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REGIOSELECTIVE ORTHO LITHIATION OF HALOPYRIDINES 

Gordon W Gribble* and Mark G. Saulnler 

Department of Chemistry, Dartmouth College, Hanover, New Hampshire 03755 

Summary Regloselective ortho llthlatlon of Z-, 3-, and 4-halopyrldlnes IS achieved with lithium 
dlisopropylamlde (-78", tetrahydrofuran) to afford, upon quenching with electrophlllc 
reagents, 2,3- and 3,4-disubstltuted pyrldlnes In good to excellent yield 

In connectlon with synthetic efforts underway III our laboratory, we required an efficient 

preparation of 3,4-disubstituted pyrldines The enhanced kinetrc acidity of the ortho protons 

in aryl halides' and the relative klnetlc acldlty of the protons In pyrldlne (4>3>'2) 
2 

implied 

that highly regloselectlve ortho metalation 
3 

of halopyridines would obtain Surprlslngly, only 

a few reports of pyrldine metalation, not lnvolvlng subsequent pyrldyne formation, have been 

recorded 4-6 

We now report that 2-, 3-, and 4-halopyridines are regloselectlvely llthlated mlth lithium 

dlisopropvlamlde (LDA) at -78" U-I tetrahydrofuran (THF) to afford the relatively stable 2-halo- 

3-llthlo- (L), 3-halo-4-lithlo- (z), and 3-lithlo-4-halopyrldines (z), respectively, Quenching 

these anions at low temperatures, to forestall pyridyne formation, with varlaus 

electrophilic reagents gives the expected dirubstituted pyrldlnes 

(Table). 

The stablllty of the 3-halo-4-lithiopyridines (2) appears to 

In good to excellent yield 

be In the decreasing order 

X=F>>Cl>Br>>I, as judged by visual decomposition of the reactlon mixture (presumably via 

3-pyridyne) Thus, while 2 (X=1) is only fleetingly stable at -95", _ 2 (X=Br) 1s stable for lo-15 

min at -78" and 2 (X=Cl) is stable for at least an hour at -78' - In contrast, 2 (X=F) is stable - 

at higher temperatures and, in fact, only succumbs to iodine quenching at about -30" 

The llthlation of 3-chloropyridlne appears to be about 96% regioselective at C-4, giving 

2 (X=Cl) This was establlshed by subliming the crude material from the reaction of 2 (X=1) 

4337 



4138 

with iodine, and then subJectlng the sublimate to medium pressure preparative liquid chromato- 

graphy.* This afforded 93% of pure 3-chloro-4-1odopyrldIne (mp 105 5-106"),' 3% of 3-chloro- 

4,5-dilodopyridine (mp 150-151°),9'10 and 4% of an Inseparable mixture 
9 

of Z-iodo-3-chloro- 

pyridine and 3-chloro-5-lodopyridine (ca 55 45 by nmr) as evidenced by their cleanly separated 

and distinctive 'H-nmr spectra Thus, the reglolithlation of 3-chloropyridlne 1s about 96% H-4l1 

and 2% each H-2 and H-5, III qualrtative agreement with klnetlc acldlty data. 
2b 

Future work will 

establish the precise regiolithlation of the other halopyridlnes 

Some of the problems encountered with this methodology are worthy of note If the tempera- 

ture of the llthiohalopyridine is not malntained at or beLow -65" during the exothermlc quench- 

lngs (e g , those with Iodine and dlphenyldlsulfide), then pyridyne formatlon will ensue and the 

yield of dlsubstituted pyridlne ~111 be lowered However, If the electrophile 1s added too 

slowly, then exchange llthlation can occur to give other products. This latter phenomenon 1s 

also observed during attempted alkylatlon of 2 (X=Cl) Treatment of 2 (X=Cl) with E-butyl 

lodlde gives a mixture of 3-chloro-4-g-butylpyrldine and 3-chloro-4-(4-octyl)pyrldlne Presum- 

ably, Inverse quenching ~111 circumvent this exchange lithiation and we ~111 report on this in 

due course, as well as on the chemistry of these pyridines For example, we find that 3-pyrldyne 

can be generated and trapped with furan (38% yield of Diels-Alder adduct) by treating 3-chloro- 

4-lodopyrldine wrth n-butyllithlum (-78", THF) 12'13 

Representative Procedure 3-Chloro-4-trlmethylsilylpyridine- An oven-dried 100ml 3-neck 

round bottom flask fitted wrth an internal thermometer, addltlon funnel, nitrogen adapter, rubber 

septum, and magnetic stirrlng bar was charged with dry THF (2Oml) (dIstilled from Na/Ph2L0) and 

dry diisopropylamine (26 4mmo1, 3 70ml) (distilled from NaH) To this was added n-butyllithium 

(16 5ml of 1 6~ in hexane, 3Ommol) at -78" under N2 with magnetic stirring This solution was 

stlrred at -78" for 20 min and then to this solution of LDA was added over 15 min a solution of 

3-chloropyridine (2 Slml, 26 4mmol) in dry THF (5ml) with magnetic stirring and keeping the 

temperature below -78" The resulting 3-chloro-4-llthiopyridine preclpltated as a white solId 

in a light yellow solution. The m-lxture was stlrred for 30 min at -78* and then treated over 

5-10 mln with a solution of chlorotrimethylsilane (3.6Om1, 28 4mmol) In dry THF (15ml) keeping 

the temperature at -78' The mixture was allowed to warm to room temperature overnlght, 

partially concentrated in vacua, poured into 50ml of 5% aq NaHC03, and extracted with ether 

(3xlOOml) The ether extract was washed with water (lx75ml) and brine (2x75ml), dried (K2C03), 

and concentrated 1t-1 vacua to afford 5 37 g of a light amber oil. Distillation gave 4 72 g -- 

(96%) of 3-chloro-4-trimethylsllylpyridine, bp 75-77'/1 torr, nmr (CDC13) 6 0.40 (s, 9H), 

7 32 (d, .T=5, lH), 8 50 (d, 5~5, lH), and 8 55 (s, 1H) ppm Anal Calcd for C8H12NCISi 

C, 51 73, H, 6 51, N, 7.54, Cl, 19.09 Found C, 51.67 H, 6 60, N, 7 51, Cl, 19 05 
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