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An insect juvsnils horum fiuoroanalog, methyl 10-fluoro-10,fl-apoxyfarn48oat4 
f91, haa been prepared, using tandsn Claisen-Cope rearrangerents on fluorovinyi 
intsmedistc 1 as a crucial step. Along this synths~is c&mica). and 8pectral 
data have bttn obtained that l ipht question toat applications of fluorovinyi 
derivatives in tha design of bioactlva organic compounds. 

The wiqw properties of fluorin4 have been ridsIy used to modify the behbvlor of bioactivo 

compounda. Th4 414ctrowwithdrawing character of this halw4n confars a strong polarization to the 

carbon wite involved, while prsssrving ths topoiogy and lipophilicity of the original aoleculs. 

fha overall effect frequently reaulte in a dsactivation towards detoxifying m4t.abolinm1. 

In particular. this strategy hy been l ppl5td to the caac of fluorovinyl coapounda. Thus, 

savarai reports have btsn publiehrd in which introduction of fluorina into carbon double bonds of 

bloactive molecules haa been carrltd out with ths aia of enhancinp the chmlcal and metabolic 

atability of this moiety 
2-5 

. Xorsover, results from thermodynamic atudlcs have aleo lrd to the 

conclusion that it ehould be a net energy stabilization gain rn monofluoro and ger-difluoro- 

cthylenlc systtrr, in coaparloon with their hydrogen counterpartr 
6 , 

With theme mtecedmta in rind, and pursuing our interest in th4 study of organic fluorinat4d 

mapounds aI) analoga 
‘, 

and antagonists 0 of insect juvenile hornon44, WC conttaplat4d VW 

introduction of fluorlnc atom in the vtcinlty of th4 tarmlnal double bond of methyl farncsoatc, 

the inttncdiata which is spoxidittd by a P-dM sy8tbr in the final biosynthetic step leading to 

fuvanilt hormons III in saveral insect ordsra’. 

In the present paper. we report on the synthesis of cmpound 6. a fluoroanalog of asthyl 

fumsoatt beulng the halopan atom on the tsrmrnal double bond of the aesquiterpenc chain. 

Likerise, assays on the epoxidation of 8, a(1 well am selected 

synthetic interrsdiates. which right queation the putative 

moiety, are aleo discussed. 

XSSULTS Am DISCuSSIow 

spectroscopic features of diffarsnt 

deactivation effsct of fluorovinyl 

The synthetic sequence used for ths pmpamtion of fluoroepoxid4 9 is depicted in the Scheme. 

$ priori. fm othst syntha~s of Jfi 111 analoga carried out ISI our laboratory 1**11* tro crucial 
steps tight b4 anticipated in this cae4, i.e., the tan&m Claim?+COP4 rsarrang4aenta d4mign4d to 

convsrt eater I into the monotarpene interwdtate 8. and tha final regio8eiectivs spoxidation of 
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tl.c fluorofarneaoatc 8. Both processes involved the direct partlclpatlon of the fluorovlnyl molsty 

and. to our knowledge. there were no precedents in the literature for predlctlng the couraa of 

thtaa reactlone. 

me use of tan&m Clalaan-Cope reurangmnta for chalnlengthanlng allylic alcohola in an 

leoprens unit was flrat described by G. FrYtar” in the preparation of insect juvenile hormones. 

However, in the case of JH III, the lack of aterco~peclflcity of Cope rearrangement led to the 

fomatlon of E/Z lsowrs both at the inner and conjugated double bonds of the aeaqulterpena __ 
reaction product. On the other hand, Ireland et al. 13 Independently publlshed a detailed l tudy on 

the attrtochenlcal outcome of the eater tnolate Clsrstn rearrangement. 

Concarnlng to the Clalatn and Cope rearrangerents carried out with fluorinated coopounda, 

there have been several reports ln the literature. although we have not found any l xu~le dlrsctly 

related to our case. Thus Yokotara et al. l4 atudicd the o-allylatlon of & p. B-trifluoropropionlc 

esters via the cnolate Clalatn rearrangement of 2-alktnyl trrfluoropropionatss, and mre recently. 

Welch and Saurtlno 
15 

reported examples of dlastcrcoaelectlvc eater anolate Clalsen rearrangementa 

of ally1 fluoroacttatca. It 1s worth to point out that ln both caaea fluorine was linked to a 

carbon atom of the acyl part of the molecule. and although the formation of the lntemedlate 

enolatc supposss the conversion of the above ap3 carbon atom Into a sp2 hybrid, rearrangerent re- 

stored the original saturated character of that atom. 6 According to the raaulta of Dolbler et al. , 
th@re 1s a thtroody~lc 8tabilitatlon of the saturated C-F in front of the vlnylic -C-F. Thle 

dlffersncs might be the drlvlng force that favored the course of the rearrangement. Finally. 

Metcalf et al. 
16 deacrlbed Clalacn rearrengemcnte of compounds containing two fluorine ators ln 

either the ally1 or the vinyl fregwnts, but sgaln in the final products the fluorine at01 was on 

a saturated carbon atom. 

Ylth these antecedents. we carried out a prslimlnary assay on the ester snolate Clalaen 

rtarrangewnt of trttr 1. Reaction took place smoothly and acid 3 was Isolated ln 75% yield. In 

thla cam. both the l tartlng compound and the product contained a vlnyllc -C-F. which conflrwd 

that even In the ab8ence of the above nntloncd driving force. fluorovlnyl moletlta becore 

stabilized enough to allow these reactions to proceed. Furtherore, when the Cope rearrangement on 

acid 3 was l tteqtcd under moderate therasl conditions (rcflux ln N.N-dlwthylforruldt). a 9:1 __ 

2E:22 leoncrlc mixture ( 19 F W*R) of acid 4 wae laolated Ln 74% yield. Again, a smooth 
- _ 

rearrangement from a fluorovlnyl moiety into another had taken place. Finally, when we carried Out 

th* above coablned Claixsn-Cope proccaasa on fluomcster I. in a one pot reaction, a 70% overall 

yield of 4 was obtained. Scparatlon of isomera was acconpllahcd by flash chromatography Of the 

corresponding methyl eaters. 

The above mentioned works of FrYttr 
12 

and Ireland et al. 
13 on the attrtochem~cal course of the 

Claleen and Cope roarrangsmente. discourutd us frca ualng a second tandem tranIlformatlon for 

lengthtnlng the ronoterptne lntenedlatc 5 in one lsoprenc unit. As l ltsmatlve, we turned t0 the 

eynthctlc approach reported by Lltdkc and Djtrassl 
17 , with some lmprovewnt9, rhlch baalcally 

lnvolvtd an lnltlal l cetiacetic condensation on the bromodtrlvate 6 to give fluorinated ketone 7. 

Subesquent Hornet--I!- olefination afforded fluoroesttr 8 a8 a 24:X_ 74:26 mixture (CLC). rhlch 

warn etparattd by pmparatlve TLC. 

The other synthetic etep rhlch could be influenced by the presence of fluorlnt waa the 

rsgioaslactlvs converalon of fluarofamssoatt 8 Into the cpoxldc 9. Literature about fluorc- 

spoxldes 18 scarce. although Atlani and Leroy 
16 

reported the preparation of monofluoroepoxidsa via 

the dehydrohalogenation of halohydrlns and they found that these fluorinated epoxldta wrt 

thermally unstable. More recently, Leroy reported the _r-chloroperoxybsnrolc acid epoxldatlon of 

several 1.2-dlfluoroethylcqlc compounds. The corrtapondlng epoxldes were laolated in good yield8 

with the excaptlon of that coming from a styrent dtrivatc. rhlch was not even detects J9 . On the 

other hand, we have recently observed that cpoxldation of double bonds bearing trifluoronethyl 
11 

groups dld not occur under ccnvcntional paroxyacld treatment . 
Ylth theme mtecodents, a prcllmlnary assay on the epoxldatlon of flWrWater 4 with 

m-chloroperoxybenrolc KL~ ln dcuterochloroform solution waa l tteqted. Mnltorlng the reactlon 
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course by IWI. at the temper8tur~ of the probe f32sC1, showed that conversion r‘s rapid and clean 

to afford the expected flumepoxida in nearly quantitative yield. Identlficatton of this compound 

was carried out by spectral means. ThUa, fluorine absorption In the “P KIW 8pectru l ppaarsd .s a 

tripiat at -60.5 pa (Jai8 Hz). which wu wproxiacltsly -23 pp shifted in coaparimn with that of 

the preculror fluoroolafin, ~sstlng M isportent ehhahceamt of electron density in the 

vicinity of fluorine, as expected fror the pressncs of an oxiran rinp. Additionally, the shift of 

the terminal methyl groups l boorptions il.44 end 1.29 ppml, when compared to those of fluoroester 

4 (1.64-1.56 ppml in the ‘H MUi spectrum. confirmed the sssl~hstion. 

This result, which indicated that a aonofluorlnatod double bond airiler to that occurring in 

fluorofsrnesosts 8 vse not deactivated towards peroxyecid epoxidetion, was sncour~plng enough to 

assay the epoxidation on this substrate, in which a previsiblc competition between fluorinated end 

non-fluorinated double bonds could take piece. Accordinply, as shown in Table 1, epoxidatlon of 8 

wm carried out at differant temperatures and parallel control exporifwnta vcre also performed 

rlth methyl farneaoate under the same conditions for comparison purposes. 

c. d 

h,i j - o- 
F 7 F 8 

k 
c CY 

(a) LDA/THF/-75’C; ibt (CH,l,SiCl/-754 to 25’C/ 1 h: (cl DHF/ 
150°Cfl h (9:l Z&:2& 78t overall a-c); cdl CX,I/KIC0,/acetonc/25*C/24 h 
(82q in 2E isomer); (8) LAH/cthar/> C/l h (94tl; (ft iCF,COl,O/ 

pyridine/THF/-20*C/lS min; fgl LiBr/THF/iiMPA/-20°C/1 h (85\ overall a), 
ChJ K’BuO/CH,COCH,CO,C,X,/dioxsnc/ZS9C/18 h; f i) LMSO/H,O/NaCl/ 
170E13 h (801 overall h-f); 
60°C/12 h (74b in 2E is=rl; 

i )t WaHl iCH,Ol ?P 101 CH,CO,CH,/benzcne/ 

(kl _ML’PiWCH~C1~/45*C/l h OOI) . 
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Thus, in the rsactlon rlth eater 8, low temperatures favored the reg~osalective apoxidatlon 

of the non-fluorinated. inner double bond. This is in contrast rlth the results obtained rlth 

methyl famaaoata. in which It is known that sterlc factors datemine higher epoxIdatlon ratea at 

the temlnal double bond. Therefore, it seems that fluorine does induce sow sort of deactivation 

towards elsctrophilic attack on the olefin. At higher rsactlon temperatures. converalcn of 9 was 

faster and the fornation of fluoroester 9 was rapldly incrcaslng until a 1:l epoxldes ratio was 

attained by perfoming the oxidation at ASeC. 

Table 1: A555ys on the epoxidatlon of methyl farneeoate (FIF) and methyl lO-fluorofarnesoata (8) 
with an equlmolecular amount of m-chloroperoxybenzolc scid in dichlorwethane, at dlfferent 
temperaturesa. 

T(‘C) 8 MF 

9b.c 9c 6.7~epoxide= ,,Fb.d lO.ll-spoxided 6.7-cpoxided diepoxlded 

-20 30 0 70 

0 20 20 60 

20 30 25 A5 

A5 20 A0 A0 

1A 57 9 19 

26 32 19 26 

5 For more detslls. see Experimental. 

E ;::::;:z: z:t;::;t;; nr,t&g compound. 

d Percentage estimated by CLC. 

Another feature from this study was that related to the formation of a dlepoxlde. It is also 

known that peroxyacld epoxldation of methyl farnasoate gives an important amount of the 

corresponding dlepoxide (eee Table l), which mostly comes Iron further oxidation of the 

6.7~epoxyderlvatlve. However, in the case of fluoroester 8, we were not able to detect the 

formatton of the corresponding dlepoxydarivatlve under the reaction conditions’ueed. This fact 

could also be rstlonallxed as consequence of the deactivation induced by fluorine on the double 

bond. Thus, these data indicate that fluorovinyl moleties are less reactive than their hydrogen 

counterparts towards peroxyacid epoxldatlon. although the effect does not appear to be so strong 

as it occur5 in systems like those In which s trlfluoromcthyl or a carbonyl group are lInked to 

the double bond. 

In another context. IR and 
13 

C NWR spectral data of fluorovinyl cwpounda also deserve some 

comments. Concerning to tha IR of fluorovlnyl compounds 
20 , ~otermediates without carbonyl groups, 

-1 
such as alcohol 5 and bromoderrvatlve 6. shored a misleading absorption at 1720 cm , which should 

be assigned to the stretching vlbratron of the fiuorlnatcd double bond. The hlgh frequency of thin 

absorption suggests that the net result of fluorine influence on the olefrnic moiety could be an 

enhancement of the bond order, probably through a backdonation effect from the p electrons of this 

halogen atom. 

Llkerise. 
13 21 

C NMR sbsorptions of fluorovlnyl carbon atoms reported in the literature and 

those from our present study support the hypothesis that fluorine exerts that backdonatlon along 

rrth the electron-withdrawing inductive effect. Thus, as an example in fluoroeater 8. the 

aboorptlon assigned to C-10, the carbon atcd? supporting the fluorine, occurs at 154 pp.. Thls 

value 1s shifted only 19 ppm when compared rlth the absorption of a quatemery carbon atom such as 

C-7 (135 ppa). this shift is much smaller than that observed 1” the corrcapondlng replacement of 5 
22 

carbon by a fluorine at saturated carbon at-8 (approximately 60 ppn ). Indicating that some 

counterbalance to the purely Inductive effect of the fluorine should occur at the C-F bond of 

fluorovinyl derivatives. In addition. the comparison of the corresponding C-11 absorptlons In 
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fluoroaatar 8 and aathyl fameaoate23 (107 and 131 ppm. respectively1 aeeas to confirr tha above 

hypotheaia. In fluoroeator 8, C-11, the olefinic carbon ator not directly linked to fluorine is 

ahieldad indicating a not l lactron density gain on its envircna-ent. 

In a-y, a l traightfonrard preparation of JH III fluoroanalog 9 has been carried out 

involving tandea Claiaen-Cope rearrangrwnts on fluorovinyl intermediate 1 as a crucial step. The 

whole sequence comprised ten steps and epoxide 9 was isolated in 9% overall yield. On the other 

hand, chemical and apactral characteristics of tha fluorovinyl group have been obtained along this 

synthesis that might qwation a- applications of this moiety in the design of bioactive organic 

compounds. Our data indicate a dual opposite effect of fluorine atoa on the double bond carbon 

l tms of the fluorovinyl group: an inductive electron-withdrawing effect that acts aainly on the 

carbon atom directly linked to the halogen, counterbalanced by a backdonation from the fluorine 

atom to the r olefin electronic system. As a net result, the double bond is much less deactivated 

that might be a priori expected. Consequently, the fluorovinyl derivatlvea should be not much ore 

stable than their corraspondlng hydrogen counterparts against envir-ntal and metabolic 

degradations. 

Preliminary results on the biological activity of the compound 8 as a potential JH bio- 

ayntheais inhibitor and some observations from this laboratory on the cheriotry and activities of 

fluorinated analoga of insect sex pherocPones seem to agree with the above statements. Further 

confirmation of this dual effect by theoretical calculations is now in progress and will be 

reported elsewhere in due time. 

ILxPKJtRImAL SCCTION 

IR spectra were run in carbon tetrachloride solutions on ; Pm-kin Elmr 399 B inotrummt. NBlR 
spectra were recorded in deuterochloroform solutions (unless otherwise stated) on a Bruker UP-80 
SY apparatus operating at 80.13 ISir for %i. 20.15 MHz for ‘% and 75.39 IWr for lgF. The fluorine 
chemical shifts are reported in 6 PW units using a 1% solution of trifluoroacetic acid in 
deuterochlorofora aa external standard. CC/MS analyses with electron impact were performed with a 
Hewlett-Packard model 5995-C inotrwnt. using a OV-101 glass capillary column (25 ml. 
Microanalyses were performed rlth a Carlo Hrba model 1106 instrwnt. 

2_Cluoro-3-mthylbut-2-enyl %.sthylbut-2-enoate (1) : 
A mixture of 3_rethyl-2-butenoic acid (17.8 g, 0.18 sol). 2-fluoro-3-wthylbut-2-eno124 (14.8 g, 
0.14 m01). N.N’-dicyclohexylcarbodiiaide (39.2 g, 0.19 roll and N,N-diwthylamlnopyrldine (I.71 g, 
0.014 roll Tn-dichlorouthane (350 al) was stirred for 24 h at FSrC. Then formic acid (5 ml) was 
added and the crude reaction l lxture was stirred for 5 q in and flltered through Celite. The 
residue obtained after solvent eliaination was purified by flash chromatography (9:l 
hexane:etherl, to furnish eater 1 u a colorless oil (22.8 g. 8sXl. IR: v = 1740; 1660 cc1 ; lH 
NNR: 6. 5.80Cbr a.lHl; 4.70(d.2H,J=22Hrl; 2.18(d.3H.J=1.5Hr1; 1.9O(d.3H.J~lHtl; 1.72ta.3H3 and 
1.70 (a.3H). 
Calculated for CloY16F02: C=64.52:H~8.06. Found: C=64.66;H:8.1?. 

~lluoro-2,4,Ctrirs~l-2.5_heudien-2~~~l~c acid (31: 
A solution of ester 1 (1.0 g. 5.4 roll in tetrahydrofuran (5 ml) was added droprlse to a 0.5 M 
solution of lithium diiaopropylamide in the s- solvent (5.7 ml). maintained at -75*C, and the 
mixture was stirred for 3.0 ain at that temperature. Then, trimethylsilyl chloride (0.60 g. 5.5 
~1) was added and the reaction mixture was slowly warmed up to room temperature (2 h) and heated 
under reflux (1 h). After the careful addition of rater (1 ml), the crude reaction mixture was 
poured into 1.5 N sodium hydroxide solution (20 ml) and raahed with ether. The aqueous layer vaa 
acidified. extracted with ether and the organic extracts were washed with rater and dried over 
magneslw sulphate. The residue obtained after solvent evaporation afforded the acid 3 (0.76 g, 
76%), which was charactarised as mthyl ester (vide infral. ‘H WA: 6 a 5.07(2H); 4.68-4.06 
(complex,ZHl; 3.39(s.lH); 1.87(d.3H.J~lHrl; 1.30(s,3Hl and 1.26(s.uIl. 18 NM: 6~ -27.lidd.J 251, 
J2a19 Hz). 1 

A solution of acid 3 (0.186 g, 1 mm011 in acetone (10 ml) was treated with potassium carbonate 
(1.38 0, 10 snol) and iodomethane (0.28 g, 2 mol) and the mixture was stirred for 12 h at row 
tcrperature. Then. hexane (20 ml) was added and the crude reaction l rxture uaa filtered. The 
Ellalnation of solvent afforded the expected methyl est@r aa a colorless oil (0.190 g. 95%). 1H 
NnR (c8D61: 6= 5.15fbr.2H); 
3.42fs.3H:; 1.9O(br.3Hl; 1.38(a,3Hl; 1.34cs.3H). 

4.32(dd,lH,+ 251~52 ~~‘L~.‘,“‘_dd;XtJl,;~~~J:;3~~) 3;63;,a,;Ui;i 

89(d.J=22Ht); 57; 51; 41(d, J.2Hsl; 24.23.7fd,JzU(tl; 22.4. Ws: m/e= 2oO(“‘j;=leO(“*~-W);‘l69~~ 
-OCH3). 
Calculated for C11HlJ02: C-66.OO;H=8.50. Found : C.66.21;Hg.56. 

6-Pluoro-3.7-dl~atJiy1-2,6-dienoic acid (4; LHl 
A solution of 3 (0.70 g, 3.8 mall in N.N-dlmthylforaaalde (4 ml) wan heated under reflux for 1.5 -_ 
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b. the crude reaction mixture was poured into 1 N eodlum hydroxide aolutlon (50 ml), ruhed with 
ether and the aqueous fraction wu acidified and extracted with l th4r (3x10 ~1). The acid organic 
extract4 were raahsd with rater and dried over magnesiw sulphate. Removal of solvent under YKUU 
afforded acid 4 am a 9:l 2E:2t (191 m) loomeric mixture (0.520 0. 7*x), rhlch wu charsctarlxod 
through the rempectlve re&yr eaters (vide lnfta). IR: v ~3300-2700; 1705; 1640 lli MlR: 6 I 
5.72 (br,lH); 2.8-2.2(corplex.OH); ~.17(d.3H.J.l.SHt): 

crid 
1.65-1.6O(complex,6MH). r Ian: u= 

-36.5(t.J.l3Hx). 

Chw pot truuforutlon of eater 1 into acid 4. 
A xolutlon of eater 1 (5.0 8, 27 roll ln tetrahydrofuran (10 ml) wae added dropulmo to a 0.5 I 
xolutlon of LDA in the e&w solvent (60 ml), malntalned at -75.C. The mixture I)” stirred for 10 
mln at that temperature and trlwthylsllyl chloride (3.2 p, 3O wol) wan added. Then, atirrlng wae 
continued until the mixture l lwly reached roa teqorature (approx. 1 h) and a dlatlllatlon 
symtsm warn adapted to the reaction flaak. After heating for 1 h at 5O@C, z,z-dlmathylforrulde (40 
ml) wan added and the mixture was heated up for 1 h at 15O*C. Uork-up of the crude reactloo 
mixture l e deecrlbod above led to the isolation of acid 4 aa a 9:1 2!:24. (19P IIR) leoaeric 
mixture (3.90 p, 78% overall). 

Methyl 6-fluorw3,7-dlmthyloctr-2,6-dlenoab (4; R=CH3). 
Potaasalua carborute (46.5 p, 0.34 mol) and lodomethane (36.0 g. 0.25 mol) were added to a l olutlon 
of acid 4 (15.6 g. 0.084 mol) in acetone (Jo0 ml). The mixture was stirred until reaction warn 
completed (24 h. 25*C). Treatmoot of the crude reaction mixture am described above for retJ1y1 
ester 3 led to a resldue contalninp methyl enter 4 (15.9 g, 95%) lo the @ame lmmeric ratio u the 
parent acid. Separation of laomere wan l ccorpllshed by flash chromatography (95:5 hexurs:ether) to 
give pure emter 21. (13.8 p. 82%) and 22 (1.51 g, 9%). 
zt I-r IR: VI i715; 1645; 1280 c.-l: 1H MR: 4 = 5.69(q,lH.J=lHr); 3.6wo.W); 2.6-2.2(c~lex, 
4F); 2.17(d,3H,J=1.5Hx); l.M-1.56(complex.6H). 19~ WR: b- -36.5tm.J m15.J -3Hx). 1L W: 6 - 

167; 160; 154 (d.J.242Ht); 124; 107(d.J=18Ht); 50.5; 37.5; 27.5(d.J=3’%lt); 18.6; 17.Nd.J~@Hz); 
15.3(d,J.9Ht). MS: r/e- 2OO(W*l; l@O(M*-RF); 169M+-0CH3). 
Calculated for C11H17F02: C&6.OO;H.8.50. Found : C~o5.79;H~6.53. 

22 I-r IR: v I 1720; 1645 cm-’ . 1 H WR: 6~ 5.62tbr.lH); 3.65(a,W); 2.5-1.7(complex,4H); 
1:82(e,UI); 1.64-l.%(conplex,6H). 19F NM: 6. -36.0(t,J=lSHz). 

~t)-6-llwro-3,7dlw~l~~-2,6dlenjl brorlde (6). 
A-solution of seter 4 (4.0 g, 20 llrol) in ether (20 ml 1 warn added dropvise to a l uepension of 
lithium l 1Llrinlw hydrlda (0.60 p, 20 mol) in the xw solvent (20 ml), ulntalnod at -2O*C, and 
the mlxture was stirred for 30 l in at that temperature. Aft’er the careful addition of rater, the 
crude reaction mixture “aI) filtered and dried over magnesium sulphate. fllmlnatlon of solvent gave 
the corresponding fluorinated alcohol 5 (3.23 g. 94X, over 98x purity by CLC). IR: v- 3600-3200; 
1720; 1645; 1020 cm-l. ltl NWt: 6. 5.42(t,lH,J=7Hr); 4.15(d.ZH.J~rHt); 2.6-2.0(c(uplex,rUI); 1.75(s. 
3H); 1.65-1.55(complex,6H). “F NW: 6, 
Calculated for C10H17F0: 

-36.2(t.J~lBHs). MS: a/s~l72(11*); 154(M+-H20); 152(W*-W). 
C=69.77;H=9.68. Found: C-69.52;H.lO.Ol. 

Following a method recently developed in our 
25 

laboratory pyrldlne (2.37 g, 30 nrol) and 
trlfluoroscstlc anhydride (4.62 g, 22 -1) were added to a sdlution of fluoroalcohol 5 (3.59 p, 
20 -1) in tetrahydrofuran (25 ml). maintained at -2OeC. The mixture wae stirred until reaction 
wa* complete (15 mln), then concentrated to drynees and redlssolvsd ln pentane (25 al). After 
filtration and evaporation of solvent, the new residue, containing the corrempondlng 
trifluoroacetic eater, wan dissolved in tetrahydrofuran (10 ml). mixed rlth llthlum brceide (8.7 

p, 100 amol) and cooled down to -2O*C. Then hexamethylphosphorou# trlamide (10 ml) VU added and 
the mixture wan stlrrsd for 1 h at the same temperature. The crude reaction mixture YU poured 
into rater (200 ml) and extracted with pentane (5x25 ml). The jolned orpanlc extracta were “uhed 
rlth rater. dried over magneslur eulphate and evaporated under darknasa. The rexldue obtained 
after solvent removal wan identified as the browderlvatlve 6 (4.5 p. aprox. 90% purity by (XC). 
For characterlxation purpoear. an allquote of this crude was purified by bulb to bulb dlstillatlon 
(95-lOO*C/lO Torr). ‘H NUR: d= 5.56(br t.lH.J.‘Mx)i 3.98(d.2H,J*7lix); 2.6-2.l(~orpl~~.OH); 1.78(a, 

3H); 1.65-1.55(co(aplex,6H). MS: n/s> 236 and 236(M 1; 216 and 216(1(*-W); 157(1(*-Br). 

Calculated for C10H16BrF: C=50.63;tI=6.75. Found : Ca51.15;H*7.01. 

9-lluorob,lOdimthy1-5.~dacdlen-2-one (7). 
The bromide 6 (4.22 g. 16 mol) wan added to a mixture of ethyl acetoacetate (5.2 p, 40 ~1) and 
potassium tart-butoxide (3.6 g. 32 msol) in dioxane (100 ml) prevlously stirred at room 
temperatures 1 h. After stirring for 18 h at the same tcmperaturs. the crude reaCtlOn mixture 
wae neutrallred with aaonlum chloride (2 p). poured into rater (750 ml) and extracted with ether 
(5x100 ml). The organic extracts were washed with water and dried over magnesiru sulphate. The 
residue obtained after el lmlnatlon of solvents under ~XCUVI (5.6 g) wan rediemolved ln 
dlmethylsulfoxide (50 al) and rlxed rlth a solution of sodrum chloride (3 g) ln rater (4 ml). The 
mixture warn boated at 17OnC until no more carbon dioxide was evolved26 (3 h). Then, the crude 
reaction mlxture “a* poured into rater, dried over magnesium sulphate and concentrated under 
V.C”um. The resldue wae purified by flash chromatography 
colorless 011 (2.72 p. 80%). IR: “1 1720 cm-‘. 

(93:7 hexane:sthar) to give 7 u a 
1~ M4R: 6 - S.lZ(br t.lH.J=6Ht): 2.6-2.25(corplex. 

6H); Z.lO(br.W); 1.6-1.55(complex.9H). 19F NW: 6~ -35.6(t.J.21H+). MS: r/e> 212(M*); 192(w*-W). 
Calculated for C13H21FO: C.73.53;HA9.97. Found : C-73.60;H*9.63. 

lsthyl lo-fluorofarnom oati (8). 
A solution of dlmethyl methoxycarbonylnethylphosphonate (5.15 ,g, 28 mol) In benzene (30 ml) wan 
added to a suspenalon of aodlum hydride (0.67 p. 26 -1) in the came solvent (50 ml) and the 
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mixture wan l tlrrsd for 1 h at 25W. Then a solution of ketone 7 (1.50 g, 7.1 ~01) in benzene (10 
ml) vu added dropwiae. The crude reaction mixture rae atlrred for 12 h at 6O.C. cooled and poured 
into a 0.1 N hydrochloric acid solution (100 11). md extracted with pentarm (3x50 ml ). The 
organic ext.rw3.0 YWB washed with water and dried over magnesium sulphate. The residue obtained 
after solvent elimination (1.90 g. of a 76:24 25.22 lscmerlc mixture of 8. GLC) ra8 purified by 
prepuative thin layer chromato~aphy on silic&sl (three alutlona with 100:3 hexana:ethar 
solution), to afford the 24.6E 18-r (705 mg, 74%) and the 22.65 isomer (224 eg. 23%) as pure 
Cwpound8. 
8 (2e.6!, IR: VI 1725; 1645: 1225: 1150 w-l. ‘ti NM: .! 1 5.72(q.lH,J~l.WHt); 5.12(br t,lH. 
J.fHr 1; 3.72(11,3H); 2.7-2.3(cooplex,2H); 2.2(br,QH); 1.65-1.55(complex.QH). 19 P NIW: 6= -36.4 
(t,J=22Hs). 13.C IWR: 6. 167; 159.6; 154(d,J.242Ht); 135; 124; 115; 107(d.J=18Hr); 50.5; 40.7; 
36.5; 27.6(d.J=29Hr): 25.9; 18.6; 17.3(d.J26Hz): 15.7; 15.3(d,J.zQHrl. MS: m/c= 266(11* 1; 248(W* 
-HF) ; 237W-OCH3). 
Calcuiated for C16H25F02: C~71.64;H09.40. Found : &71.72;Ha9.36. 

8 (22.6~) IR: -1 VI 1720; 1650; 1225; 1150 co . lH NW: 6 _I S,Wbr,lH); 5.12fbr t,lH,J=6Xz); 
3.72ra,sk); 2.&2.0(co&ex.8H); l.Q2(6,3H,J*lHr); 1.65-l.55(complsx.9H). 

&mxibtion w QI fluomfarneumta 8. 
A solution of ester 8 (2:,6E isomer, 0.027 g. 0.1 ml) in dichloromsthme (20 ml), maintained at 
the given teapsr~turs (see Table 1) we treated with a solution of an squlmolecular amount of 
m-chloroperoxybmzoic acid (0.022 p) in the same solvent 110 ml). The mixture wa(I stirred until 
TLC or GC uralyaia showed no more conversion of starting compound. Then, activated potassium 
fluoride (0.024 g, 0.4 mol) waa added and the crude reactton mixture waa stirred for 15 l ln at 
25W and filtered. The prows4 wan repeated to ensure the complete ellrination2’ of aromatic 
acids. Finally, evaporation of solvent afforded a residue containing the corrcspondlng mixture of 
unreacted ester 8 and of epoxldes at ClO-Cl1 (9) and at C6-C7, rhrch wan quantified by 19 F NHR 
(see Table 1). 
Likewise, an epoxldation carried out with 0.54 g (2 ml) of 8 and working at 45*C, led to a 
residue (0.59 g), which vaa purified by flash chromatography on 400 mesh silicagal (9:l 
hsxane:ethar) to give the lO,ll-epoxldarivative 9 (0.17 g. 30X). 
10.ll+poxi6srl*~tiva +i MIR: 61 5.82(q,lH,J.l.U(tl; S.O5~compltx,lH); 3.78(#,3H); 2.9-2.0 
(complex.4H); 2.lS(d.3H.J=1.5H+); l.Q-1.6(complex,ZH); 1.63(br,3H): 1.5-l.l(coll9lex,2Hf; 1.23(br, 
6H). “F NM?: 6 = -60.9(t.J-lbHr), MS: m/e= 284(W); 266b(M+-H20); 26d(W+-WI. 

6,‘I-spoxiQrivativs k NMR: 6= 5.72(q,lH,J.lHt); 3.68(s.W); 2.73(t.lH,J*bHz); 2.6-2.0(co&ex, 
OH); 2.19ld,JH.J.lHs); l.Q-1.5(coaolsx.4H): 1.65-1.55(complex,bH); 1.25(s,3Hl. ‘4 NNR: 6 s 
-36.8(t,JzU(x). MS: m/s .284(W): 261+*-~~0); 264(N*-WI. 
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