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Abstract : The mixture of lithium diisopropyhidc and potassium m-butoxide 
(“LIDA-KORrcagent?isapowerfulbascwhichcanaadvantageooslytmploycdfor 
the regkekctk deprotonation of fluorop+limx and, in pa&u& Mluoro- 
quinoline. A novel cyckation process was elaborated for the preparation of the latter 
product. 

In general, organometallic reagents tend to add nuckophili&y onto the latent imino function of the pyridbe 

ring rather than to promote metalatkm of the heterocycle It! Just the LIC-KOR mixture 121 @utyUithium 

activated by potassium rcri-butoxide) is powerf’ul and protophilic enough to bring about a hydrogen/metal 

cxhange, although deprotonation occurs competitkly at tl& 2- and 4-positions. Moreover, the resulting inter- 

mediates apparently do not react with ordinary electrophiles but can only be identified through deuterolysis 14. 

Electron withdrawing or metal complexing substituents enhance the hydrocarbon reactivity 141. As a consequence, 

2- or 4-(4ithiooxyaky&~)amino IsI, -akoxy Ial, -IQV-diethykarbamoyioxy n or -halo 181 substituted pyridines 

do undergo rapid deprotonation at the heteroadjacent 3position even with relatkly weak bases such as lithium 

diisopropylamkk Some regiochemical ambiguity arises if the heterosubstituent occupies the 3-position. The 

(a-&hiooxyakylidene)amino I41 and NJV-diakyisulfamoyi f91 moieties appear to direct the metal invariably to the 

Cpositio~~ With 3-pyridyl ethers as substrates, both the akoxy moiety and the reaction conditions play a crucial 

role. Thus it is possible to produce selectively 3-benzyloxy-, lethoxy- and other 3-alkoxy-24ithiopyridines ia, lo1 

or, on the other hand, 4-Uhio+(methoxymethoxy)pyridine p9. While lithium diisopropylamide allows to 

introduce a metal cleanly into the 4-position of 34uoropyridine 1121 and 3-chloropyridine [131, both halo 

compounds are concomitantly attacked at the 2- and 4-position when standard organolithium reagents are 

emplo+ P5 13]. However, under optinked conditions the almost selective generation of 3-tluoro-Mithi* 

pyridine becomes again possiile [lrl. 

X = NXlOLi)R, S02NR,. OR, Cl, F 

1129 
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We cxpcctcd tbc LIC-KOR mixture to b&we diffcrcntly. This “superbasic’ rcagcnt is fairly inscnsitivc to 

neighboring group assistance as provided by electron donor substitucnts but systematically favors the proton 

abstraction from the most acidic aromatic positions flsf Exchange kin&s suggest that the acidity of the various . 

sites in pyridiie increases with their distance from the nitrogen atom f161. The outcome of the reaction bctwccn 

ffluoropyridine and LIC-KOR is in agreement with this assumption : mctalation occurred exclusively at the 4- 

position. After carboxylation 3-fhtoro-4-pyridinuxuboxylic acid (1) was isolated as the sole product. The yield of 

51% (after recrystaUiition) is somewhat kwcr than that reported for the deprotonation with lithium diiso- 

propylamide. On the other hand, our method offers the advantage to avoid the presence of other reactive 

components, especially diisopropylamiie, in the reaction mixture. In the same way, 2&oropyridine was 

metalated and afforded 57% of 2-fhtoro-3-pyridinecarboxylic acid (2) upon carboxylation and neutralization. 

COOH 
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F 
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With 2- and 3-fluoroquinolines some problems had been encountered already previously. Butylfithium, activated 

by N,N,N’JV-tetramethykthyknedii reacts with both isomers under nuclcophilic addition onto the imiie 

center (positions 2 and 1) rather than under proton abstraction. WI We have found re+butyUithium or the 

UC-KOR mixture to behave in the same manner. Deprotonation does occur when lithium diisopropylamide in 

the presence of hexamethylphosphoric triamiie is employed as the base. Ytehls in the order of 60% have been 

reported for reactions quenched with chlorotrimethykilane f17f. With carbon dioxide as the trapping reagent, 

however, we have obtained only moderate results. As we have subsequently recognized the yields improve (e.g., 

64% of acid 3) if the metalation is performed with lithium diisopropylamide activated by potassium trvr-butoxide 

(“LIDA-KOR reagent” f’*f) in a tetrahydrofuran/hcxane mixture. 

OCH3 Li(K) COOH 

Qf’ - a; - Ql$rF - Ql$rF - Q@’ 

H 
3 

3Auoroquinoline can be prepared according to the Schiemann-Bak method R9f. We have opened a quite 

attractive novel entry to this compound by submitting 2-fluoro-3-methoxyacryknilide (from methyl Zfluoro+ 

metho~crylate and lithium anilide) to an acid catalyzed cyclization. The 3-fluoro-2quinokne (4) thus formed 

could be casiiy reduced to 3-fkoroquinoline viu the 2-chloro-3-fluoroquinoline (5). 

H 
4 5 
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S&&e O-alkylation of the amide. 4 gave to 2-butoxy-3-horoquiuoline. After consecutive treatment with 

lithium dikopropylamide and dry ice, 2-butoxy-3-fluoro4quinolinccarboxylic acid (6) was isolated with 8296 

yield. The Iatter compound was cleanly wnvcrtcd into its 2-(N&dictbyIaminocthyl)amide 7 which is a fluorine 

bearing anaIoguc of the prominent IocaI anesthetic Cinchocain (Diiuca& Percain) Izol. 

Li(Kl COOH 

6 7 

EXPERIMENTAL PART 

. . 
1. Generalltles 

S&z&g mcrluialr ham been purchased from fuka AG (Buchs), AIdrich-Chcmie (Steinheim), or Mcrck- 
Schuchardt (Darmstadt), unless lituature sour-. or detaiIs of the preparation are given. BufyU&ium and 
polarsium fe+bu&uide were supplied by CheMetaU, Frankfurt, and Ht&, Troisdod AII commercial reagents 
were used without further purification. 

Air and moistun? stmsitiw compooutd were stored in SchIenk tubes or Schlenk burettes. They were protected by 
and handled under an atmosphere of 99.995% pure nitrogen. 

Penlartc, heume. benzene and tiene were obtained anhydrous by careful azeotropic distillation, tetily&@mn 
and dierhy e&r by distiition from sodium wire after the characteristic blue color of in situ general sodium 
diphenyl kctyi I’ll was found to persist. 

&hen& &nuts were d&d with sodium sulfate. Before distUation of wmpounds prone to radical polymwization 
or sensitive to acids a spatuIa tip of hy&qdmne or, reapectiveIy,~sium cwiwnate was added. 

The temperature of dry iw methanoI baths is wnsistently indicated as -7X and ‘room temperature” (22 - 24X) 
as 2YC. Melring mnges (mp) are reproducibIc after resoIidifxati~ unless othe4se stated (Uez.7, and arc 
cometedusiagacalibtationcumwhich~ed;rblishedwithauthentcstaadardaIfnom~poiaLsarcgivcn, 
it means that all attempts to cry&II& the liquid produft have failed even at temperatures as low as 
-7YC. If reduced pressure is not spec&d, boiling mnges were determined under ordina,ry atmospheric wndi- 
tions (720 f 2.5 mmHg). 

Silica gel (Merck KieseIgel60) of 70 - 230 mesh (0.06 - 0.20 mm) pasticle size was used for cofumn chivmufe 
gmphy. The solid support was suspended in hexane and, when aII air bubbles had escaped, was sIticed into the 
wI~WhentheIevcloftheliquidwasstillwme3-5unabovetbe~wlayer,tbtdrypowderobtainedby 
absorption of the crude product mixture on 15 - 20 g silica gel and subsequent evaporation of the solvent was 
poured on top of the whunn. 

Whenexr reaciion products were not isolated, their yields were determined by gus M@Y wmPar;ng 
thcii peak areas with that of an internal standard and wrrccting the ratios by calibration factors. The purity of 
distiUed wmpounds was checked on at least two whunns loaded with stationary phases of di&rent polarity. 
Chromowrb G-AW of 80 - 100 and 60 - 80 mesh part&. size was chosen as the support for packed anaIyticaI or 
preparative whmms (2 or 3 m long, 2 mm inner diameter and 3 or 6 m long, 1 cm Inner diameter, respectively). 
Pa~~wlumnswcremadeof~whilcquvFcwasch#enastlrematuialfoPeo;rted,Grobtypcapillary 
wfumna (iz 10 m long). The type of the statiomuy phase used is abbrivia&d as SP-2340 (cyanopr~wne) and 
SPB-5 (methyIphcnyIsiIiwue). In the case of programmed temperature increase a rate of 10 ‘C/min was 
maintained. 
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Nuclear mag~&c resot~wu~ s~ccrm of hydrogen-1-nuclei in dcuteroebloroform solution were recorded at 250 
MHz and of fluorinc-19 nuclei at 376 MHz Chemical sbifts 6 refer to the signal of tetramethylsilane in the ease 
of ‘H spectra and to a,a,a-tritluorotoluene in the case of 19F spectra. Coupling umstants (J) are measured in 
Hz Abbreviations of coupling patterns : s (sin&t), d (doublet), t (triplet), q (quadruplet), td (triplet of doublets) 
and m (multiplct). 

Mass spectra were obtained at a 70 eV ionization potential maintaining a source temperature of 200 ‘C. Wben- 
ever no molecular peab was observed under standard conditions, chemical ionization (“ci.“) in an ammonia 
atmospbcrc at 100 “C source temperature was applied. The moler.ular peaks (M*) listed of chlorides refer to the 
W isotope. 

2 Stark Mater& 

Methyl 2-Ruoro-3-metboxy-2-butenoate : Dicblorotluoromctbane (44 mL, 62 g, 0.60 mol) was added dropwise, 
over a period of 30 miq to the vigorously stirred mixture of 1~-2_dim~o~-l-(trimethylsilyloxy)ethene (88 g, 050 
mol; from methyl metboxyacetate by consecutive treatment with lithium diiipropybuuide in tetrahydrofuran and 
ebforotrimetbyfsilane) and potassium reri-butoxide (62 g, 0.55 mol) in bexane (0.40 L) at -75 ‘CT. After 30 min at 
-75 “c and under continuous stirring the mixture was allowed to gradually reach 25 “c. The sobnion was filtered 
through a Celite pad which was washed with dictbyl etbcr. Evaporation and distillation afforded methyl Ztluoro- 
Imcthoxy-2-butcnoate as a 1: 1 (Z/E) isomeric mixture which could he separated by column chromatography 
(silica gel as tbe support, a 1 : 4 mixture of ethyl acetate and bexane as the eluent); 52 g (78%); bp 82 - 
83 ‘C/10 mmHg. - (Z) isomer : mp 8 - 10 ‘C; n20 1.4930. - ’ H-NMR : 6 6.89 (1 H, d, I l9.1), 3.89 (3 H, s), 3.78 
(3 H, s). - MS I W (57%, M+), 119 (38%). 103 @tD%). - Analysis : talc. for C H,PQ (134.11) C 44.78, H 5s. 
found C 45.02, H 526%. - (Z) isomer : mp 45 - 46 ‘C. - ‘H-NMR : 6 698 (1 H,‘d, J 9.&3.87 (3 H, s), 3.85 (3 H, 
s). - MS : 134 (32%, M+), 119 (31%), 103 (100%). - Analysis : cak for C$I,PO~ (l34.11) C 44.78, H 5%. found 
C 44.62, H 538%. 

3-Pluoro-2qulnolone (4) : Under gentle shaking, metbyl2fluoro-3-metbaxy-2-butcnoate (10.0 g, 75 mmof, Z/E 
mixture) was added to an ice cooled solution of lithium anilide (0.15 moL from equivalent amounts of aniline and 
butyllitbium) in a 2 : 1 (v/v) mixture (30 mL) cf tctrabydrofuran and bexane. A precipitate deposited After 30 
min at 0 T, the rcaetion mixture was poured into icecold 1 M bydroehforic aeid (0.2 L) and was extracted with 
dietbyl ether (3 x 0.1 L). Upon evaporation of the volatile eomponen~ a colorless waxy material remained, 
whieb presumably was the anilidc 4. This raw material was bcated together with 70 96 aqueous sulfuric acid (50 
mL) 2 h to 60 ‘C. The mixture was tbcn poured on crushed ice. 3-Pbtoro-Zquinolone was e&e&d by f&ration 
and was washed with water (4 x 20 mL) and ice-cold dietbyl ether (2 x 10 mL); 1l.O g (87%); mp 239 - 241 *C 
(from acetone). - ‘H-NMR @,CCOCD : 6 11.25 (1 H, s, broad), 7.73 (1 H, d, J 11.0). 7.68 (1 H, dd, J 8.0,1.0), 
7.53 (1 H, ddd, I8.0,6.1, 13), 7.45 (1 dd, J 85 19,727 (1 H, ddd, 18.2,6.1, 1.0). - MS : 163 (lOO%, M+), 
135 (82%). - Analysis : cak for c9HapNO (163.15) C 6626, H 3.71; found C 6634, H 3.87%. 

2-Cbloru-3~Ruoroquinoiine @) (5) : A suspe nst ‘o n of 3-fluoro-2-quinolone (8.2 g, 50 mmol) in pbosphoryf 
tricbloride (30 mL) was heated under stirrmg until, after approuimately 30 min, a dear solution bad formed. The 
brownish mixture was cautiously poured on crushed ice and was neutral&d with a. 2 M aqueous solution of 
sodium bydrokde. Extra&ion with herane (3 x 0.1 L) and evaporation of the solvent gave a light-yehow solid 
which was purified by sublimation (50 “C/O.05 mmHg); 8.1 g (89%) of white crystals: mp 85 - 86 ‘C. - ‘H-NMR : 
6 8.05 (1 H, d, broad, J 8.5), 7.87 (1 H, d, I8.2), 7.81(1 H, dd, I 8.l, 15), 7.73 (1 H, ddd, J8.5,7.0, L5), 7.61(1 
H, ddt, J 8.1,74 1.0). - MS : l81(1OO%, M+), 149 (35%), 146 (42%). - Au&‘& : cak. for C&m (181.60) C 
5953, H 278; found C 59.43, H 290%. 

3-PbmroquinoRne : Pahadium (10% on charcoal, 0.2 g) was added to a solution of 2-ebloro-3-guoroquinohne (5; 
7.3 g, 40 mmol) and trictbybuuii (1l.O mL, 8.1 g, 80 mmol) in ethanol (0.10 L), wbieb was stirred under an 
atmosphere of hydrogen (1 atm) at 25 T. After approximately 4 h, the required amount of hydrogen bad heen 
taken up. ‘fhe reaction mixture was Gltrered, concentrated and distikd to afford pure ffhtoroquoWin~ 1’4; 
5.0 g (84%); mp 7 - 9 ‘C; bp 68 - 70 *C/l mmHg; nzo 1.4762 - ‘H-NMR:68.&3(1H,d,/29),8.13(1H,dd,I 
8.5, 0.9), 7.80 (1 H, dd, I 8.0, 15), 7.78 (1 H, dd, 98.7, 29), 7.70 (1 H, ddd, J 8.5, 7.0, 15), 7.59 (1 f-f, ddt, 
/ 8.0,7.0,0.9). 
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2-Butury-3-IIuorequInolir~e : The heterogeneous mixture of 3tIuoro-2quinoIone (4.1 g, 25 mmoI), butyi iodide 
(5.7 mL, 9.2 g, 50 mmol), siker carbonate (35 g, 13 mmol) and tokene (0.10 L) was stirred 48 h at 25 ‘c in the 
dark. Elution with hexane from a chromatography cohunn GIIcd with silica geI (50 g, for detaiIs see “gene&ties”, 
Section 1) gave 2-butoxy+fIuoroquinoIine as a colorkss viscous oil which so&I&d in the refrigerator; 5.2 g 
(95%); mp 16 - 18 “C. - ‘H-NMR : 6 7.85 (1 H, dm, J 8.5), 7.67 (1 H, dd, J 75, LO), 7.63 (1 H, d, J 10.2), 758 
(1 H, symm. m), 7.41(1 H, ddt, J 8.5,7.5, l.O), 458 (2 H, t, I6.7), 1.90 (2 H, symm. m), 1~ (2 H, symm. m) 
1.03 (3 H, t, / 7.2). - MS : 2l9 (14%, M’) 163 (100%). - Analysis : caic for C,,H,FNO (219.26) C 71.21, H 
6.44, found C 71.28, H 658%. 

3. Metalation 

3_FIuero4pyrId&carb@k acid (1) inI : Under reduced pressure, the voIatiIe components were stripped off 
from the sohttion of butyUithium (10 mL) in hexane (7 ml.). At -75 T, prccooled tetrahydrofirran (20 mL), 
potassium ti-butoxide (1.1 g, 10 mmol) and ffiuoropyridine (0.87 mL, 1.0 g, 10 mmol) were consecutively 
added to the residue under stirring until the akohokte had dissolved. After 3 h at -75 T, the reaction mixture 
was poured on dry ice. After evaporation to dryness, the soiid salt was treated with a smaii excess of hydrogen 
chloride in diethyl ether and the acid 1 was recrystaiiized from cyclohexane; 0.72 g (51%); mp 253 - 256 “C 
(dec). - ‘H-NMR : 6 8.68 (1 H, d,/ 2.6), 8.52 (1 H, d,J S.O), 7.85 (1 II, dd,J 6.0,S.O). - MS : 142 (lOO%), 141 
(95%), 1% (82%). - Analysis : talc. for CaH4FN02 (141.10) C 5LO7, H 286; found C 51.36, H 328%. 

2-FIuoru-3-pyrIdInccarhuxyIk acid (2) i”i : III an analogous manner, acid 2 was prepared and isolated; 0.80 g 
(57%); mp 162 - 165 % (dec.). - ‘H-NMR : 6 8.46 (1 H, ddd, / 9.4,75, 21), 839 (1 H, ddd, I5.0,20, l.O), 7.44 
(1 H, dad, J 7.5.5.0, 1.7). - MS : 142 (lW%), l24 (74%). - Analysis : cak. for CsH,FN02 (141.10) C 51.07, H 
286; found C 52.32, H 3.28%. 

3-FIuoru4quinoIInccarhexyIic acid (3) : At -75 ‘C, 3-fluoroquinoline (29 g, 20 mmol) in tetrahydrofuran (10 
mL) was slowly added to a solution containing Iithium diipropyiamide (20 mmol; from diisopropykmine and 
butyIIithium) and potassium f&-butykkoholate (2.5 g, 2.2 mmoi) in tetrahyd&uan (40 mL) and hexane (U 
mL). After 15 min at -75 ‘C, the greenish solution formed was poured on crushed dry ice. Upon evaporation to 
dryness a solid residue remained. It was aciditied with 2 M hydrochloric acid to pH 3. The aqueous phase was 
extracted with diethyl ether (5 x 20 mL). The comb&d organic layers were washed with brine (2 x 25 mL), 
dried and evaporated. CrystaiIization from acetone aIforded the acid 3 as colorless ncedks; 2.5g (64%); mp 233 - 
235 ‘C (de@. - tH-NMR : 6 9.00 (1 H, d, I XI’), 8.28 (1 H, ddd, I8.0, L8,0.8), 8.15 (ddd, I8.0,15, OS), 783 (1 
H, ddd, I8.0,65, Is), 7.75 (1 H, ddd, 18.0,65,15). - MS : 191 (RIO%, M+), 174 (11%). - AnaIysis : talc for 
CloHsFNOz (19l.16) C 62.83, H 3.16; found C 63.04, H 333%. 

2-Buto~~duoro-4quinoiincePrbolOnk acid (6) : From a simii reaction, although without adding potassium 
lert-butyiakohoiate, acid 6 was isolated, 4.4 g (82%); mp 143 - 145 “C (crystagized from a 1: 4 mixture of diethyl 
ether and hcxane). - ‘H-NMR : 6 8.12 (1 H, d, broad, I 8.2), 789 (1 H, dd, I 8.2,1.0), 7.66 (1 H, t, broad, J 8.2), 
751(1 I-I, t, broad, I8.2), 6.6 (1 H, s, broad), 459 (2 II, t, 16.6). 1.90 (2 H, symm. m), 156 (2 II, symm. m), LO3 
(3 H, t, J 7.2). - MS : 263 (7%), Al’), 218 (16%),‘207 (108%). - Anaiysis : cab for C,,Ht,FNO, (263.27) C 
6387, H 536; found C 64.01, H 537%. 

2-Butoxy-N-(2-dicttyrlpminoetbyl)3-nuoroin -irk (7) : Acid 6 (2.6 g, 10 mmol) and oxaIyI 
chloride (5 mL) were heated under stirring to Xl ‘C until (after approx. 1 h) a homogeneous mixture was 
obtained. Then aiI volatile materials were evaporated under reduced pressure. The residue was dissolved in 
diethyi ether (20 mL) and was treated with 2-(diethyIamino)ethyIamine (3.1 mL, 2.3 g, 20 mmol). The ethereai 
solution was W&red through a Iayer of s&a gel before b&g evaporated The remaining syrup solidified when 
triturated with hexane; 35 g (%%); mp 55 - 57 T. - ‘H-NMR : 6 7.95 (1 H, dd, I 85, LO), 783 (1 II, d, broad, J 
85), 7.61(1 H, ddd, J 85,7.0,1.0), 7.43 (1 H, dd, broad, I85,7.0), 6.85 (1 II, s, broad), 4.57 (2 H, t, J 6.5). 362 
(2 H, q, J 6.0), 270 (2 H, t, J 6.0), 2.55 (4 H, q, I7.0), 1.78 (2 H, symm. m), 155 (2 H, symm. m), Ml (3 II, t, J 
7.1), LOO (6 II, t, J 7.0). - MS : (c.i.) 362 (l%, M+ + l), 289 (l%), 134 (16%), 86 (100%). - Ana@uis : cak for 
C&-$sFN~02 (361.46) C 66.46, H 7.81; found C 66.22, H 783%. 
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