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Abstract: N-Fluoropyridinium salts were found to react with Wittig reagents containing electron- 
withdrawing groups to give o&ins in 47-836 yield. The mechanism of this conversion is believed 
to involve single+electron &a&u from Wittig reagent to N-fluoropyridinium cation. 

Chemistry of N-fluoropyridinium salts (NFS) has received considerable attention in the last 

decadc.‘*2*3 A number of publications have indicated the value of these substrates for the efficient elcctrophilic 

fluorination of organic compounds,2*4*56 for the synthesis of 2-substituted pyridines,t*7*8*9 and depmtection 

of dithioacetals and ketals.” A variety of reaction pathways have been introduced to account for interactions 

of NFS with nucleophiles. Selected examples of these pathways are X-philic attack,‘** cine-(tele)-AE,- 

substitution,1*7 carhene formation,8*9*“*12 and single-electron transfer(SE’I’) mechanism.1*2”0*13*‘4 It has 

been concluded’ that the outcome of the reaction of NFS with nucleophiles depends on the nature of the 

nucleophile used. 
In the course of our studies of NFS, we investigated the reaction of easily available salts la-c” with 

Wittlg reagents containing electron-withdrawing substituents16 (EWG) in THF containing traces of water 

(Table, entries 1- 1 l), or dry THF (Table, entries 13-15). The results of these studies are summarized below.” 

R ih$ THF/ H$3 R 

+ 
R 

2 _(EWG -3oOC-r.t., 4 h% 
R’po + R’aP 

F X- 21-j 3a-I HX 

lo: R = H, X = BF4 4a:R=H !Sa: R’= n-Bu 6a: R’= n-Bu 
lb:R=H.X=OTi 4b:R=Me 6b: R’= Ph 6b: R’= Ph 
lc:R=Me.X=OTf 

1 Entw 1 NFP 6alt 11 WittigReanent 2 I obfin. s= . . _ _ v 

1 c *:I+-RBU.EWQ-COW 
2 . b:R’=Ph,EWG=COOEt 

a: EWG - COOI (45%) 

3 b b: R’ = Ph. EWG = CCOEt 
.: EWG = COOEt (51%) 

4 b: R’ = Ph. EWG = COOEt 
.: EWG = COOEt (5%) 

c 
5 l o: R’ = Ph. EWG = COPh 

.: EWG = COOEt (70%) 
b:EWG-COPbEO%l 

6 b c:Ft’=Ph.EWG-CCPh b: EWG = COPh (61%j 
7 c c:R’=Ph.EWG=COPh b:EWG=COPh(83%) 

8 E d: R’ = Ph. EWG = COC4H,-pOMe C: EWG = W-C&-p.okk (81%) 

9 c .: R’ = Ph. EWQ - CiCbC4H4-~ d; Ewa = CC-C&l,-@r (73%) 

10 0 f: R’ = Ph. EWG = CO-C&l&-l’Q .: EWG =cOc&i,-@I@ (71%) 

11 b 6: R’ = Ph. EWG = COCHs 1: EWG = COCHs (44%) 

12 0 6:R’=Ph,EWG=C03+ 1: EWG = COCY (56%) 

13 0 h:R’mPh.EWGrPh 
6:EwG=Ph(l7%p 

14 G I: R’ - Ph. EWG - -C&-em 
tx6WG = +M4-dq (4796) 
I:Ev@.-c~4-pa&(s5%) 
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In all the cases, only trczns - olcfins 3a-i went formed. No traces of cis - isomers were detected by CC MS 

analysis. All the oleflns were easily isolated from the reaction mixtures.” The structums of products 3a-i were 

confirmed by ‘I-I NMR, 13C NMR, and mass spectroscopy. For solid compounds, melting points wem 

compared with literature data.‘* 

Both the nature of NFS , and the nature of Wittig reagent were found to significantly affect the outcome 

and the yield of the reaction. 16*t9 2,4,6-Trimethyl-N-fluoropyridinium triflate (lc) was found to furnish the best 

yields of oletins (Table), whereas reactions with NFS la,b gave less satisfactory yields of 3a,b,f. We believe 

that the reason for this is that the interactions of unsubstitutcd NFS la,b with Wittig reagents 2a-j can initiate 

chain side reactions including: i, nucleophilic attack of pytidinium ring by Wittig reagents’ or by phosphines 

6a,b,” and ii, formation of carbene intermediate.11*12 Indeed, CC MS analysis of the reaction mixtures of ls,b 

with 2a revealed p”sence. (S-896. octane as internal standard) of 2-fluoropyridine, which may result from the 

Wittig reagent induced proton abstraction and formation of a higly reactive carbene intgmediate.11’16 Wittig 

reagents derlved from triphenylphosphine (enuies 2- 12, Table) provided better ylekls of olefins than 

corresponding Wittig reagents derived from tri-n-butylphosphine (entry 1, Table).The best yields of olefins 

were achieved in TIIF as a solvent Traces of water (0.5 1 wt 96) were found m increase the yields of 3a-f by ca. 

57%. Reactions conducted in acetonitrlle and methylene chloride pmduced tarry products. and significantly 

lowered the yields of olefins 3a-i. Electron scavengers (nitmbenzene, 2.4.6trl-fert-butylphenol) did not affect 

significantly the yield of the olefins.tO 
The mechanism proposed for the reaction of NFS la-c with Wittig magents 2a-j includes initial single- 

electron transfer (SET)” from the Witdg reagent to N-fluoropyrldinium cation (Scheme) which results in the 

formation of hcterocyclic radical 7 and cation radical 8. 

n I’ + Pll3Po* 
Hz0 

r?+ 5 
-HF 

H OTf 
4 

FEWG 

EWG T 
3 6 

Existence of these reactive species is well documented. 21033J4 Dimerization of cation radical 8 can lead to the 

intermediate formation of dication 9,“**l which is unstable under the reaction conditions.?2 Fluoride-anion 

attacks the positively charged phosphorus atom to produce anion 10. Elimination of PPhs from 10 provides the 

observed olefins 3. Exclusive formation of Pans-isomers can be explained from the geometry of the 

intermediate 9. To minimize the steric repulsion, two bulky positively charged triphenylphosphonium groups 

in 9 must occupy the tiatr.r -position (Scheme). Free rotation around C-C bond in 9 is, for this reason, 

problematic, which leads to exclusive formation of cotlformer indicated in the Scheme. Nucleo~hilic attack of 
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the phosphorus atom by the fluoride-anion followed by the elimination of PhaPPz generates anion 10. 

Truns-orientation of the anionic center relatively to the leaving group (PPh3) is appropriate for the elimination 

reaction= and formation of rr~-olefin 3. Hydrolysis of Ph3PF2 leads qo Ph#O (5). HP produced in the 

hydrolysis step is trapped by pyridine base, which acts as an acid &avenge& let$iig to 4, the other observed 

product.These mechani&c proposals were sup&orted by the observation &t the yields of olefiis 3 can be 

further increased (ca 5%) by addition of the catalytic amount of Bu4+F. It was suggested that fluoride anion 

of the catalyst facilitates genmtion of the intenuediate anion 10. 
It has been demonstrated that, apart from the more obvious function as tkmrinating agents, 

Wfluoropyridinium salts can be used for an array of processes leading eventually to fluorine flee organic 

compounds.‘*” Synthesis of olefins based on the reactions of NFS with Wiittig reagents described in this paper 

is a good example of a ‘~legitimate”” use of fluorine in organic chemistry. 
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isPtl3 THW H@ 

+ 2 _(cOPh - 30°C - r.t.. 4 hrs -+COPh + , + 
PhUC A Ph&sO + Ph$s 

N, 
i OTf- 2L 3b (7’2%) ti- OTf Se BC 

lc 4b 

Salt lc (1 eq) was also ahowed to react with a mixture of lcq of 2c and leq of 2d. Remadcabl~ besides 
svmmetrical olefinr 3b (24%) and 3c (31%), nonsymmetrical olefin 31. EWG’ = CGPh, BWG = 
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