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Abstract
B,B’-Dihydroxy carboxylic acids and esters, readily prepared from dibromofluoroacetate and aidehydes, under-
went deoxygenation, followed by elimination of aldehyde by the action of vanadium(V) trichloride oxide at the
reflux temperature of chlorobenzene for 1 h to afford the Z isomers of o-fluoro-o, B-unsaturated acids and esters,
respectively, in fair to good yields. This reaction provides a new alternative entry to the stereoselective synthesis

of such fluoro compounds. © 1998 Elsevier Science Ltd. All rights reserved.
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a-Hydroxy or B-hydroxy carboxylic acids are known to undergo oxidative decarboxylation
[1] or decarboxylation-deoxygenation [2,3], respectively, by the action of vanadium(V) tri-

chloride oxide (VOCL,) or its derivatives. Notably, the latter reaction constitutes a direct route
to the synthesis of Gledns from B-hydroxy carboxylic acids. During the course of our studies
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on tne syn thesis and dpp} cation of o-fluorinated B-h"di'OX" carbonyl compeunds [4=9], we nave

found that o-fluoro-B,B’-dihydroxy carboxylic acids (1) and esters (2), accessible from di-

bromofluoroacetate and aldehydes [6], are subject to a novel type of reaction with VOCl,, giving
o-fluoro-a,B-unsaturated carboxylic acids (3) and esters (4) with Z stereoselectivity.
o-Fluoro-a,B-unsaturated acids and their derivatives are an important class of compounds
and are widely used as potent building blocks in organic synthesis, particularly in the prepara-
tion of biologically active compounds, such as fluorinated analogues of retinoids [10], phero-
mones [11], or pyrethroids [12]. Therefore, development of the synthetic methods for these

compounds is still required though a number of methods have appeared in the literature [13-23].
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OH OH -
chiorobenzene R F
n/\/\/\n + VOCla Dand + RCHO
. coor' reflux, 1 h H COOR
1: R'=H 3: R'=H
2: R'= Et 4: R'=Et

Table 1
The results of the reaction between B,8’-dihydroxy acids 1 or esters 2 and VOCl,

B.B-Dihydroxy acid 1 or ester 2 VOCl; Temp. Time Yield¥%

Entry R R lequiv. rC /h of3ord
1 la Ph Ph 1 80 6 3a 40
2° la  Ph Ph 1 80 18 —
3¢ 1a Ph Ph 1 120 1 3a 39
4 1a Ph Ph 1 refl. 1 3a 48
5 la Ph Ph 2 refl. 1 3a 70
6 1b p-MeCgHy p-MeCgHy 2 refl. 1 3b 76
7 1c p-MeOCgHy p-MeOCgH 4 2 refl. 1 3c 58

8 1d p-FCgH4 p-FCH 4 2 refl i 3d 5
9 ie p-CiC¢Hy p-CiCgHy 2 refl. i 3e 58
10 If  1-Naphthyl 1-Naphthyl 2 refl 1 3 75
11 1z CH,LCH,CH, CH;CHCH, 2 refl. 18 - 0
12 1h Ph CH3CHCH, 2 refl. 1 3a 55
13 2a Ph Ph 2 refl. 1 4a 6]
14 2b p-MeCgHy p-MeCgHy 2 refl. 1 4b 70
15 2c p-MeOCgHy p-MeOCH,y 2 refl. 1 4c 62
16 2d  p-FCgH, p-FCHy 2 refl 1 ad 66
17 2e p-CIC¢Hy p-CICgH, 2 refl. 1 4e 47
18 2f  1-Naphthyl 1-Naphthy! 2 refl. 1 4 58
19 2i p-CICeH, (CH3),CH 2 refl. 4 d4e 49
20 2j 1-Naphthyl (CH;3),CH 2 refl 4 af 47

¢ The yields are of pure products isolated by column chromatography.
" The reaction was carried out in benzene.
¢ The reaction was performed in z-butylbenzene.

providing a new alternative means for the stereoselective synthesis of o-fluoro-o.,3-unsaturated
acids and esters.

The starting dihydroxy acids 1 and esters 2 were easily prepared according to our previously
reported procedure [6]. On treatment of 1a with VOCI, (1 equiv.) in chlorobenzene at reflux
temperature (ca 120 °C) for 1 h, a-fluorocinnamic acid (3a) was obtained in 48% yield (Entry
improved the reaction; the hydroxy acid 1a was completely
ith a comparable amount of benzaldehyde
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counling 241 leither reaction usinoe | eaniv. of VQCIL. in chlorobenzene (Entrv 1) or
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satisfactory results; particularly, the reaction in benzene did not proceed, resulting in the
recovery of 1a. Various J,’-dihydroxy acids 1b-f carrying aryl groups underwent the
reaction with VOCI, (2 equiv.) in chlorobenzene under reflux for 1 h to give the Z isomers of
the corresponding a-fluoro-a,B-unsaturated acids 3b-f in fair to good yields (Entries 6-10).
The corresponding aromatic aldehydes were also produced in these reactions. Unfortunately,
the acid 1g bearing an alkyl group did not entirely participate in this reaction even if the
reaction time was prolonged (Entry 11). Of much significance is that the reaction of 1h
having aryl and alkyl groups gave 3a, no 2-fluoro-2-pentenoic acid being formed at all (Entry

1) Tt chonld he nated that the nrecent reactinn did not lead to the form T
thl ALV JIAVMAN U LAVULVWYS V1AL VidWw tll Widwiit L WeAW LIV LR WBANE 1AV L AWANS VW VAL ANV A -L — —
1 2_Asarvl DV meAanan_1 whirh 3 racIITn Frnrm tha nlre af the VO™ _mediated reaction
1,5-Giaryi-£-propen-1 ti {s OI the VOUULI;-mediated reacuon

PRl o N TR DU C . 1. /art: r
of B-hydroxy acids reported by Meier and Schwartz |

VA
In a similar way was examined the reaction of f3,8’-di ydroxy esters 2 with VOCl,. When
diaryl-substituted dihydroxy esters 2a-f were made to react with VOCIl; (2 equiv.) in chloro-
benzene under reflux for 1 h, the corresponding (Z)-a-fluoro-o,B-unsaturated esters 4a-f were
obtained as only one geometrical isomer in fairly good yields (Entries 13-18). The reaction of
unsymmetrically substituted esters 2i and 2j with VOCI, produced the Z isomers of aryl-
substituted a-fluoro-a,-unsaturated esters 4e and 4 f (Entries 19 and 20).

The reactions described herein were found to be retarded or inhibited b
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radical scavenger. Thus, on treatment of 1a or 2a with VOCI, in the presence of galvinoxyl

Amraier i ,.L AAAAAAAAA at raflire fais i amatirea £mee 1 ha tlan <2

\U .) CLILUV } 1 Uil UlUUClILCllC at rernux LCUIPCIdLulC 101 1 i1, L1IC yield()
to the extent of 38% and 8%, respectively. These findings strongly sug gest that thc reactions
proceed through a radical intermediate, and hence allowed us to deduce I

mechanism for the present reaction.

1 [ Cl(©)vO 1
OH OH /0cis [012(0)vo oV(0)Cl, | | Cla(O)VC i [
4
R Ar R R/>(\Ar 3or
- 2HCI - ClpV(0)O .
¢ ‘coor 2" L F COOR‘ } 2V(O) [ F COOR
1and 2 6
F COOR! F COOR'
A F - Cl,VO [Ar—@H H-A—FAr ] - ClpVO H
W coor  moro | K AP X e | Thono COOR
| RTTo7Hc R™N07 Tl |
PR = C Cl A frm ol A
(£)-3 and 4 = (Ej}-3ana 4

The dihydroxy acid 1 or ester 2 reacts with VOCI, to form a vanadate ester species § with
liberation of hydrogen chloride. The resultant ester 5 undergoes homolytic fission of a C-O

bond, where the bond between the aryl-substituted carbon and vanadate ester oxygen can be
—centered radical intermediate 6 stabilized bv the arv]
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radical 6; the conformer 6 A, sterically more stable than 6 B, may participate exclusively in the
reaction to result in the formation of the Z isomer of the product. It should be mentioned that
no isomerization between the E and Z isomers of the product occurred under the reaction
conditions; if a 71 : 29 mixture of the E and Z isomers of 4a in chlorobenzene was heated to
reflux in the presence or absence of VOCI, for 1-4 h, the isomer ratio was not altered at all.

In summary, we have demonstrated a novel type of reaction between 3,3’-dihydroxy acids or
esters and VOC]L;, which involves the B-elimination of a hydroxyl group and aldehyde molecule.

The present reaction can serve as a new alternative approach to synthesizing o-fluoro-o,f3-

+ tad 1A ™
unsaturated acids and esters in a Z stereoselective manner.
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