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Scheme I1 
(1) 10 Me,SiCl 
(2) 3 LiTMP/ ether 
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The 'H NMR spectrum showed 6 to be the only aro- 
matic compound present in the reaction mixture after 10 
min.21 If the deprotonation of la occurs after its reaction 
with Me,SiCl to give the N-(trimethylsily1)pyridinium 
ion,22 the equilibrium constant for the formation of such 
a reaction product is, in contrast to analogous reactions 
with HFA, too small to allow its detection by 'H NMR. 
Only about 30% of the 2,6-disilylated product was formed 
after treatment with a 10-fold excess of LiTMP and a 
30-fold excess of Me3SiC1. This may reflect steric hin- 
drance, by the 2-trimethylsilyl group, to activation of 6 by 
silylation a t  nitrogen, or it may reflect the inductive 
electron-releasing power of the 2-trimethylsilyl substituent. 
The above-mentioned H-D exchange seen for pyridine (a 
similar exchange is seen for la)22 in the presence of LiTMP 
shows that activation of pyridines by complexation with 
the electrophilic Me3SiC1 is not necessary for lithiation to 
occur. It is not yet clear whether such complexation may 
accelerate the lithiation in the presence of Me3SiC1. 

Although, as mentioned earlier, 2,6-disubstituted pyri- 
dine 1-oxides have been prepared via 2,6-dilithiopyridine 
1-oxides with n-butyllithium as a lithiating agent, yields 
are low7z8 (Scheme 11). The direct lithiation of pyridine 
1-oxides 7a or 7b with n-butyllithium at -78 "C, for ex- 
ample, gives 10a (5%) or 10b (20%). When the in situ 
trapping method is used, however, with lithiation by 
LiTMP in the presence of HFA, the yields of these two 
products rise to 50% and 55%, respectively, with the re- 
mainder of the pyridine 1-oxides being converted to the 
monosubstituted products 9a and 9b. The conversion of 
the monoalkylated pyridine 9a to 10a can be effected in 
75% yield by using the same in situ lithiation procedures. 

(19) Queguiner et al.15 have very recently reported an in situ trapping 
using Me3SiC1 in the presence of lithium diisopropylamide in reaction 
with 2-bromopyridine. In their case the lithiation, leading to 2-bromo- 
3-(trimethylsilyl)pyridine, could reflect activation by the bromo sub- 
stituent as well as the pyridine functionality. 

(20) By 'H or 13C NMR, LiTMP appears to react rapidly at -78 OC 
with MesSiCl to give a complex. The rate of reaction of this basic species, 
or perhaps of the small amount of LiTMP in equilibrium with the com- 
plex b give lithiation of la is fast enough b compete with decomposition 
of the complex to give tetramethylpiperidine. 

(21) The addition of n-BuLi (in hexane) directly to tetramethyl- 
piperidine at 0 O C  gave, after 1 h at 25 OC, a slurry of LiTMP. First the 
Me,SiCl and then pyridine la was added to the slurry. In some cases the 
hexane was removed in vacuum and replaced by THF to give a concen- 
trated homogeneous solution of LiTMP. The destruction of LiTMP in 
a 1 M solution in THF by reaction with solvent has a half-life of ca. 30 
h at 25 "C. 

(22) Addition of la to LiTMP and N-deuteriotetramethylpiperidine 
in THF at -78 "C for 20 min gives 17% deuterium incorporation at the 
2,6-positions in the pyridine. 
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The N-oxide products are deoxygenated, in high yield, by 
heating them with triphenylphosphine. 

Complexation of Me3SiC1 or HFA to the oxygen of the 
2-substituted derivatives of 7, which is expected to be less 
hindered by a bulky 2-substituent than for complexation 
to the nitrogens of 5 and 6, may facilitate the 6-lithiation. 

The use of Me,SiCl as the in situ trap, in a lithiation 
carried out in ether a t  25 "C, results in 99% conversion 
of 7a to 8a. The trimethylsilyl groups introduced into the 
pyridine or pyridine 1-oxide nucleus by these in situ 
trapping procedures are easily replaced by ipso electro- 
philic substitution with a variety of electrophiles. This 
makes these methods adaptable to the synthesis of many 
substituted pyridines. 

Acknowledgment. This research was supported in part 
by a grant from the National Science Foundation (NSF 
CHE 81-13142). The NMR spectra were provided by the 
University of Illinois Midwest NSF Regional NMR Facility 
(CHE 79-16100). Mass spectra were obtained from fa- 
cilities provided under grants from the National Institutes 
of Health (CA 11388 and GM 16864). 

Supplementary Material Available: Analytical and spec- 
troscopic data for 4a, 5a, 6,8a, 9, and 10 plus the experimental 
procedure for the preparation of 5a (3 pages). Ordering infor- 
mation is given on any current masthead page. 

Stephen L. Taylor, David Y. Lee, J. C .  Martin* 
Department of Chemistry 
Roger Adams Laboratory 

University of Illinois, Urbana, Illinois 61801 
Received June 10, 1983 

Fluorodecarboxylation with Xenon Difluoride 

Summary: The reaction between xenon difluoride and 
aliphatic carboxylic acids causes decarboxylation with 
replacement of the carboxyl group by fluorine. 

Sir: Replacement of the carboxyl function with halogen 
(halodecarboxylation) in the Hunsdiecker and Kochi re- 
actions comprises an extremely useful selective procedure 
for the synthesis of halogenated organic substances. 
However, halodecarboxylation is limited specifically in that 
the halogen cannot be fluorine.' 

In our research on the selective introduction of fluorine 
into organic mo1ecules2a,g we have discovered a novel 
fluorodecarboxylation method based on the reaction of 
carboxylic acids with xenon difluoride in the presence of 
hydrogen f l ~ o r i d e . ~  This reaction, shown in eq 1, is the 

XeF,,HF 
RF 

CHZCI,, 20 'C 
RCOOH 

first report on the selective replacement of a carboxyl 
function with a fluorine atom. Yields of fluorinated 
products are good (54-84%), as shown in Table I. 

(1) (a) Wilson, C. V. Org. React. 1957,9, 332. (b) Kochi, J. K. J.  Am. 
Chem. SOC. 1965,87, 2500. 

(2) (a) Patrick, T. B.; Scheibel, J. J.; Cantrell, G. L. J. Org. Chem. 1981, 
46, 3917. (b) Patrick, T. B.; Scheibel, J. J.; Hall, W. E.; Lee, Y. H. Ibid. 
1980, 46, 4492. (c) Patrick, T. B.; Cantrell, G. L.; Chang, C. Y. J. Am. 
Chen. SOC. 1979,101,7434. (d) Patrick, T. B.; Le Faivre, M. H.; Koertge, 
T. E. J. Org. Chem. 1974, 39, 1758. (e) Patrick, T. B.; Hayward, E. C. 
Ibid. 1974,39,2120. (0 Patrick, T. B.; Schield, J. A.; Kirchner, D. G. Ibid. 
1974, 39, 1758. (g) Patrick, T. B.; Cantrell, G. L.; Inga, S. M. Ibid. 1980, 
45. 1409. --. 

(3) For a review on xenon difluoride in organic chemistry see: Filler, 
R. Isr. J. Chem. 1978, 17, 71. 
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Table I. Yields and Properties of Fluorinated Compounds  

% MS: 
acid product  a yield I9F NMRC 'H  NMRd m/e 

Ph CH, COOH 

Ph( CH,),COOH 

Ph(CH,),COOH 

Ph,CCOOH 
PhOCH,COOH 

2,4-C12PhOCH,COOH 

CH,(CH,),,COOH 

CH,(CH,),COOH 

PhCH( CH,COOH), 

PhCH,CH(CO,H), 

PhCH,F 

PhCH,CH,F 

PhCH,CH,CH,F* 

Ph3CF 
PhOCH,F* 

2,4-C1,PhOCH2F* 

CH3(CH2 1 1  dF* 

CH3(CH2)8F* 

PhCH(CH,F),* 

PhCH,CHF, 

7 6  

7 6  

6 0  

6 5  
64 

8 4  

62  

54 

60  

6 8  

-207.0 (t, ' J H F  = 48.4)  

-215.3 (2  t, ' J H F  = 

-220.2 ( 2  t, ' J H F  = 

-126.1 (s) 

47.0, 'JHF = 22.3) 

47.0,  3 J ~ ~  = 25.0) 

-148.7 ( t i  ' J H F  = 
53.7) 

-149.8 (t,  'JHF = 53.7)  

-218.3 (septet ,  ' J H F  = 

-218.2 (septet ,  ' J H F  = 
47.0, ,JHF = 24.0)  

46.4,  'JHF = 23.1) 
-225.4 (d ,  t, 'JHF = 

49.4, 'JHF = 20.8)  
-115.1 ( t ,  d ,  'JHF = 

56.2, ' J H F  = 17.1)  

4.25 (d ,  CH,), 
7.15 (Ph)  

2.8 ( d ,  t ) ,  4.4 
( d ,  t ) ,  7 .13 (Ph)  

7 .13 (Ph)  
1-3 (cH,, m) ,  

7 .21  (Ph)  
5.1 ( d ,  CH,), 

7.15 ( P h )  
5.7 (d ,  CH,), 

7 .15  (Ph)  
l .2 -25  (m, CH,), 

5.5 (m, CH,) 
1 .6  ( m ) ,  5.5 

( d ,  t ,  J = 50) 
2.4-3 (m, CH,), 

6.9-7.4 ( m ,  Ph)  
3.2 (CH,,  m) ,  5.5 

(d) ,  7.2 (Ph)  

1 1 0  

1 2 4  

138 

262  
126 

1 9 5  

236  

1 4 6  

1 5 6  

1 4 2  

New compounds are marked with a n  asterisk and  gave satisfactory C, H, and  F analyses. Other  compounds have been 
reported b y :  Weigert, F. J. J. Org. Chem. 1980,  45, 3476.  Chemical shifts  are 
reported with respect to external CFCl, (q~ 0.0 ppm).  Multiplicates are given in parentheses along with coupling constants 
in her tz .  Shifts are reported relative t o  Me,& (6  0.0). e 80 eV. Values are identical with calculated values. 

Isolated yields based o n  starting acid. 

Various primary, secondary, and tertiary aliphatic acids 
undergo successful fluorodecarboxylation. The structures 
may contain aryl, aryloxy, and ketonic functions without 
reaction difficulty; however, compounds containing hy- 
droxyl groups, such as cholic acid, give complex mixtures. 
We have also noted that cyclohexanecarboxylic acid does 
not undergo fluorodecarboxylation successfully. Also, 
benzoic acid does not decarboxylate but instead gives 
benzoyl fluoride in low yielda4 

The mechanism of the reaction is as yet unclear. Xenon 
difluoride is known to react with both aromatic rings and 
oxyacids. The reaction here is selective for the carboxyl 
function and thus suggests that the formation of a xenon 
ester is involved, Xe(OCOR)2 DesMarteau has shown that 
xenon esters of oxyacids may be formed, but they have 
only limited stability with electronegative acids. Thus 
xenon trifluoroacetate fluoride, XeF(OCOCF,), decom- 
poses above 20 "C to produce carbon dioxide and C2F6.5 

Formation of the dimer, CzF6, indicates a radical 
breakdown of the ester and could indicate the manner in 
which our reaction proceeds as shown in eq 2. 

RCOOH + XeF, - (RCOJXeF - RC02. - R- (2) 

We have attempted unsuccessfully to trap the xenon 
ester from phenylacetic acid with triphenylethene, but we 
obtained only difluorotriphenylethane and benzyl fluoride. 
Furthermore, levulinic acid gave only 4-fluoro-2-butanone, 
and reaction at the ketone was not observed. Halo esters 
of levulinic acid are known to form cyclic lactones through 

(4) The reaction of benzoic acid with xenon difluoride in trifluoroacetic 
acid is reported to yield trifluoromethyl benzoate: Zupan, M. Zesz. Nauk. 
Politech Krakow., Chem. 1976,30,305. Shustov, L. D.; Telkovskaya, T. 
D.; and Nikolendo, L.N., Zh. Org. Khim. 1975, 11, 2137; Chem. Abstr. 
1976,84, 30028s. 

(5) Eisenberg, M.; DesMarteau, D. D. Znorg. Nucl. Chem. Lett. 1970, 
6,  29. DesMarteau, D. D.; LeBlond, R. D.; Hassain, S. F.; Nothe, D. J. 
Am. Chem. SOC. 1981, 103, 7734. 

reaction at  the ketone carbonyl group.6 
A typical procedure for fluorodecarboxylation with xe- 

non difluoride is as follows. To a solution of hydro- 
cinnamic acid (150 mg, 1 mmol) in 15 mL of methylene 
chloride contained in a polyethylene bottle is added xenon 
difluoride (170 mg, 1 "01). Hydrogen fluoride is bubbled 
slowly into the solution for 60-100 s. The solution is stirred 
at  22 "C for 10-12 h. The resulting yellow mixture is 
washed with dilute sodium bicarbonate solution. The 
organic layer is dried and concentrated to yield pure 1- 
fluoro-2-phenylethane (76%). 

Xenon difluoride offers a convenient method for the 
preparation of fluoroalkanes in a manner analogous to the 
Hunsdiecker reaction and thus is an attractive alternative 
to methods which require the use of SeF4,7 DAST? or KF.9 
Our studies on the synthetic scope and mechanism of 
fluorodecarboxylation with xenon difluoride are continu- 
ing. 

(6) Newman, M. S.; Courdavelis, C. J. Am. Chem. SOC. 1964,86, 2942. 
(7) Olah, G.; Nojimo, M.; Kerekes, I. Synthesis 1973, 786. 
(8) Middleton, W., J. Org. Chem. 1975, 40, 574. 
(9) (a) Bergmann, E. D.; Shahak, I. Chem. Ind. (London) 1958, 157. 

(b) Depuy, C. H.; Bishop, C. A. J. Am. Chem. SOC. 1960, 82, 2532. (c) 
Pattison, F. L. M.; Millington, J. E. Can. J.  Chem. 1956, 34, 757. 

(10) (a) Southern Illinois University at Edwardsville. (b) Mallinck- 
rodt. Inc. 
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