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Abstract: Henzyl Iluoride derlvatlvea \how httle reactivity under photochemical conditions, while an 

enhancement of conversmn was observed w*hen photoirradiation was performed in the presence of 

LiAlH,. 

The chemistry of the fluorine containing organic compounds is marked by special properties of the 

carbon-fluorine bond. Its stability depends on the structural features of the molecule and on experimental 

conditions. In aliphatic molecules the C-F group is more stable towards hydrolysis than other halogens bound 

in the like fashion. Hydrolysis of organic tluorides is assisted by acid’ or by some metals; thus, benzyl fluoride 

readily hydrolyzes in the presence of metals. such as Al and especially Zr and Th.2 It is interesting to note that 

hydrolysis of benzyl fluoride is much more difficult than that of benzyl chloride in alkaline or neutral media, 

however under acidic conditions it is much faster. Due to environmental pollution problems, the 

photochemistry of organic halo substituted compounds has been intensively studied. The lowest energy 

transition of alkyl halides involve> promotion of an n electron located on the halogen atom to the o* 

antibonding molecular orbital. However, the high energy required for the n+o* transition makes alkyl 

fluorides photostable, except in vacuum UV.’ 

In most of the reductions with metals. C-F bond IS unreactive except when fluorine atom is adjacent to a 

double bond, to an aromatic ring. or to some other type of unsaturation.’ In such a case it may be replaced by 

hydrogen atom, if the reaction is carried out in protic solvents. Metal hydrides usually do not react with 

saturated fluorinated molecules. Only a few examples of replacement of fluorine are recorded in the literature.5 

In order to establish the photobehavior of henry1 tluoride derivatives in the presence of metal hydride, 

these were subjected to direct photolysis as well ax to photolysis in the presence of LiAlH4. 

Eight hours irradiation of (I.01 M THF solution of 1 .2-diphenyl-I-fluoroethane6 at h=253.7 nm resulted 

in 18% conversion to cis and trans stilbene, while only a slighl change in conversion and products distribution 

was observed, when irradiation was carried out in the presence of radical inhibitor 2,6-di-t-butyl-4- 

methylphenol, indicalmg that free radicals were not involved (Table). 

Before the reactivity ot. 1,2-diphenyl- I-tluoroethane (la) and LiAlH4 under photolytic conditions could 

be studied, the stability of la in the presence of LiAlH4 had to be established. Therefore, a THF solution of la 

was stirred in the presence of LiAIH, for eight hours and only 8% conversion of la to cis and vans stilbene 
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SCHEME I 

la X=Y=H 
lb X=F, Y=H 
lc X=H, Y=F 

0 H 
H 9 $ + + t 4-2H+2H-4J 

H 4, 
x 

H H 

6 7 8 

TABLE: Products dNmbutmn (relatm yields m %P) 

reaction condition@) 

$-CHF-CH,-4 

(I-CHF-CM,-@ + DBPC 

@-CHF-CH,-$ + LJAIH, 

(no irradiation) 

4-CHF-W-4 + UAIH, 

0 -CF,-CH,-0 

41-CF,-CH,-(I + Dwc 

6~ -cF,-CH,-(I + LIAIH, 

(no madiatmn) 

Q-CF,-CH,-@ + L!AIH, 

63 -CHF-CHF-43 

(!I-CHF-CHF-0 f LIAIH, 

(no irradiation) 

$ -CHF-CHF-(I + LiAIH, 

1 

82 

75 

92 

34 

92 

89 

100 

46 

99 

IO0 

42 

2 

82 

75 

92 

34 

19 

2 

3 4 5 6 

14 

18 

5 

23 

9 

21 

7 8 

4 

7 

3 

4 39 

15 10 

1 - 

30 5 

b) substrate 0 01 M; wlvent. THF, ume’ X hours: A=253 7 nm; DBPC: 2,6-di-t-butyl-4-methylphenol: 0.01 M; 

L.IAIH~ 0.02 M 
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was observed. However, when a THF solution of la and LiAIH4 was subjected to UV irradiation (h=253.7 

nm), a much higher conversion of la resulted and besides cis and trans stilbene 39% of 1,2-diphenylethane was 

formed.7 The USC of LiAlD4 instead of LiAlH4 led to the formation of 1,2-diphenyl-1-deuteroethane and 

1,2-diphenyl- 1,l -dideuteroethane, thus showing that hydride served as a hydrogen source. 

The results obtained strongly suggest that the reduction of the carbon-fluorine group occurred in the 

excited state of substrate by electron transfer from AlH4@ to fluorine atom, thus leading to reduction product 

1,2-diphenylethane. However, coordination between Lie as a hard acid and the excited state of 1,2-diphenyl-l- 

fluoroethane, followed by hydride attack, is also possible (Scheme 2). 

SCHEME 2 

q-::H-CH2--B 
F 

I-,,-CHZ-$‘] * hv ) 

g-CH,-CH,-$ + I.iF + AtHa 

Further, the influence of the second benzylic tluorine atom bonded on substrate reactivity is of interest 

and therefore, 1.1 -dilluoro- I ,2-diphenylethanex and 1.2-difluoro- 1 ,2-diphenylethane9 were synthesized. 

Irradiation of a THF solution of 1.1 -difluoro- 1.2.diphenylethane (lb) under the same conditions as in 

previous cases resulted in only 8% conversion into a mixture of cis and trans fluoro stilbene. While no 

reduction of C-F bond occurred. However, when irradiation was carried out in the presence of LiAIH4, a 

complex reaction mixture was obtained containing 46% of starting compound, 19% of 1-fluoro-1,2- 

diphenylethane, 1’3 of Y-fluorophenanthrene, 9% of trans stilbene, 15% of cis stilbene and 10% of 

1,2-diphenylethane. In the first step photoreduction of C-F bond by LiAlH4 must occurr giving the monofluoro 

derivative which can be further transformed either by photoelimination of HF to cis and trans stilbene, or to 

1,2-diphenylethane by photoreduction of another C - F bond with LiAlH4. Absence of cis and tmns 

fluorostilbene indicates that photoreduction of tluorostilbenes by LiAlH4 could also occurr. In the dark, 

1,l -ditluoro- 1,2-diphenylethane is stable in the presence of LiAlH4. 

Introduction of a second fluorine atom into the substrate increased its photostability, which was also the 

case when it was bonded to a vicinal benzylic position. Thus, eight hours irradiation of 1,2-difluoro-1,2- 

diphenylethane (lc) led to only 1% conversion (Table). Also, no reaction occurred between lc and LiAlH4 in 

the dark. On the other hand, irradiation of a THF solution of lc in the presence of LiAlH4 resulted in 58 % 

conversion and besides cis and tram stilbene a small amount of 1,2-diphenyl-1-fluoroethane and 
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1,2-diphenylethane was also formed, thus showing that photoelimination of hydrogen fluoride and 

photosubstitution of fluorine atom by hydrogen atom must be the competitive processes. 

On the basis of the results obtained, we can conclude that 1-fluoro- 1,2-diphenylethane, l,l-difluoro- 1,2- 

diphenylethane and 1,2-difluoro- 1,2-diphenylethane are relatively stable under 253.7 nm irradiation. In the 

presence of LiAIHd, photoelimination and photoreduction take place, resulting in cis and trans stilbene and 

l$diphenylethane formation. Photoreduction probably occurrs through electron transfer from AlHd@ ion to 

fluorine atom of the photoexcited molecule, followed by hydrogen atom transfer. 

References and Notes 

1 Gardner. (1. J. Am Chem. Sot. 1960, X2, 6104 

2 Clark, ILK.; Jones, M M. J 4m. Chem ,Foc. 1969, k/l, 3302 

3 tillbert, A.; Baggott. J Essenr&s q~Mo/ecular Phorochernrsrry, Blackwell Scientific Publications; Oxford, 1991; pp. 462. 

4 Hudlicky. M. Chemsrn o/ 0r.y~~~ Fluorine Compomis. 2nd Revised Edmon; Ellis Horwood Limited; Chichester, 1992; 

pp 188. 

5 Edgell, WI.. Parts. I. .I A~I Chrrn .So( 1955. 77, 7515. llauptschem, M., Saggiomo, A.J.; Stokes, C.S. J. Am. Chem. Sot. 

1956, 78, fi80. 

6 Weigert, I,.J J Or,q Chern. 1980. 45. 3376 

7 Typical experimental procedure 0.1 mmol ol substrate was dissolved m 0 ml of Tiff:, 0.2 mmol of LiAlH, (I ml of 0.2 M 

THF solution) was added and the reactmn mixture was nradlated wnh 6 RPR 253.7 nm lamps for eight hours. Tbe solution 

w’as then poured mto 5 ml 01 water to destroy an excess of LIAIH, and alummium was removed by complexation with 5 ml 

of saturated aqueous solution of potassium sodmm muate. After extraction with 20 ml of ether:pentane (3: l), the organic 

phase W’U dried over anhydrous Na,SO,. the solvent evaporated under reduced pressure and the crude reaction mixture 

analyzed by GC-MS 

8 Patrick, T.B.; Scheibel, J.! , IIJI, W L:.; l>ee, Y II J 0r.q Chem. lY80, 45, UY2 

9 Olah, G A.; Welch, J I’ ; Vankar. Y I)., Nolima. M , Kerekes,, 1. Olah, I.A. J. Org. Chem. 1979, 44, 3872 

(Received in UK 21 Julv 1995; revised 3 I August 19%: trccqted 1 September 1995) 


