
Tetrahedron Letters,Vol.23,No.ll,pp 1165-1168,1982 0040-4039/82/111165-04$03.00/O 

Printed in Great Britain 01982 Pergamon Press Ltd. 

(Y-FLUORINATION OF KETONES BY XENON AND IODOBENZENJX DIFLUORIDES: 

A STEREOCHEMICAL EVIDENCE DEMONSTRATING THEIR MECHANISTIC DIFFERENCES 

Tadahiko Tsushima,* Kenji Kawada, and Teruji Tsuji 

Shionogi Research Laboratories, Shionogi & Co., Ltd. Fukushima-ku, Osaka, 553 Japan 

Summary: Xenon difluoride reacts smoothly with various steroid silyl enol ethers in 

the absence of any acid catalyst to afford stereoselectively o-oriented o-fluoro- 

ketones in good yields while iodotoluene difluoride reacts rather sluggishly with 

these silyl enol ethers to competitively produce p-oriented o-fluoro ketones, 

elimination and other nucleophilic substitution products. The observed stereo- 

chemical contrast clearly suggests an electrophilic and nucleophilic mechanism 

for these reactions, respectively. 

In order to extend our recent study1 on a-fluorination of ketones and also to develop a 

new convenient synthetic reagent for the reaction, we were interested in examining the re- 

activities and mechanistic features of various difluoride fluorinating agents, in particular, 

xenon (XeF2) and iodobenzene difluorides (IBDF) as tamed molecular fluorine analogues with 

enol derivatives. These reagents have been known to react, as mild fluorinating agents, with 

electron-rich olefins 
2,3 

in the presence of certain catalysts 
4 

but have not been used for a 

long time for the synthesis of or-fluoro ketones, unlike the extensively employed perchloryl 

fluoride5 and fluoroxy compounds. 
6 

Recently, Kagan et al. 
7 

and Zupan et al. 
8 

successfully 

used xenon hexafluoride intercarlate (C19XeF6) and xenon difluoride, respectively, for this 

purpose. +,,,,,, the flr,nrinD+inn rnPFh.“iCrn nC +hnc,a rnloc.“tc L~I”L~..“-LV.. .,,~...LU..LY... “L _L.L”C m.znnri .I 1-r tl.e 1 .a++nr LLY~._..~‘, CYyccI’LAA, LUCCCL, 

remains to be established, as stereochemistries of the reactions are not known and RF catalyst 

is used. In addition, to our knowledge, IBDF has not been used for the u-fluorination of 

ketones. 

In order to clearly define the stereochemistries of the reactions' with xenon and iodo- 

benzene difluorides, steroid silyl enol ethers (I-TMS-f?-TMS)lD derived from 178-hydroxy-5o- 

androstan-3-one acetate (L), 5-pregnen-3,11,20-trione 3,20-bisethylene ketal (2_) 38-hydroxy- 

5o-spirostan-12-one acetate (s), and 3S-hydroxy-5-androsten-17-one acetate (s), were chosen as 

substrates (see part structures). 

On treatment'l with XeF2 without catalyst, compounds I-TMS-f?-TMS were stereoselectively 

converted into sterically less hindered o-oriented o-fluoro ketones in isolation yields of 60 

to 75% (see Table I). These reactions were facile and completed in a few hours at room tem- 

perature. The results summarized are: (1) Radical involvement at any stage of the reaction 

appeared unlikely as neither the rates nor the nature of the products were affected by the 
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radical scavenger oxygen. 6a (2) All the fluoro ketones obtained in high yields had similar 

stereochemistries and locations of fluorine as those in the preceding reactions 5'6 with CF OF 
12 3 

and FC103. (3) Control experiments clearly showed that these fluoro ketones were kinet- 

ically controlled primary products and not thermodynamically controlled secondary products. 

(4) The silyl enol ethers studied (i-TM%-f?-TMS), which required no catalyst for the reaction, 

appeared to be more reactive than the corresponding enol acetates. 
8 

Next, three (p)-substituted iodobenzene difluorides (2 = CH3, H, Cl) were prepared by 

known methods 
14 

and their reactivities were examined in reactions with A-TMS. (p)-Iodotoluene 

difluoride (Z = CH3: ITDF) produced the highest yield, 37.5x, of fluorination products, & and 

Ib, although this yield was not satisfactory (see Table 1). As the lgF nmr measurement of the 

crude products showed that the fluorination yield decreased notably with increasing electro- 

negativity of the substituent in the benzene ring (in sequence, CH3 > H > Cl), ITDF was used 

as a fluorinating agent. The compounds (I-TMS-i-TMS) treated with ITDF 
11 

gave the various 

oxidation products summarized in Table I. The significant results were: (1) Unlike the 

reaction with XeF 
2' 

the reactions with I-TMS and G-TMS preferably produced p-oriented cr-fluoro 

ketones, l& and $&. A control experiment unambiguously demonstrated that f?l? was a kinetically 

controlled primary product and not a secondary product derived from the thermodynamically less 

stable ketone, 4a_. 
14 

In addition, since l& was found to be thermodynamically less stable than 

Ia, it was obviously considered to be a kinetically controlled product. l5 (2) The reaction 

became very sluggish at sterically hindered tertiary centers and elimination and/or hydro- 

xylation 
16 . 

displaced fluorination. (3) Like the reaction with XeF2, oxygen did not affect 

the reaction. 

These results clearly demonstrated that the two fluorination reactions proceeded by dif- 

ferent mechanisms. Thus, we propose an electrophilic fluorination mechanism for the reaction 

with XeF2 and a mechanism involving an iodonium ion intermediate 
3 

and its subsequent SN2 

nucleophilic substitution or B-proton elimination by either fluoride or hydroxide anion for 

the reaction with IBDF. 

Comparison of the two proposed mechanisms for the reactions with XeF2 and ITDF (see the 

reaction sequences in equations l_ and 2) shows that XeF2 is a source for electrophilic 

fluorine in equation 1 and ITDF that for a nucleophilic fluorine in equation 2. Also, in the 

reaction with ITDF the subsequent nucleophilic attack of the fluoride anion on the inter- 

mediate occurs in S 
N 
2 manner with inversion of configuration. In these schemes, the reagents 

are suggested to be more favorably approach the double bond from the less hindered side accord- 

ing to the stereochemistries of the products obtained. Given the sophisticated stereochemical 

explanation described by House 
17 

for halogenation of steroid enol derivatives, the mechanism 

presented here can rationally account for all the experimental results obtained, although 

other mechanistic possibilities 
18 

still remain. 

In conclusion, XeF2 was found to be a very useful and convenient electrophilic fluorinat- 

ing agent for the synthesis of o-fluoro ketones. Also, the one-step nucleophilic fluorination 

of enol derivatives with ITDF is new and is expected to produce stereoisomeric cr-fluoro ketones 

of physiological importance, as exemplified by the reaction with +TMS. 
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I a:X=2a-F 2 a:9a-F 3 a:lla-F 4 a:l6a-F 
b: X=28-F b : 98-F b:IIB-F b:l6@-F 
c:X=Al(21 c:Ag(ll) 

Table I. Products5 and Stereochemistries of Reactions with XeF2 and ITDF 

product yield mpd selectivity product yield mpd selectivity 

compound (XeF2) isol. (%) ("Cl (o/S)' (ITDF) (%I ("C) (o/B)' 

I-TMS & + 76A(N2) 190-194 4/l k + lb'! 37.5 4/6 

$ + lc 17.0 

2-TMS 2a 71.6(N2) 185-186 no 2& no reaction 

77.2(02) (2-TMS recovered) 

3-TMS 3a 58.9(N2) -305(dec) no 2 c 67.5 219-221 

4-TMS ti + 64.2(N2) 204-205e 9/l 4+ 22.5 

4b 68.8(02) 4b 22.5 162-164 no 4a 

a The details of structural elucidation will be reported in the full paper. lsF nmr data 

of these products were: &: 6 (int. CsFs) -32.2 (dm, J 47.0); E: -21.2 (m, J 47.0); 2a_: -15.1 

(m); 3a_: -26.0 (dd, J 47.0); &: -23.0 (dt, J 48.9); $& (q, J 50.8). b Compounds 2 could not 

be isolated. c The selectivities were determined with crude reaction products. d Melting 

points are uncorrected. e Mp Iit. 205 0C: see Nakanishi, S.; Jensen, E. V. J. w. Chem. 

m, 27, 702. 
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