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-- Treatment of one equivalent eachof peufanuompyrid@e (6) and n-butyllilhium with two 

equivalents of IithioarylacetodViles (3) gave a-aryl4n-butyl-3,5.6~uom-2-pyridylacetle(9) w good 

yields (83.85%). Similar treatment of equivalent amouots of 6. 3, and methyllithium gave a-aryl-23.5.6- 

tehafluom4pyridylacetonioiles (1 1) also in good yields n9-87%) The introduction of the n-butyl and a- 

arylacetonivile groups most likely anse through nucleophilic aromatic substih~tion pathways. 

We' showed recently that 2.3.5.6-tehachlodpyridyllilhim (2). prepared by treating pentachlompyridine (1) with n- 

butyllithim, reacts with a-lithioarylacetonioiles (3) in THF providmg mixhres wul;lining m a d y  a-aryl-23.5.6 

tetrachloro-4pyridylacetonihiles(4) and a-aryl-3.5.6eichlonr2-pyridylacetonihiles ( 5 )  plus minor quantities of a - q l -  

3.4.5.6-tetrachlm-2 and a-ql-2.45.6-tetrachlm-3-pyridylacetonitril f i e  pmduct ratios of 4 to 5 varied from those 

heavdy in favor of 4 through those containing approximate equal amounts of 4 and 5 to those heavily in favor of 5. 

Subsequently. wei found that ether slurries of one eqmv. of a-lilhioarylacetonimles (3) when added to ether solutions of one 

eqmvalent of23.5,6-te~hlmo4pyridyllithium (2) at -70 OC give clear, red solutions upon warming to -20 OC.  Further 

warming of the reaction mixhre lo mom temperahre produces bright scarlet preciptares, which upon proton quench pmvide 

a-aryl-235,6-tehachlom4pyridylaceIoni~es (4) in excellent yields (98.80%). A mechanism was proposed in which the 

key step involves a lilhium-chlorine exchange between 2 and a-lithio-a-chlmoarylacetonihiles. Wehaveextended these 

perhalopyridine studies to the reaction of pen!akluompyridine (6) with a-lithoarylacetonimles (3) using n-butyllithium and 

methyllithim, respectively. and report the results herein. 

Treatment of equimolar amounts of penfanuompyridiue (6) and n-hutyllilhium at - 70 'C followed by an equimolar amount 

of a variety of a-lilhioarylacetonitriles (3) in ether gave a - a r y l 4 n - b u t y l 3 , 5 , 6 - M u o m - 2 - p y r i d y l ~ l e  (9) in fair yields 

(40.50%). However by using two equimolar quantities of 3 per equimolar amounts of 6 aod n-butyllithium the yields of 9 

were dramatically increased to 83.85%. (eq. 1). The substitution of the 4- and 2-fluorine atoms by o-butyl and cyanomethyl 
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groups. respectively, most likely occur stepwise with n-butylation occurring first at the 4postion. since 6 bas been shown to 

undergo preferential 4-substiutim by n-butyllithium? The mechanism for each step most Likely proceeds h g h  the usual 

nudeophilic ammatic substitution pathway since lithium-fluarine exchange between 6 and 3 is unlikely. This mechanism also 

is supported by the fact that two moles of 3 are required for high yields of 9; the extra mole of 3 being consumed in the a- 

deprotonation of 9. 

On the other hand, similar U'eatment of equimolar quantitites of 6 and methyllithium, with 3 gave only a-aryl4n-buly- 

2 3  5.6-IenafluoreZ-pyddylacetonitrile (1 1) in very good yields ranging from 79 to 87% (eq. 2). Under these conditions. 

subshtution of the 4-fluorine atom in 6 by the a-lithioarylacetonihile(3) occurs exclusively; the methyllithium simply 

serves to demotonate 1 1 to 10. 

Although 6 reacts with methyllithium under similar temperature conditions?' we failed todetect methylated products. In fact. 

in our hands, the reaction of 6 with methyllithium using that reported method gave only small amounts of 4methylpefiuom- 

pyridine (4%)andrecovered6 (85%). Nonetheless, methyllithium serves as a more convenient and less expensive base for 

the deprotonation of 1 1 than a second equivalent of more expensive a-lithiated nitriles (3). since the former is converted to a 

significantly less volatile material (methane) enabling the ready isolation of desired nitrile products (1 1). 

EXPERIMENTAI 

General Data. All preparations were done under an atmosphne of dry Oz freeN2 contained in a balloon possessing a needle 

pro(mdiug through a ~ b b e r  septum attached to one of the reaction flask necks. All reagents were obtained from Aldrich and 

were distilled or recrystallized prior to use. The glassware was heated at 125 "C in an oven overnight prior to use. The 

elemental analyses were carried out by the Elemental Analysis Group at Southern Methodist University. 'H Nmrspetra were 
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obtained on a 200 MHz speclrometer using tetrametylsilane as reference and ir spectra wae determined on a FT infrared 

specIxophotometer. 

General Procedure for the Preparation of a-Aryl-4-n-butyl-3,5,6-tetrafluoro-2-pyridylaeetonitrile (9) 

and a-Aryl-2,3,5,6-tetrafluoro-4-pyridylacetoitrie (11). Toamled(-70°C) solution containing 10 mmol 

(2.21 g) of 23.4.5.6-penduompyridine (6) in 50 ml of ether was added a cooled solution (-70 " C) of n-BuLi (4 ml. 2.5 M in 

hexanes, 11 mmol) or methyllithium (7.1 ml of a 1.4 M solution in ether), and the resulting solution was stirred for 2 hat 

-70 "C. In a separate flask, 11 mmol of the a-IitbioarylacetoniIriIe (3) was prepared by the dropwise addition of to a 

solution containing I I mmol of the arylacetoniuile in 40 ml of ether at -70 OC. The resulting slurry was cannulated into a 

solution containing 6 ,  which was allowed to warm to mom temperahue. During that time the slurry dissolved to give a bright 

yellow-scarlet solution, which was stirred overnight. The mctioomixhm was quenched with saturated aqueous NH&I (25 ml) 

and extracted hie with 25 ml portions of CHFI2. The combmedorganic extrace were combined anddried (NazS04). the 

solvent removed (mtatny evaporator), and the residue eluted on 600 mesh silica gel (19: 1, hexane:acetme) to give 9 or 1 1 

when n-butyl- or methylllthtum was used. The mp, 'H nmr, and elemental analyses of products an shown below. 

a-Pbenyl-4-n-hutyl-3,5,6-tetrafluoro-2-pyridylacetonitrile (9a): Viscous oil; 'H nmr (CDCI,) 6 0.92 (1, J =  

7.0 Hz, 3 H), 1.35 (m, 2 H), 1.59 (m, 2 H), 2.72 (1, J =  7.0 Hz, 2 H), 5.40 (s, I H), 7.33-7.44 (m, 5 H). Anal Calcdfor 

C,,H,,N,F,: C, 67.10; H, 4.97: N, 9.21. Found: C, 67.17; H, 5.03, N, 9.29. 

a-(3-Methoxyphenyl)-4-n-butyl-3,5,6-tetrafluoro-2-pyridylaetonitrile (9b): Viscous oil; ' H nmr (CDCI,) 

60.92(t,J=7.0Hz,3H), 1.35(m,2H),1.59(m,2H),2.72(t,J=7.0Hz,2H),3.80(s,3H), 5.36(s,lH),6.89-7.30 

(m, 4 H )  Aoal. Calcd forC,,H,,N20F,: C, 67.91; H, 5.38: N, 8.80 Found: C, 67.79, H, 5.45, N, 8.89. 

a-(4-Methoxyphenyl)-4-n-butyl-3,5,6-tetrafluoro-2-pyridylaeetonitrile (9e): Viscous oil; 'Hnmr(CDCI,) 6 

0.92(t,J=7.0H~3H),135(m,2H),1.59(m,2H),2.72(t,J=7.0Hz,2H),3.80(s,3H), 5.34(s,lH),6.87(d.J= 

65Hz,2H),7.36(J= 6.5Hz,ZH).Anal. CalcdforC,,H,,N20F,: C,67.91;H,5.38,N.8.80. Found: C.67.86.H.5.35, 

N, 8.76. 

a-(l-Napbthyl)-4-n-butyl-3,5,6-tetrafluoro-2pyridylacetonitrile (9d): Viscous oil; 'H nmr(CDCI,) 6 0.92 (1, 

J=7.0Hz,3H),1.35(m,2H),1.59(m,2H),2.72(t,J=7.0Hz,2H),6.W(s,1H),7.49-8.16(m,7H).Anal. Calcd 

farC,,H,,N,F,: C, 79.22; H. 5.42: N, 8.85. Found: C. 79.28; H. 5.42; N, 8.93 

a-(2-Thienyl) -4-n-butyl-3,5,6-tetrafluoro-2-pyridylaeetonitrile (9e): Viscous oil;' H nmr (CDCI,) 6 0.92 (I. 

J=7.0Hz.3H),1.35(m,2H),1.59(m,2H),2.72(1,J=7.0Hz,2H),5~(s,1H),6.96-7.30(m,3H).Aoal. Calcd 

forC,,H,,N,F,S: C, 58.05; H, 4.22: N.9.03. Found: C, 58.12: H.4.18; N, 9.10. 

a - ( 3 - M e t h y l p h e n y l ) - 4 - n - b u t y l - 3 , 5 , 6 - t e t r ~ e t o n i t r l e  (91): V i s w  oil; 'H nmr (CDCI,) 6 
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0.92(1,J=7.0Hz,3H),1.35(m.2H),  1 . 5 9 ( m , 2 H ) , 2 . 3 5 ( ~ , 3 H ) , 2 . 7 2 ( t , J = 7 . O H z , 2 H ) , 5 . ~ ( ~ ,  IH),7.12-7.42 

(m,4H). Anal. CalcdforC,,H,,N,F,: C, 67.91; H, 5.38; N, 8.80. Found: C, 68.01; H, 5.44, N. 8.85. 

u-Phenyl-2,3,5,6-tetrnfIuoro-4-pyridylaeetonitri1e ( l la) :  colorless sol~d, mp 90-91 "C (EtOH/H,O), ' H a  

(CDCI,) 6 5.58(s, 1 H), 7.42 (m, 5 H). Anal. Calcdfor C,,H&Fi C, 58.66, H, 2.27; N. 10.52, Found: C, 58.78; H, 

2.34; N. 10.57. 

a-(3-Methoxyphenyl)-2,3,5,6-tetrafluora-4-pyridylaeetonitrile (Ilb): colorless sdid, mp 71-72 "C (EtOH/ 

H,O); 'Hnmr(CDCI,)6 3.80 (8.3 H), 5.54(s, 1 H), 6.98-7.40 (m.4H). Anal. CalcdforC,,H,N,OF,: C, 54.94, H, 2.84; 

N, 9.86. Found: C, 55.02; H, 2.87; N, 9.94. 

a-(4-Methoxyphenyl)-2,3,5,6-tet~afluoro-4-pyridylacetonitri1 (llc): colorless solid, mp 6546°C "C 

(EtOHIH,O); ' H nmr (CDCI,) 6 3.80'(s, 3 H), 5.58 (s, I H), 6 90 (d, J = 6.8 Hz, 2 H), 7.35 (d, J = 6.8 Hz, 2 H). Anal. 

CalcdforC,,H,N,OF,. C. 54.94. H, 2.84: N. 9 86 Found: C, 54.97; H, 2.79: N, 9 85. 

a-(l-Naphtbyl)-2,3,5,6-tetrafluoro-4-pyridylseetonitrile ( l l d ) :  colodess solid, mp 120.121 "C "C (EtOHIH,O); 

'Hnmr (CDCI,) 6 5.58 (s, 1 HL7.42 (m. SH). And. CalcdforC,,H&,F,: C. 6436; H, 2.86; N, 8.83: Found: C, 64.45, 

H, 2.80; N, 8.80. 

a-(2-Thienyl)-2,3,5,6-tetrnfluoro-4-pyridyletnitil (I le) :  colorless solid. mp 81-82 "C "C (EtOHIH,O); H 

nmr(CDC1,) 6 5.78 (s, I H), 7.03-7.40 (m, 3 H). Anal. Calcd for C,,&NIF4S: C. 48.53; H, 1.48, N, 10.29. Found. C, 

48.60; H. 1.45; N, 10.34. 

u-(3-Methylphenyl)-2,3,5,6-tetrafluoro-4-pyridylacetonitrile (I l f) :  colorless solld, mp 95-97 "C (EtOHIH,O); 

'H nmr(CDCI,)G 2.37 (3.3 H), 5.54(s, 1 H),7.15-7.30 (m.3 H). Anal. CalcdforC,&N,F,: C, 60.01; H, 2.88; N, 

1O.W. Found: C, 60.07; H, 2.90; N, 10.08. 
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