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Abstract : A novel high-yielding preparation of the fluorohydrin moiety is depicted based on the
reductive hydrogenation of -hydroxy-yfluoro-y-ethylenic esters. Several useful homogeneous as well
heterogeneous conditions are disclosed and discussed in this communication.

In the context of our continuous interest towards the biochemical and enzymatic characterization of the

vegetal acyl-coenzyme-A elongases partially purified from leek microsomes, 13

we designed mechanism-based
potential fluorinated suicide inhibitors 1 which incorporate the fluorohydrin moiety as an attractive substructure.

According to the known electronic and steric properties of fluorine versus hydrogen, this atom exchange has been

successfully exploited for the inhibition of many targeted enzymes of biochemical interest. 45
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As depicted above, the current literature data made obvious several valuable one-step routes to the
fluorohydrin moiety except the reductive hydrogenation of the f-hydroxy-yfluoro-olefins 2 (route F) which could
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be viewed as another potential general synthetic access not described previously. Although some recent results
dealing with the hydrogenation of electronically deficient fluorinated enoates 3 to reduced esters 4 have been
previously described, 13-19 these works did not mention the special case of precursors of type 2.
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The purpose of this communication is to report our own successful results and comments in this field.
Considering the two structures 1 and 2, the control of the expected side reactions of hydrogenolysis of the C-F
bonds, (E)-/(Z)-isomerization of the 4,5-double bond, alkene migration and dehydration of our hydroxylated

precursors 2 are of major concern. 14.15,18,19

Table 1. Hydrogenation of (E)-/(Z)-2 (R! = C15H3, R2 = Et) 2 and (E)-3 (R* = C7H3s) 2

Time (h)

Entry Substrate Solvent Catalyst / PH> (bar) Results 4
at20°C

1 (E)-2% 95 % EtOH Pd-C (BaSOy4) / 1 3 Recovery of (E)-2

2 " " Pd-C/1 " (2)-2

3 " H,0 " 8 2Z)-2+1:(1/1)

4 " H20 or " 18 1

95 % EtOH

5 " Et;0 " 24 Recovery of (E)-2

6 " " Pd-C/50 18 @-2+1:(1/1)

7 (2)-2% " Pd-C/ 1 3 1

8 (E)-3¢ 95 % EtOH Pd-C/1 1 4

9 " Et;0 " 1 4

10 (E)-34 " . 05 (©D-3(90 %)+ (E)-3
(<5%)+4(<5%)

11 (E)-2¢ THF [Rh(DIPHOS)(NOR)]*BF4~/ 75 16 1

12 " " [Rh(DIPHOS)(NOR)]*BF4~/ 1 48 Recovery of (F)-2

13 " PhH [Ph3P]3RhCl1/ 75 16 1

14 " " [Ph3sP13RhCl/ 1 48 Recovery of (E)-2

a. Yields are relative to isolated compounds and exceed 90 % unless otherwise stated. Compositions of filtrated mixtures are
checked using !H-/19F-NMR analyses. The reduced fluorinated compounds 1 are always isolated as a 1 / 1 mixture of the syn
/ anti isomers as determined by ISE.NMR (CgFp as reference); b. 10 % Pd-C (9 % weight), substrate (33 mM); ¢. 10 %
Pd-C (6 % weight), substrate (33 mM); d. 10 % Pd-C (6 % weight), substrate (16 mM); e. homogeneous catalyst (5 %
molar), the substrate (65 mM); DIPHOS = 1,2-bis(diphenylphosphino)ethane, NOR = norbornadiene.
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Our original results in this field are highlighted in the two Tables 1 and 2:

(1) following several trials, valuable hydrogenation conditions for the reduction of (E)-/(Z)-2 en route to the
fluorohydrin substructure have been disclosed in homogeneous (entries 11 and 13) as well as heterogeneous
media (entries 4 and 7) validating our initial concept,

(2) in agreement with the known related literature, 19 pd-C based catalysts are the most efficient ones for
the reduction of (E)-2 and (Z)-2 under heterogeneous conditions in water or 95 % EtOH (Table 1, entry 4) and in
ethyl ether (entry 7) in yields exceeding 90 %. Interestingly, under analoguous conditions, a Pd-C catalyst
poisoned by BaSO4 leads only to recovery of the precursor (E)-2 with no reduction (entry 1 versus entry 4).

(3) to the best of our knowledge, the described reduction conditions disclosed here using a cationic rhodium
catalyst (entry 11) or the Wilkinson catalyst (entry 13) are new and particularly efficient with no side reactions
detectable by NMR techniques. These reduction conditions have potential for their asymmetric versions,

(4) using heterogeneous conditions, (E)-2 is less reactive in ethyl ether than in protic polar solvents. For

13-

example, entry 6 indicates that a increased hydrogen pressure (50 bars) is required for reduction affordinga 1/ 1
mixture of (Z)-2 and 1 till precursor consumption, while complete in water or 95 % EtOH using a low hydrogen
pressure (1 bar) (entry 4). Moreover, the comparison of entries 4 and 5 is in line with this particular remark,

(5) some heterogeneous conditions dealing with the reduction of (E)-2 afford also a mixture of the isomeric
(Z)-2 and 1 (entries 3 and 6) or even (Z)-2 isomerically pure as judged by !H-, }3C- and !9F-NMR (entry 2). This
unexpected result has never been described in the available literature and would constitute a new powerful access to
(Z)-fluoroalkenes of pure geometry as compared to other poorly stereoselective methods. 2028 Additionally, it is
worthwhile to note that our described homogeneous conditions do not afford any detectable traces of (Z)-2 (entries
11-14),

(6) (Z)-2 can be considered more reactive than isomeric (E)-2 since, under analogous conditions, it is
reduced efficiently to 1 (entry 7, quantitative yield) while (£)-2 cannot be reduced (entry 5),

Table 2. Hydrogenation of fluorinated substrates possessing a chemically modified carboxyl group at C(1) 2

Substrate 2 Catalyst/PH2  Time (h)
Entry (! = CysH3p) Solvent (bar) ~ at20°C Results ¢
15 2(R?2=H)? H20/95% Pd-C/1 16 1(R2=H
Ey2( ) EtOH1/1 d ( )
. 2= b " " 1+(2)-2:3/2
16 (E)-2(R2=NHS)® 95% EtOH (R? = NHS)
17 (E)}2(R2=NHS)¢  PhH  [PhsP]sRhCI/75 16 1 (R2 = NHS)
18 (22 (R2=NHP)¢ " " " 1 (R2 = NHP)

NHS: succinimido, NHP: phtalimido (the indicated superscripts are the same as in the Table 1)

(7) questioned by the possible involvement of the hydroxyl group at C(3) on the course of the (E)-2
reduction, we considered the case of (E)-3 submitted to similar heterogeneous conditions (entries 8-10). (E)-3 can
be quantitatively reduced in 4 (95 % EtOH or Et;0, 1 h, entries 8 and 9) while diminishing the reaction time to
0.5 h in ethyl ether allowed us to isolate the isomeric (Z)-3 (entry 10, 90 % yield) accompanied with less than 5 %
of 4. Therefore, the isomerization of the fluoroalkene (E)-2 to the corresponding isomeric (Z)-2 cannot be inferred
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to the presence of the allylic hydroxyl group. This particular result adds also further support to the previous point
5),

(8) as reported above (Table 2), some heterogeneous or homogeneous reduction conditions were usefully
applied to fluorinated unsaturated precursors modified chemically at position C(1) (E)-2 (R2 = H or NHS) and
(Z)-2 (R?2 = NHP) affording the corresponding fluorohydrins in yields exceeding 90 % (entries 15-18).
Interestingly, (E)-2 (R2 = NHS) was found less reactive than (E)-2 (R2 = Et) under similar conditions (compare
entry 4 of Table 1 and entry 16 of Table 2).

In conclusion, following multiple trials of reduction of various fluorinated functionalized alkenes, we disclose
efficient homogeneous as well as heterogeneous conditions leading to our required potential suicide inhibitors 1
which contain the targeted fluorohydrin substructure. Whatever conditions, yields of isolated fluorohydrins always
exceed 90 % emphasizing on the lack of major side reactions during the reduction processes making valuable this
methodology for an efficient access to the fluorohydrin substructure. Another point of great synthetic interest is
the observed total isomerization of (E)-fluoro-olefins to the corresponding isomeric (Z)-ones under some
optimized experimental conditions. This new procedure can be viewed as a useful alternative for the obtention of
(Z)-fluoro-olefins. This particular point will be our future concern in the laboratory.
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