenaphthene were used without 

further purification. 

Acenaphthylene was recrystallizated from methanol. 

Aceton and hexane (Aldrich Chemical). were dried on molecular 

sieves. 

The silyl acenaphthene compounds were synthetized by proce- 

dure published earlier (6). 

Silica gel is Lichroprep Si 60 (5 - 2 0 ~  ) from Merck. 

PROCEDURES 
5 0  g of caffeine were dissolved in one liter ofdry acetone 

After dissolution 250 g of silica gel were added and mixed. The 

solvent was evaporated with a rotary evaporator and caffeine 

silica gel (20 % in weight) was activated at 80°C during 

12 hours. 

A 200 g amount of caffeine-silica gel were mixed with 400 ml of 

dry hexane and they were packed into the column (40 m-T.D.) until the 

excess of hexane get out. The height of the bed was 270 m. 

Results and Discussion 

a) Tests of the column 

Xn a first the we have studied the chromatographic carac- 

teristics of the column to know its maximum of efficiency. So 

we have to determinate on optimun packing pressure (pressure on 
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Hnrm 
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0,Ol 

9 

5 10 15 

Packing Pressure Bars 

Figure 1 .  Variation o f  HETP vs packing pressure 
F l o w  rate 30 ml/mn 

Hmn 

0 , O l  

i. 10 20 30 40 50 

Flow rate ml/mn 

Figure 2. Variation of HETP vs f l o w  rate 
packing pressure 8.5 bars. 
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A 

lOmn 
u 
33Oml 

- 

27 
I 

B 

lOmn 
'33oml 

the piston) and the best flow rate. These tests were made with 

acenaphthene ( 1  ml of a solution of 100 mg in 10 cc of hexane). 

The results are givenon figures 1 and 2 : packing pressure : 

9 bars, flow rate : 34 ml/mm respectively. The figure 1 shows 

that it is preferable to have a pressure on the piston who 
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1 Omn 

j3omll 

I 
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35 

I ,  I I I II , I  I I I  

0 10 20 30 40 50 60 

Figure 4 .  Separation of acenaphthene and acenaphthylene : 
eluent dry hexane X = 254 m 
3 g injected in 30 cc of dry hexane 

stay in the first part of the curve. So we selecte 8.5 bars. 

For the flow rate we choose a value of about 34 ml/mn. 

Secondly we studied the capacity of the column. For 

that we choose to separate a synthetic mixture of  acenaphthene 

and acenaphthylene ( 5 0 / 5 0  w/W ) they are respectively 

white and yellow and it is easy to see observe its separations, 
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AROMATIC SILYL COMPOUNDS 2389 

1 mn 
H 

A B 

Figure 5. GC analysis: 2 g injected Temp 190°C 

(A) fraction 26 acenaphthene 
(B) fraction 27 acenaphthylene 

in particular when the W spectrometer is overgained (7 ) .  SO that 

we did not oblige to analyse a lot of fractions. 

Figure 3 shows that for 2 g : pure products are 

obtained ( GC fig 5) ; for 2 , s  g fraction 31 is mixed and 

contains less than 0,05 g of  mixture (GC fig 6). The maximum 

of mixture that we can separate on this column is 3 g (fig 4 ) .  

Only fraction 35 is mixed and contains 0,1 g of mixture (fig 7). 

The combined fractions 2 0  to 3 4  are acenaphthene (1,40 g) and 

36 to 40 are acenaphthylene (1,35 9 ) .  The difference of 0,15 g 
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IWr 
H 

A B C 

Figure 6. GC analysis 2,5 g injected Temp 190°C 
(A) fraction 30 
(B) fraction 31 
(C) fraction 32 

is due to losses in the injection and oxydatives species in 

acenaphthylene which stay at the top of the column. 

In any fraction we did not find caffeine. 

b)  Purification of silylacenaphthene compounds 

These studies were followed in this manner: 

1) the GC analysis of the mixture, 2) the preparative chromato- 

gram of the mixture and 3) the GG analysis of the fractions which 

contain the silyl compound and its NMR analysis. 
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J 

lmn 
H 

A 

J 

B 

Figure 7. GC analysis 3 g injected 
(A) fraction 34 
(B) fraction 35 
(C) fraction 36 

Temp 190°C 

I-(trimethylsilyl) acenaphthene : this compounds is a mixture 

which contents about 10 X of impurities (acenaphthene, acenaphthy- 

lene and bis(acenaphtheny1-1) tetramethyldisiloxane (fig.8). The 

preparative chromatogram of 2 , 5  g is showed on figure 9. 

The first fraction (14-15) containsthe siloxane. The two 

acenaphthenyl groupsof this compound 

charge -transfer with caffeine. The siloxane chain givesto the 

molecule a polarity less strong than the SiMe3 group. So it was @luted 

are not able to form good 
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Imn 
H 

b 

i, L 

Figure 8. GC analysis of crudel-(trimethylsilyl) acenaphthene 
temp 190'~ 
a) acenaphthylene b) acenaphthene c) I-(trimethyl- 

tetramethyldisiloxane. 
sily1)acenaphthylene d) bis(acenaphtheny1-I) 
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G=4 
330 ml 

2393 

8 .5 

Figure 9 .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
5
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



2394 FELIX, BERTRAND, AND FEVRIER 

Imn 
H 

A B 

Figure 10. GC analysis of fractions of the separation of 
1 - (trimethylsilyl) acenaphthene Temp 190°C 

(A) fraction I6 
(B) fraction 17 

first. The second product is the trimethylsilylacenaphthene. The 

figures 10 and 1 1  show the purity of the differents fractions 

examined by GC. If we take out fractions from 

2 , 3  g of pure product (NMR fig. 12). Fractions 29-40 contain 

acenaphthene and fractions 40-55 acenaphtylene respectively. 

17 to 29 we obtained 

I-(dimethylsily1)acenaphthene : the purity of this mixture 

is better than 95 % (fig. 13) .  The same impurities were found by GC 
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C D 

L 
Figure 1 1 .  GC analysis of fractions after HPLC separation of 

l-(trimethylsilyl) aeenaphthene Temp 190°C 

(C) combined fractions 18-25 
(D) fraction 27 
(E) fraction 28 
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500 400 300 200 100 

4 Solvent C C l  

8 .0  7 .0  6 . 0  5 . 0  4.0 3.0 2.0 1.0 Opprn 

Figure 12. NMR of combined fractions 18-25. 
1-(trimethylsilyl) acenaphthene 

d 

u 

C 

b 

L 
figure 13. GC analysis of crudel-(dimethylsily1)acenaphthene 

Temp 17OoC 
a) acenaphthylene, b) acenaphthene, c) I-(dimethylsilyl) 

loxane. 
acenaphthene d) bis(acenaphtheny1-1)tetramethyldisi- 
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0 10 20 30 40 50 60 

Figure I & .  HPLC preparative chramatogram of crude 
I-(dimethylsily1)acenaphthene separation. 
X = 320 nm 

as for l-(trimethylsilyl)acenaphthene. The quantity injected was 

1 g ; so we obtained one chromatogram directly analysable (fig 14) .  

Fractions 15-16 are the siloxane, fractions 18 to 25 contain 0,9 g 

of the silane which is obtained with an excellent purity (fig. 15). 

Fractions 28-35 are acenaphthene, and fractions 37-42 acenaphthylene. 

The NMR spectrum (fig. 16) shows that the methyl groups 

in the Mepi moiety are not in the same environnement. One of 
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lmn 
t-l 

Figure 15. GC analysis of combined fractions 18-25 
of I-(dimethylsily1)acenaphthene 
Temp 17OoC 

them is in the shelding aera of the cycle, the other is out: 

so we have four signals. 

In our studies we didn't find caffeine in any fraction if 

we used dry solvents. If we used solvents saturated with water 

we have been able to eluete caffeine. We found about 100 mg of 

caffeine by gram of injected product. In the case it is prefe- 

rable to use 7-(2,3 dihydroxypropy1)theophylline (8) than caffeine. 
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J 

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 ppm 

Figure 16. NMR of combined fractions 18-25 
of I-(dhethylsily1)acenaphthene 

Conclusion 

Preparative HPLC on silica gel coated with caffeine itas 

been found to be a good method for the separation of silylacenaphthe- 

nyl mixtures resulting in high 

having excellent purity. 

yield of the silyl compounds 
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