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Ab&ra& - The synthesis of new 2-fluoro-, 3-fluoro- and 2.3-difluoroquinoxalines 

by nucleophilic substitution with cesium fluoride as coupled vith 18-crown-6 and 

their herbicidal activities are described. 

The mild and selective introduction of a fluorine atom into heterocycles has kcome increasingly 

iwtant because of its potentials in applications for never designs of bioactive molecules. It 

seem to date that the moat convenient method is the fluorination by nucleophilic substitution of a 

chlorine atm(s) on heterocyclic ring vith a suitable fluoride salt, although relevant examples are 

quite rare, in which substrates containing a chlorine atom(s) are treated in 'a forcing condition' 

under severe heating in a strongly polar and high boiling solvent1 and that often results in 

decreasing chemselativity or dsomposition of unstable substrates. Cur consecutive interest in 

selective fluorination of N-heterocycles under a mild condition now has focused on the synthesis of 

nev 2-fluaro- and 2.3-difluorquinoxalines from their chloro analogues for bio-rationalization. 

since a number of chloro- and bramoquinoxaline derivatives: are known to be potent  herbicide^.^ 

We initially attempted nucleophilic substitutions of 2,6dichlorwuinoxaline W3.4 with a variety 

of fluoride salts or their modifications such as potassium fluoride 0 - 18-ero~n-6,~-~ silver 

fluoride (A@) - dipyridylto and tetra-n-butylammnium fluoride (n-BqNtP) but we could not 

encounter any appreciable results when conducted in nlF or acetonitrile as solvent. In this Paper, 

ve now report briefly a facile synthesis of the novel fluoraquinomlineg wing CsF as coupled with 

18cram4.12 

Firstly, 2.6-dichlorquinoxaline W and 6chloro-2-e-twlquinomline W13 were chasen as 

substrates (Table 1). The nucleophilic substitution of the 2-chlorine atom of k readily proceeded 

with CsF and l&erovn4 in TllF at rmm temperature, affording 6chloro-2-fluorquinoxaline 



inSI% yield (Run 2). The effect of crom ether was best demonstrated in Run 4, where a catalytic 

-uot of 1Berown-6 was employed while no conversion was observed in Run 5 without crow ether. 

Q the other hand, the substitution of the 2-E-tsyl group rather sluggishly proceeded with the 

mdified CsF (Run 7 and 8). resulting in inferior yields to those for the ehloro analogues. A 

variety of 2-fluoroquinoxaline analogues -15-18 have k e n  prepared by the current 

procedure in good or fair yields as compiled in Table 2. 

Table 1. Fluorination of 2.6-Dichloroquinoxaline(l_c) and 6-Chloro- 

2-p-tosylquinoxaline(Z_c) with Cesium Fluoride - Crown Ether - 

"aN~ CsF/18-crown-6 

N X THF F 

LC or 25 3c 

Run Substrate X CsF 18-crown-6 React. React. Yield 
(eq) (eq) temp. time, h %(LC) 

1 l_c C1 4 1 r.t. 20 85 

2 L? C1 4 0.1 r.t. 20 87 

3 l_c CI 4 1 rfl. 4 70 

4 A? C1 4 0.1 rfl. 4 7 3 

5 IS c1 4 - rfl. 4 0 

6 LC C1 1.2 0.1 rfl. 4 81 

7 S O ~ Q M ~  4 1 r.t. 2 0 2 4 

8 2_c S O ~ Q M ~  4 1 rfl. 4 19 

Table 2 .  Fluorination of 6-Substituted 2-Chloroquinoxalines 

With Cesium Fluoride - Crown Ether 

CsF(4 eq)/l8-Crown-6 (1 eq) 

C1 THF F 

I 3 

Hun Substrate Y React. React. Yield 
temp. time, h % (3) 

1 l_a H r.t. 2 0 38 (La) 

2 9 H rfl. 4 70 (La) 

3 l_b F r.t. 4 0 64 (3_b) 

4 L! BT r.t. 20 87 (3 
5 lS CF2 r.t. 2 0 58 (Lee) 

2.3-Dichloroquinoxaline (4) and P(2-Ulieqvl)-2-chloroquinoxaline @ were similarly converted to 

2.3-difluorquinoxaline @I9 and P(2-thieqv1)-2-fluoroquinoxaline Om in 64 and 824: yields 
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respectively (Scheme 1). 

Scheme 1. 

Furthermore, we found that the current procedure could be modified into a one-pot synthesis oP 

2-substituted 3-fluoroquinomlines from 4 by subsequent nucleophilic substitution uith various 

synthons uith a primary or secondary amino group. For example, 4 (1 eq) vas treated with glycine 

ethyl ester hydrochloride (1 eq) in the presence of C4F (4 eq) - 18-crovn-6 (1 cq) in TW at room 

temperature. yielding N-(3-Pluoro-2-quinoxaliny1)glycine ethyl ester 02' in 61% yield. 

N-(3-fluoro-2-quinoxaliny1)morpholine OZa (7EZ yield) and 2-[N,N-bis(3-fluoro-2-quinoxalinyl)- 

aminol~~rimidine 0 2 3  (64% yield) vere similarly prepared from morpholine (1 cq) and 

2-minopyrimidine (0.5 eq) respectively (Scheme 2). 

Scheme 2 .  



Herbicidal activities of 2 against important weeds were shown in Table 3, exhibiting nearly equal 

potencies to those for the chloro analogue B 

Table 3. Pre-emergence Herbicidal Activities of 3-(2-Thienyll- 

2-fluoroquinoxaline(~) Compared with Those of 3-(2- 

Thienyl) -2-chloroquinoxaline (6) and 2- (2-Thienyl) - 
quinoxaline (l_l) 

Compound 
Weed 

6 I 11 - - - 

Echinocloa crus-galli 6 4 3 

Digitaria adscendence 8 8 2 

C m s  difformis 8 7 2 

Solanum niw 9 9 7 

Galinsop c m a  9 9 8 

Rorippa indica 9 9 8 

Rate; 25 g/a. 10; 100% Kill, 0; No Effect. 

We are thankful to b. T. Navamaki. Biological and Chemical Research Laboratory of Nissan Chemical 

Ind., Ltd.. lor herbicidal activity test. 
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12. Ibe first modification of CsF uith crown ethers was recently reported as applied to the 

fluorination of polychlorinated aromatic hydrocarbons and pyridines in %CN at 80 'c.= vhere 

the fluorination proceeded in a maderate rate without crown ether. 

13. & uas synthesized from k uith sodium n-toluenesulfinate in t%lF at 110-120 'C. 

14. A typical reaction procedure is described for the synthesis of 3G: To a suspension of CaF 

(866 mg. 5.70 501) and molecular sieves 4A (1.5 g) in 5 ml of dry THF. vas added 18-crown-6 

(38 mg, 0.14 mol) at room temperature under stirring in nitrogen. After stirring for 1 h, k 

(284 mp. 1.43 mmol) vas added and stirred for 20 h at room temperature. After celita- 

filtration of the mixture followed by washing vith a small amount of nlF, the solvent was 

evaporated and ethyl acetate (30 ml) vas added. ethyl acetate solution was washed uith 

water and dried over anhydrous sodium sulfate. After raoval of the solvent, the residue was 

chromatographed on silica gel vith chloroform to obtain 227 mg (87%) of 3G. mp 120-120.5 "C; 

irWr): 3a55, 1585, 1492, 1442, 1389, 1324, 1298, lZX, 1180, 1075, 9Ea, 922. and E43 cm-l; 

pmr(UC13) 6 7.74(1H, d d, J=2.0, 9.0 Hz), 7.92(1H, d, J=9.O HZ), 8.16(1H, d. &2.0 HZ), and 

8.71(1H. d. J=7.7 Hz); ms m/r 1@2(W. base peak). 163, 155, 147. 137, and 110. 

15. a: colorless oil. ir(KBr): 3425, 3060, 1583, 1498, 1469, 1402, 1325, 1298, la65, 1213. 1200, 

1134, 95). 936, and 760 w r l ;  pmr(UC13) 6 7.68-8.22(413, m) and 8.71(1H, d, 1=7.9 Hz); ms m'z 

1 4 8 W ,  base peak), 129. 121, 103, and 76. 

16. 31: mp72.5-74°C. ir(KBr): 3430, 3335, 1&0, 1589, 1533, 1332, 1372, 1216, 1201, 1153. 1111. 

1035, 994, 914, and 842 a c l ;  pmr(UCl.3) 6 7.48-8.10(3H, m) and 8.72(1H, d, 1.7.9 Hz); ms dz 

IEiSW*, base peak). 147. 139. 121, and 94. 

17. a: mp 133-134 'C. irWr): 3Ce5, 1597, 1577, 1480, 1435, 1379, 1312, 1291, 1200, 1174, 1129, 

1095, 989, 910, and 8P cm-l; pmr(UC13) 6 7.87(2H. br 6 ) .  8.33(1H, br 6). and 8.70(1H, d, 

J=7.7 Hz) ; ms m/z B ( M + ,  base peak), 147. 127, and 120. 

18. a: mp 112.5-114 "C. ir(KBr): 3425, 3060, 1597, 1464, 1400, 1329, 1305, 1219, 1191, 1158, 

1130, 1070, 998, 943, and 858 cm-1; pmr((DC13) 6 7.98(18, d d, P1.6, 9.0 Hz), 8.12(1H, d, 

JS.0 Hz), 8.48(1H, br a), and 8.81 (lH, d, J=7.7 Hz); ms m/z 216W. base peak), 197, 189, 171, 

166, 149. and 144. 

19. 5: mp 94-95 'C. irWr): 3410. 1492. 1451, 1388, 1347, 1329. 1239, 1193, 1168, 1144, and 

762 m-l; pmr((DC13) 6 7.70-8.10(4H, m); ms m/z 1 S W ,  base peak), 147, 146. 139, 121, and 

116. 

20. 1: mp 135-135.5 "C. ir(KBr): 3425, 1550. 1522. 1488, 1427, 1395. 1349, 1528. 1232, 11%. 113s. 

1CB7, gj2.  849. 769, 760. and 708 c w l ;  pmr(a13) 6 7.19(1H, d d. 13.7, 5.1 Hz). 7.58(18. 

d d, J=1.1, 5.1 Hz), and 7.KM.20(5H, m); ms m/z 230W, base peak), 211, 186. 185, 102. 

21. A typical reaction procedure is described for the synthesis of 8: To a suspension of CsF 



(I= mg, 12.2 mmol) and molecular sieves 4A (1.5 g) in 5 ml of dry nlF, was added 18-crown-6 

(404 mg, 1.53 -1) at room temperature under stirring in nitrogen. After stirring for 1 h, 4 

(304 mg. 1.53 mmol) and glycine ethyl stet hydrochloride (213 mg, 1.53 -1) were added and 

the mixture was stirred for 24 h at room temperature. After the same working-up as described 

for 3s. the resultant crude product vas purified by c o l m  chromatography on silica gel with 

chloroform to give 2.32 IW (611%) of 8,  mp 169-170 "C; ir(KBr): 3366, 5980, 1722, 1630, 1589, 

1540, 1478, 14E2, 1440, l a ,  1368, 1308, 1%. 1220, 1193, 1139, 1110, 1020, and 760 cm-1; 

pmr(aX:k) 6 1.33 (34, t, J=7.2 Hz). 4.29(ZH, q, J=7.2 Hz), 4.38(ZH, d, 55.3Hz). 5.71(1H, 

br s). and 7.30-7.93(431, m); ms d z  /z(iI+). aM, 176(hase peak), 148, 147, and 129. 

?2. 9: mp -91 "C. irWr): 3420, 2940, EX6,  2840. I=, 14W. 1474, 144, 138). 1366, 1330. 

1308, 1Z80. 1253, 1231, 1209, 1182, 1162, 1105, 1038, 951, 918, 9C6, 848, and 769 em-1; 

pmr(aX:k) 6 3.60-4.00(8H, m) and 7.=7.85(4H, m) ; m s  Wz 22321. h e  peak), 218, 202, 188, 

176, 175, 162. and 148. 

23. 2.2: mp -220 "2. irWr): 343 .  3040, 1568, 1498. 1449, 1410, 1370. 1343, 1328, 1308. 1245, 

la, 17209, 1201, 1141, 936, 8m, 770, and 758 csl;  plm(CrCb) 6 7.12(1H, t, W.8 Hz), 

7.SN3.10(8H, m), and 8.58(211, d, J4.8 Hz); ms m/z 387(Mt), 368(base peak), 240, and aX). 

24. P. I. Svirskaya, V. Yedidia, and C. C. Leznoff, L &terocvclic C&L, 1985, iZ. 149. 
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*CIAll the new fluoroguinoxalines gave satisfactory data on elemental analysis. 


