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The 18F Radiofluorination of Arylsilanesl 
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The synthesis of 18F labelled compounds by cleaving silanes with [18F]F2 is reported. 

Fluorine-18 is a particularly useful tracer isotope because its 
substitution for hydrogen in organic molecules generally does 
not alter their biological properties from those of the parent 
compounds,* since the size and energy of the C-F bond is 
comparable to that of the C-H bond. 

Arylsilanes react with electrophilic halogens such as Cl2, 
Br2, and I2 to give the corresponding aryl halides.3 Perhaps 
because of the high reactivity of F2 however, its reaction with 
arylsilanes has not been investigated in detail. We studied the 
fluorination of 'silicon-activated' aryl positions for the pur- 
pose of introducing 1gF into radiopharmaceuticals. Because it 
is a positron emitting radioisotope (tl,2 110 min), fluorine-18 
has been widely used in nuclear medicine research especially 
in studies of blood flow and brain metabolism by positron 
emission tomography (PET).4 

Adam et al.5 fluorinated tetraphenylsilane, but their chem- 
ical yield was rather low: 2.4% in Freon and 7% in CC14. We 
prepared several arylsilanes (1)-(4), in good yields (ca. 
70%), by metallating the aryl bromides by lithium-halogen 
exchange (BuLi in tetrahydrofuran, -78 "C) followed by 
silylation (R3SiC1, room temp.). The silanes were character- 
ized by 1H n.m.r. and electron impact mass spectroscopy. We 
then examined their reaction with ['*F]fluorine. 

The radiofluorination of (1)-(5)? was conducted as fol- 
lows: the silyl compound (1 mmol) in trichlorofluoromethane 
(Freon-11, 12 ml) was added to a reaction vessel and purged 
with N2. After cooling to -78"C, [1RF]F2 (ca. 80 pmol, 0.5% 
F2 in neon)6 was bubbled into the reaction vessel for 8 min 

7 The silane ( 5 )  was obtained from the Petrarch Chem. Co., 
Levittown, Pennsylvania, U.S.A. 

P - R ' C ~ H ~ R ~  

(1); R1 = H, R2 = SiMe3 
(2); R1 = H,  RZ = SiMe2But 
(3); R1 = H, R2 = SiMePh2 
(4); R1 = CN, R2 = SiMe, 
(5 ) ;  R1 = C1, R2 = SiMe, 
( 6 ) ;  R1 = H, R2 = F ('SF) 
(7); R1 = CN, R2 = F (I8F) 
(8); R1 = C1, R2 = F (18F) 

followed by helium for 1 min to flush the system. After 
passing the compound through a silica gel column using 1% 
ethyl acetate in hexane as solvent to remove inorganic 
impurities, we obtained the labelled compounds, in 14-217'0 
radiochemical yields (Table 1). 

These results indicate that arylsilanes can be fluorinated 
over a short reaction time to give products in good radiochem- 
ical yields and purity. The yield is highest with trialkylsubsti- 
tuted arylsilanes; it is reduced somewhat when electron 
withdrawing substituents are on the aryl ring. 

$ Products were identified using h.p.1.c. [Partisil 10-PAC or Partisil 
10-0s columns with hexane and water-propan-2-01 (2 : 3) as elution 
solvent, respectively], a U.V.  detector at h = 260 nm, a radiochemical 
detector, and by thin layer radiochromatography (silica gel) and 
comparison of Rf values with those of authentic samples. The 
maximum possible yield is 50%. The chemical and radiochemical 
yields were estimated from the area under the peak that corresponds 
to the product in the h.p.1.c. chromatogram and from the activity of 
['8F]F2 extracted from the target as measured by titration with 
hydrogen sulphite ion (ref. 6), respectively. After purification by 
h.p.1.c. the products were isolated in a radiochemical purity of at least 
90% (specific activity of ca. 310 Ci/mol). 
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Table 1. Yields of [l*F]aryl fluorides from the reaction of ['*F]F, with 
arylsilanes. 

Radiochemicala 

yield/% 
Starting material Product (chemical) 

20 (23) 
21 (24) 
14 (16) 
14 (16) 
14 (16) 

a Reaction time ca. 20 min. b Has been proposed as a myelin tracer 
(ref. 5 ) .  Intermediate in the synthesis of haloperidol and spiroperi- 
dol. 

The use of organosilanes as intermediates for radiofluori- 
nation offers several advantages. Organosilanes are readily 
obtained from inexpensive starting materials. They are 
non-toxic, in contrast with organotin compounds which are 
toxic, particularly the more volatile ones. Moreover, organo- 
silanes are quite stable, and do not require storing under 
anhydrous or inert atmospheres.' The time required for 
fluorinating the aryl-tin bond is ca. 1 h;H our synthesis 
requires only ca. 20 min, which means that less time is 
required for handling the radioactive reaction mixtures. The 
procedure, therefore , is a valuable method for 18F-radiofluori- 
nation of aryl components because of its ease and also the 
relatively high yields that are obtained. 

We have used this approach in the preparation of 4-[18F]- 
phenazoney from the corresponding 4-silane. 10 This radio- 
synthesis will be described elsewhere. 

J .  CHEM. S O C . ,  CHEM. COMMUN., I984 

This work has been supported in part by an MRC Special 
Program grant, the Cone Memorial Research Fund of the 
MNI, and by the Killam Memorial Scholarships (to M. D.). 
We thank Mr. Brian Naud for operating the cyclotron. The 
interest and encouragement of Drs. W. Feindel and Y. L. 
Yamamoto in this project are also appreciated. 
Received, 3rd November 1983; Com. 1436 

References 
1 

2 
3 

4 

5 

6 

7 
8 

9 

10 

Part of this report was presented as a poster at the International 
Symposium on Heteroatoms for Organic Synthesis, Montreal, 
August 14-17, 1983. 
C. Heidelberger, Nucleic Acids Res. Mol. Biol., 1965, 4, 1. 
B. 0. Pray, L. H. Sommer, G .  M. Goldberg, G .  T .  Kerr, P. A.  Di 
Giorgio, and F. C. Whitmore, J. Am. Chem. Soc., 1968, 70, 433; 
C. Eaborn and R. W. Bott, 'Organometallic Compounds of Group 
IV Elements,' ed. A. MacDiamond, Marcel Dekker, New York, 
vol. 1, ch. 2, 1968, pp. 4 0 7 4 3 5 .  
A.  P .  Wolf, Semin. Nucl. Med., 1981, 11, 2. and references 
therein. 
M. J. Adam, J. M. Berry, L. D. Hall, B. D .  Pate, a n d T .  J .  Ruth, 
Can. J. Chem., 1983, 653. 
Fluorine-18 F, was produced in a medical mini cyclotron by means 
of the nuclear reaction 20Ne (d, a). In experiments described in 
this paper, a 10 min irradiation time was used. The production of 
['&FF]F2 is fully described by M. Diksic and Y. Toda. Can. J. 
Chem., 1983,661. 
T. H .  Chan and I. Fleming, Synthesis, 1979, 761. 
M. J .  Adam, B. D. Pate, T. J .  Ruth, J. M. Berry. and L. D .  Hall, 
J. Chem. Soc., Chem. Commun., 1981,733. 
4-Fluoro-2,3-dimethyl-l-phenyl-3-pyrazolin-~-one; C.-Y. Shine 
and A.  P. Wolf, J. Labelled Compd. Radiopharm., 1981,18,1059. 
For some general syntheses of the unlabelled fluoro compounds, 
see V. Reutrakol and V. Rukachaisirikal, Tetrahedron Lett., 1983, 
725. and references therein. 




