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Abstract : Chiral syntheses of 2-fluoro carboxylic acids were achieved (ee _> 92 %, yield 50-60 %) 
by stereoselective conversion (with inversion of configuration) of optically active trichloromethyl 

carbinols to fluoroacids with tetrabutylammonium fluoride. Fluorinated pheromone analogs of the 

European corn borer, Ostrinia nubilalis, and of the beet armyworm, Spodoptera exigua, were 

synthesized. 

We recently reported a convenient synthesis of racemic 2-fluoro carboxylic acids and the utilization of 

these products in the syntheses of fluorinated insect pheromone analogs.1 Preliminary results with the 

fluorinated pheromone analogs, both in behavioral2 and catabolic 3 studies, stimulated a need for these materials 

as individual enantiomers, and we investigated modifications of the earlier synthetic conditions that would permit 

syntheses of chiral 2-fluoroacids. Optically active 2-fluoro carboxylic acids have previously been synthesized 

by deamination of corresponding aminoacids with HF.Py with little4a or no racemization, '~ asymmetric 

hydrogenation of 2-fluoro-2-alkenoic acids (ee < 90%),5 through diastereoselective electrophilic fluorination of 

chiral imide enolates with subsequent hydrolysis of corresponding 2-fluoro amides (ee < 90%)6, and by 

nucleophilic displacement (KF / formamide) of chiral 2-sulfonyloxy esters followed by transesterification of 2- 

fluoro methyl esters by formic acid and liberation of free acid (ee < 92 %).7 Herein we report facile chiral 

syntheses of 2-fluoro carboxylic acids with ee > 92 % and 50-60 % yield from readily available optically active 
trichloromethyl alcohols, s The utility of the method is demonstrated by the preparation of individual 

enantiomers of 2-fluoro analogs of two insect sex pheromones. 

The racemic trichloromethyl alcohols 19 (Scheme 1) were converted to the respective ketones 2 v/a 

Swem oxidation J0 Enantioselective reduction of the ketones 2 by catecholborane in the presence of (S) and (R) 

oxazaborolidine catalysts, respectively, provided (R)- and (S)- carbinols l .n  Treatment of (R)-la with 1M 

Bu4NF.3H20 in THF + CsF1, afforded a 73:27 mixture of 3a and 4a (Scheme 1), with 3a consisting of 72:28 

(S) : (R) and 4a consisting of 59:41 (S) : (R). The ratios did not change with time, and from various controls 

we concluded that the products, once formed, were neither racemizing nor interconverting under the conditions. 

Although no recognizable pattern emerged, we found that the ratios of fluoroacid to chloroacid, as well as the 
enantiorneric proportions, varied with solvent and temperature (see Table 1). The best results for enantioselective 

conversion of (trichloromethyl)carbinol I to fluoroacid 3 were achieved with excess Bu4NF.3H20 plus CsF in 
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dichloromethane at 0-5 °C12. Curiously, chloroacids were in all cases formed with lower enantioselectivity than 

the corresponding fluoroacids. 

Scheme 1 

o . . 
rac-1 2 (R)-I 

wco . I 
+ c ,  m = 

F m = 3 ,  n = 5  

(S)-3 (S)-4 

R = a C-,9H19; b CH3CH2C--C(CH2)a; ¢ CH~(CH2)~C--C(CH2)s; d C4H9 

The fact that (R)-ld was converted to (S)-(-)-2-fluorohexanoic acid (3d)14 of known absolute 
configuration is consistent with the mechanism outlined in Scheme 1. The clean inversion of configuration in 

CH2C12 is indicative of an SN2 opening of the dichlorooxirane by fluoride, consistent with the stereochemistry 

of gem-fflchlorooxirane ring opening by other nucleophiles.S The moderate stereoselectivity ofchloroacid 

formation may be attributable to the occurrence of both intermolecularl5 or intramolecular16 chloride transfer, 
with the latter possibly involving different mechanisms. From a practical standpoint, the use of Bu4NF.3H20, 

which presumably acts as both base and nucleophile, is crucial for the fluorine intr(xtuction (no conversions of 
carbinols 1 to fluoroacids have been successful in the absence of Bu4NF). "Partially dehydrated" (40-45 °C / 

0.25 mm, 5 h.) tetrabutylammonium fluoride (Table 1, entry 8) seemed to favor fluorination over chlorination 
(3/4 - 87:13), most likely as a result of increased nucleophilicity of fluoride.iT However, probably due to its 

high basicity, this reagent also promoted retrocondensation of the (trichloromethyl)carbinol 1, thus lowering the 

yield of fluoroacid. In contrast to the dried reagent, the use of exposed-to-air tetrabutylammonium fluoride 

(entry 9) significantly decreased fluorination in favor of chlorination. 

We next turned our attention to chiral synthesis of two unsaturated 2-fluoro acetates (Scheme 1), the 
analogs of the European corn borer, Ostrinia nubilalis (Sa), and beet armyworm, Spodoptera exigua (5b) sex 

pheromones. Fluoroacid (R)-3b was reduced with LAH (1.2 eq., THF, -20 °C, yield 70-75 %), the resulting 

alcohol was acetylated (Ac20, Py, 20 °C) and then semi-hydrogenated (I-12, Pb-poisoned Pd/CaCO3, 

cyclohexene) to provide (R)-2-fluoro-(Z)-I 1-tetradecen-l-ol acetate ($a) (yield 65 % from (S)-3b), [a]25D - 

4.58 ( c 0.94, CHCI3). The enantiomeric purity of the intermediate acetylenic fluoroalcohol, determined by GC 

analysis of the corresponding Mosher ester,18 was 92 %. Analogously, (S)-3b was converted to (S)-5a ( 62 

%, [a]25D + 3.68 ( C 1.58, CHCI3), ee 90 % ), and (S)-3e to (S)-Sb (60 %, ee 92 %, [ot]25D + 4.40 ( c 1.01, 

CHC13).19 

From preliminary assays (S)-5a and (R)-5a displayed remarkably different behavior eliciting properties 

against the European corn borer. The (R)-enantiomer mimicked the natural pheromone, while S was 
behaviorally inert. Complete bioassay data will be reported elsewhere. 
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Table 1: Synthesis of optically active fluoroacids 3 and chloroacids 4 from trichloromethyl 
alcohols 1 

Entry Starting Reaction 3 / 4 a Fluoroacid 3 Chloroacid 4 
alcohol conditions yield b, % ee¢, % (R/S) eec, % 

1 (R) - l a  CH2C12, 0-20 °C 67 : 33 51d 94 (S) 

2 (R) - l a  DMSO, 0-20 °C 86 : 14 66 (S) 

3 ( R ) - l a  THF, 0-20 °C 73 : 23 44 (S) 

4 ( R ) - l b  CH2C12, 0-5 °C 70 : 30 53e 90 (S) 

5 ( S ) - l b  CH2C12, 0-5 °C 75:35  60f 92 (R) 

6 ( R ) - l b  CH2C12, 20 °C 60 : 40 35 86 (S) 

7 (R) - Ic  CH2C12, 0-5 °C 72 : 28 53g 94 (S) 

8 (R) - l c  TBAF:H20 (>1:3) 87 : 13 42 94 (S) 
CH2C12, 0-5 °C 

9 ( S ) - l b  TBAF:H20 (<1:3) 45 : 55 28 90 (R) 
CH2C12, 0-5 °C 

10 ( R ) - l d  CH2C12, 0-5 °C 80 : 20 50 90 (S)h 
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* Determined by GC analysis of methyl esters, b Isolated yield after flash chromatography. All new compounds gave satisfactory C, 
H analyses, c GC of corresponding (S)-a- methylbenzylamides (Ref. 13) d Racemic fluc¢oacid was characterized in Ref. 1. e 
[CQ25D - 6.5 ( c 0.56, CHCI3); spectral data of rac. acid arc presented in Ref. 1. f [(1125 D + 6.7 ( C 0.57, CHC13). g [(z]25 D - 6.6 ( c 
1.15, CHCI3); 1H NMR of methyl ester (300 MHz, CDCL3): 0.91 (t, 3H, J = 6.3 Hz), 1.44 (m, 12H), 1.80 - 1.98 (m, 2H, H-3), 
2.14 (t, 4H, J = 6.3 Hz), 3,80 (s, 3H, OCH3), 4.91 (dr, 1H, 3JHH = 5.8, 2JHF = 49.0 Hz, CI-IF); 19F NlvIR (283 ]v[I-Iz, CDCI3 / 

CC13F'): - 192.6 (dt, 3JHF = 26,3 I-Iz). h [Gt]25 D - 11.4 ( c 1.25, CHC13); Lit. 14 ee 68.5 %, [ct]25 D - 8.68 ( c 1.3, CHCh). 
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(see also Ref. 1 for l a  and lb).  1,1,l-trichloro-9-tetradecyn-2-ol (lc): XH NMR (CDC13, 300 MHz): 0.91 

(t, 3H), 1.30-1.55 (m, 11H), 1.56-1.65 (m, 2H), 2.05 (m, 1H), 2.15 (m, 4H), 4.00 (dd, 1H, J -- 9.3 and 1.8 

Hz, CHOH). 1,1,1-trichloro-2-hexanol (ld): 1H NMR: 0.95 (t, 3H), 1.41 (m, 3H), 1.63 (m, 2H), 2.06 (m, 
lH), 4.01 (dd, 1H, J = 9.6 and 2.0 Hz, CHOH). 
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i 0. Oxidation of  the racemic alcohols 1 using 2.2 eq. of  (COC1)2 and 4.8 eq. of  DMSO, as described by 

Mancuso, A. J.; Huang, S.-L; Swern, D. J. Org. Chem. 1978, 43, 2480-2482, and subsequent flash 

chromatography on SiO2 with hexane-ethyl acetate, 98:2 provided ketones 2 with 70-80% yield. 1,1,1- 

trichloro-11-tetradecyn-2-one (2b). IH NMR: 1.11 (t, 3H, J = 7.5 Hz), 1.25-1.50 (m, 10H), 1.73 (tt, 2H, Jl 

= J2= 6.1 Hz), 2.13 (m, 4H), 2.97 (t, 2H, J = 7.2 Hz, CH2C=O). 1,1,1-trichloro-9-tetradecyn-2-one (2c). 1H 

NMR: 0.91 (t, 3H, J = 7.2 Hz), 1.32-1.55 (m, 10H), 1.76 (tt, 2H, J1 = J2 = 6.9 Hz), 2.15 (m, 4H), 2.99 (t, 2H, 

J = 7.5 Hz, CH2C=O). 

11. Reductions of  ketones 2 were conducted at -78 °C for 24 h as described in Ref. 8. (R) and (S)- 
trichloromethyl alcohols 1 were isolated by flash chromatography on silica gel with hexane-ethyl acetate, 

10:1. Enantiomeric excess of  1 was determined by GC analysis on Cyclodex-B capillary column, and the 

absolute configuration was assigned on the basis that (S)-oxazaborolidine catalyst led to (R) alcohols.S (R)- 
la :  yield 95%, ee 96%, [Ct]22D + 24.2 (C 1.49 CHC13); (R)-lb:  90%, ee 94%, [ct]25 D + 22.2 (c 0.54 CHC13); 

(S)-lb: 88%, ee 92%, [Ct]Z4D - 19.9 (C 1.35 CHC13); (R)-Ie: 90%, ee 94%, [ct]25 D + 22.2 (c 0.54 CHC13); 

(R)-ld:  86%, [~]25D + 31.7 (c 1.80 CHCI3); 

12. A mixture of  CsF (3 mmol) and Bu4NF.3H20 (3 mmol, Aldrich) was stirred under nitrogen in dry CH2C12 

(5 mL) at 25 °C 15 min., then cooled to 0 °C and a solution of  (R) or (S)-I (0.3 mmol) in triethylamine 

(0.2 mL) was added at 0-5 °C. After stirring for 1 h at 0-5 °C, then 1 h at r.t., and concentration in 

vacuo, the product was partitioned between 10% HC1 and ether / hexane (1:1). Acid-base partitioning with 

15% NaOH and 10% HCI, extraction of the acidic products with 1:1 e ther /hexane ,  and flash 
chromatography on silica gel with hexane / ethyl acetate (5:1) containing 0.3% CF3COOH, afforded 

fluoroacids 3 and chloroacids 4 (Table 1). A small amount (3-5%) of  a byproduct, which we believe to be 
the corresponding 2-hydroxyacid, was also found in the acidic extract. 

13. Acid 3/4 (ca. 1 mg, either in a pure form or as a mixture) was treated with oxalyl chloride (3 gL) and a cat. 
amount of  DMF in CH2C12 for 3-4 h. After evaporation in vacuo, the residue was treated with (S)-ct 

methylbenzylamine (3 p2~) in benzene for 3 h, and the resulting amides were analyzed by GC on a SPB-1 

capillary column (60 m x 0.25 mm, film 0.25 lain, Suppelco). 

14. Kalaritis, P.; Regenye, R. W.; Partridge, J. J.; Coffen, D. L. J. Org. Chem. 1990, 55, 812-815. 
15. Elimination of  hydrogen chloride from the alcohol 1 provided extemal source of  chloride which can 

compete with fluoride in the epoxide ring opening. 
16. Reeve, W.; McKee, J. R.; Brown, R.; Lakshmanan, S.; McKee, G. A. Can. J. Chem. 1980, 58, 485-493. 
17. Landini, D.; Maia, A.; Rampoldi, A. J. Org. Chem. 1989, 54,328. Cox, D. P.; Terpinski, J.; Lawrynowicz, 

W. J. Org. Chem. 1984, 549, 3216. 
18. Mosher esters were prepared from (+)-MTPA according to Sreinz, L.; Valterova, I.; Wimmer, Z.; 

Budesinsky, M.; Saman, D.; Kohoutova, J.; Romanuk, M.; Vrkoc, J. Collect. Czech. Chem. Cummun. 1986, 

51, 2207, and analyzed by GC on a SPB-1 column. 
19. 1H NMR (CDC13): 0.90 (t, 3H), 1.32 (m, 12H), 1.40-1.77 (m, 2H, CH2CHF), 2.02 (m, 4H), 2.11 (s, 3H), 

4.05-4.30 (m, 2H, OCH2), 4.67 (drn, 1H, 2JHF = 49.5 Hz, CHF), 5.35 (m, 2H, CH=CH). 19F 

(CDC13/CFC13): - 187.7. 
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