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Total Synthesis of the 13,13 Difluoro Analog of the 13 HODE
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Abstract: The first total synthesis of the 13,13 difluoro analog of 13 HODE, via the novel fluorinated synthons
(5) and (2), is reported. The key advantages of using a propargylic route for the introduction of the gem

difluoro moiety are highlighted below.
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INTRODUCTION

The introduction of fluorine atom(s) strongly modifies
the physical, chemical and biological properties in a
molecule [1]. This explains why fluorinated compounds are
intensively studied and used in areas as diverse as
pharmaceuticals, agrochemicals and polymers, for instance.
In fluorobioorganic chemistry the selective replacement of
strategic C-H or C-OH bonds by C-F, as well as exchange of
CH;, or O by CF, moieties, could lead to important
informations regarding the structure and mechanism of
action of enzymatic systems. It could as well give
compounds, which are more stable from the chemical point
of view and/or have a better bioactivity [2, 3]. We have been
involved for the last few years in a program dealing with the
synthesis and biological evaluation of fluorinated analogs of
polyunsaturated fatty acid metabolites [4]. This led us to
develop a novel propargylic route for the first
enantioselective synthesis of (1a), which is the fluorinated
analog of the 13-hydroxyoctadecadienoic acid (13 HODE)
(1b) [5]. The latter derivative is a well known metabolite of
linoleic acid with potent biological properties in various
human diseases, such as cancer, inflammation or
cardiovascular problemes, as well as in the inhibition of
spore germination of rice blast fungus [6]. In order to
complete our structure-activity relationships in this family of
compounds, and to better understand the role of the fluorine
atoms, it appeared interesting to prepare also the
gemdifluorinated analog (1¢) (Fig. 1) [7].

Therefore, the purpose of this letter is:
- to report the first total synthesis of compound (1¢),

-to demonstrate that the propargylic route is again
particularly flexible and efficient for the preparation of such
derivatives with a gemdifluoro group in allylic position.

SYNTHESIS

The most direct route towards the target molecule
involved a disconnection between the carbons 9 and 10
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through a Wittig type reaction: this led to the
difluoroaldehyde (2) and the known phosphonium salt (3)
that we have already used in our synthesis of (1a) [4]. For
the preparation of the key intermediate (2), two possibilities
have been considered (Scheme 1):
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Scheme 1.

- Either the difluorination of the easily accessible enone
4,

- or the introduction of the double bond at a later stage in
the synthesis, via a semi-hydrogenation of a triple bond; in
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such a case, the difluorination has to be performed on the
propargylic ketone (6).

The allylic fluorination was considered first. The ketone
(4) appeared as a good starting material since it is obtained
in good yield by oxidation of the easily accessible 4-
hydroxy nonenal [8]. However, all fluorination experiments
performed on this compound were unsuccessfull (Scheme 2):
under various reaction conditions the reactions with DAST
[9] or deoxo-fluor™ [10] afforded only the starting material
and the NMR of the crude reaction mixture gave no evidence
for the expected compound (7). This very low reactivity is in
agreement with the limited literature data on difluorination
of enones: in every case the desired allylic gem difluorides
were obtained only in very poor yields, except when using
ultra high pressure reaction conditions [11].
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Therefore, we decided to explore the propargylic route
since it has been demonstrated in a few cases that the gem
difluorination of ynones was possible and efficient [12, 13].
The propargylic ketone (6) was easily prepared in two steps
and 64 % overall yield from commercially available
propiolaldehyde diethylacetal (8). The reaction of (6) with
deoxo-fluor™ (neat with a drop of EtOH) at 58°C during
20h gave the desired difluoro propargylic derivative (5). This
compound was isolated in 87% yield after purification by
SiO, chromatography, and easily characterized by NMR
(Scheme 3).
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iynBuLi (1 2eq.), THF, -60°C, 1h then nCH,,CHO -60°C to -24°C in
90min, 85%; ii) PDC (1.5 eq.), CH,Cl,, RT, 2h, 75%; iii) deoxo-
fluor™ (2eq.) + EtOH (1 drop), neat, 58°C, 20h, 87%; iv) H,,
Lindlar cat., py(leq.), pentane, RT, 1h, 91%) ; v) HCO2H (5 0eq.),
60°C, 10min, 82%; vi) HCO,H 60°C, 8h, 74%
Scheme 3.
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The semi hydrogenation using Lindlar’s catalyst proved
to be compatible with the gem difluoro group leading in
91% yield to the allylic difluoride (10) with a Z double
bond (Jyy = 12.0 Hz). This result is in agreement with
previous data from Prestwich ef al. in their synthesis of
several fluorinated analogs of the disparlure pheromone [11].
The deprotection of the acetal (10) was performed using pure
formic acid [14]. At 60°C it gave either the Z (11) or the E
(2) difluoro enals, depending upon the quantity of acid used
and the reaction time: with 50 equivalents of HCO,H in 10
minutes compound (11) was obtained in 82% yield, while
with 200 eq. after 8hrs the derivative (2) was isolated in
74% yield. Both compounds have been isolated by SiO,
chromatography and their stereochemistry was easily
established by NMR: Jgg = 12.2 Hz for (11) and 15.9 Hz
for (2). It is important to underline here the thermal stability
of the Z difluoro enal (11); a similar property was already
recognized for the corresponding monofluorinated analog [5].
Furthermore, it is interesting to note that (2) is the difluoro
analog of 4-hydroxy nonenal (4 HNE). The latter derivative
is formed in vivo as a breakdown product of oxidized
polyunsaturated lipids; recent studies highlight the
biological importance of this molecule [15].

Starting from (2) the Wittig reaction with the
phosphorane prepared from phosphonium (3) was performed
at low temperature in the presence of HMPA. It afforded the
desired ester (12) in 83% overall yield, as a (93:7) Z/E
mixture (Scheme 4).

) > CcoMe
o | i e

—_—

12)

i) LIHMDS (2eq.), -1 °C, 25min, then HMPA (18eq.) 40°C then (3)
-78°C to -15°C in 90min, 83%; ii) LiOH, H>0 (2eq.)in THF/MeOH/H,0
(8:2:1), 40°C, 4h, 90%

Scheme 4.

A final saponification, under carefully controlled
conditions, afforded the desired difluoro analog of 13 HODE
(1c). This molecule was then prepared in 7 steps and 32%
overall yield from (8) [16].

CONCLUSION

In conclusion, we have reported the first synthesis of the
13-gem difluoro analog of the 13 HODE. The biological
properties of this compound are under active study and will
be reported in due course. Furthermore, this synthesis
confirms the efficiency of the propargylic route towards
allylic fluorides, leading to new and useful intermediates
such as (2), (5) and (11). This strategy is now extended to
the preparation of several fluorinated analogs of arachidonic
acid metabolites.
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All new compounds have spectral and analytical data in
agreement with the indicated structures. The data for (1¢) and the
key fluorinated intermediates are the following:

5) Iy NMR(400 MHz, CDCl3) & (ppm) 5.32 (t, J = 3.0 Hz, 1H),
3.73 (dq, J="7.1 Hz, Jyg = 2.3 Hz, 2H), 3.60 (dq, J=7.1 Hz, J =
2.3 Hz, 2H), 2.08-1.97 (m, 2H), 1.59-1.51 (m, 2H), 1.33 (m, 2H),
1.24 (t, J=17.0 Hz, 6H), 0.90 (t, /= 7.0 Hz, 3H) ; 3¢ NMR (100
MHz, CDCl3) & (ppm) 114.67 (t, J = 233.0 Hz), 90.84, 81.93 (t, J
= 6.7 Hz), 78.00 (t, J = 41.3 Hz), 61.32 (t, J = 4.7 Hz), 39.05 (t, J
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=25.6 Hz), 31.10, 22.40, 15.02, 13.88 ; !F NMR (376.5 MHz,
CDCl5) & (ppm) -84.21 (td, J = 15.0 Hz, J = 3.1 Hz) ; MS (EI) 70
eV caled for C;3H»»05F; [M]": 248.15879 ; found 249.1588.
(10) 'H NMR (400 MHz, CDCl3) 8 (ppm) 5.76 (ddt, J = 12.0 Hz,
J =18 Hz, Jyp = 1.6 Hz, 1H), 5.65 (dt, J = 14.1, J = 12.6 Hz,
1H), 5.37 (dq, J= 7.7 Hz, Jyp = 0.8 Hz, 1H), 3.68 (qd, J = 7.1
Hz, 2H), 3.55 (dq, J = 7.1, 2H), 1.98-1.90 (m, 2H), 1.52-1.44 (m,
2H), 1.35-1.30 (m, 4H), 1.23 (t, J = 7.1Hz, 6H), 0.90 (t, 6.9 Hz,
3H) ; 13C NMR (100 MHz, CDCl3) & (ppm) 133.70 (t, J = 5.0
Hz), 127.28 (t, J = 28.2 Hz), 122.11 (t, J = 239.7 Hz), 97.04,
61.72, 38.37 (t, J = 26.1 Hz), 31.40, 22.39, 21.79 (t, J = 4.1 Hz),
15.21, 13.87 ; 1% NMR (376.5 MHz, CDCl3) & (ppm) —92.03 (q,
J =15.7 Hz) ; MS (EI) 70 eV m/z calcd for C13Hp40,F, [M]*:
250.17444 ; found : 250.1748.

(11) "H NMR (400 MHz, CDCls) & (ppm) 10.14 (dt, J = 7.9 Hz, J
= 1.5 Hz, 1H), 6.46 (td, Jyp = 15.6 Hz, J = 12.2 Hz, 1H), 6.07
(ddt, J=12.2 Hz, J = 7.9 Hz, J = 1.9 Hz, 1H), 2.09-1.97 (m, 2H),
1.54-1.47 (m, 2H), 1.37-1.30 (m, 4H), 0.90 (t, J = 7.1 Hz, 3H) ;
13¢ NMR (100 MHz, CDCl3) & (ppm) 191.33 (t, J = 4.9 Hz),
140.57 (t, J = 29.4 Hz), 133.28 (t, J = 3.8 Hz), 121. 78 (t, J =
241.1 Hz), 38.33 (t, J = 25.5 Hz), 31.22, 22.28, 21.75 (t, J = 4.0
Hz), 13.78 ; 19F NMR (376.5 MHz, CDCl3) & (ppm) —90.06 (q, .J
=16.1 Hz) ; MS (EI) 70 eV m/z caled for CgH|,F [M - ‘CHO-
HF]': 127.09230 ; found : 127.0916.

(2) '"H NMR (400 MHz, CDCl3) & (ppm) 9.66 (d, J= 7.5 Hz, 1H),
6.67 (dt, J = 15.9 Hz, Jyyp = 10.8 Hz, 1H), 6.45 (ddt, J = 16.0 Hz,
J=175Hz, J =20 Hz, 1H), 2.04-1.92 (m, 2H), 1.51-1.43 (m,
2H), 1.35-1.31 (m, 4H), 0.90 (t, J = 7.1 Hz, 3H) ; 13C NMR (100
MHz, CDCl3) & (ppm) 192.15, 146.28 (t, J = 28.8 Hz), 133.30 (t,
J =172 Hz), 120.57 (t, J = 239.9 Hz), 36.82 (t, J = 25.5 Hz),
31.28,22.31, 21.67 (t, J = 4.1 Hz), 13.82 ; 19F NMR (376.5 MHz,
CDCl3) & (ppm) —99.35 (dtd, J = 16.2 Hz, J = 10.7 Hz, J = 2.0
Hz); MS (EI) 70 eV m/z calcd for CgH,F [M - ‘CHO-HF]":
127.09230 ; found : 127.0928.

(1¢).'H NMR (400 MHz, CDCl3) & (ppm) 12.32 (s, 1H), 6.85-
6.75 (m, 1H), 6.00 (t, J = 11.3 Hz, 1H), 5.72-5.58 (m, 2H), 2.36 (t,
J=1.5 Hz, 2H), 2.21 (q, J = 7.1 Hz, 2H), 1.97-1.85 (m, 2H),
1.68-1.58 (m, 2H), 1.53-1.30 (m ,14 H), 0.90 (t, J = 6.9 Hz, 3H) ;
13¢ NMR (100 MHz, CDCl3) & (ppm) 179.87, 136.80, 128.47 (t, J
=9.4 Hz), 126.52 (t, J = 1.7 Hz), 126.31 (t, J = 26.5 Hz), 122.08
(t, J = 237.9 Hz), 37.61 (t, J = 26.9 Hz), 34.05, 31.46, 29.33,
29.06, 29.04, 27.80, 24.89, 22.41, 22.05 (t, J = 4.1 Hz), 13.92 ; 19F
NMR (376.5 MHz, CDCl3) & (ppm) —95.36 (q, J = 15.0 Hz); MS
(EI) 70 eV m/z caled for C;gH905F [M-HF]": 296.21516 ;
found : 296.21402.



