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Abstract

The regioselectivity of the fluorination of various allylic and B-dienoic alcohols with DAST has been studied. Substituent effects are
important in these reactions; a strong preference for the secondary fluorides versus the primary ones is observed. especially in the case of
alkyl and aryl substituted derivatives. © 1998 Elsevier Science S.A.
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1. Introduction

It has been well established that the introduction of fluorine
atoms into biomolecules can induce important modifications
of their biological properties| 1-9]. Therefore, the control of
the regio-. stereo-, and enantioselectivity of the fluorination
is of much interest.' A few years ago we initiated a program
dealing with the challenging problem of selective monofluor-
ination in a position vicinal to unsaturated systems and its
application to the synthesis of natural product analogs: we
demonstrated in several instances that transition metal com-
plexes can control the regio- and stereoselectivity of the
nucleophilic fluorination [ 15,16].

Reactions of allylic alcohols with nucleophilic fluorinating
agents are known to be susceptible to an allylic shift. In the
case of DAST for instance. this was first reported by Middle-
ton: reaction of crotyl alcohol 1 gives mixtures ¢f 2 and 3
(28:72 in diglyme and 36:64 in isooctane, GLC estimate)
[17] (Scheme I).

Many applications of this type of reaction have been sub-
sequences described in various families of natural products.”
The competition between fluorination with and without trans-
position of fluorine is extremely substrate-dependent and
since these examples are obtained with complex structures.,
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it appears very difficult to rationalize the results.” It is inter-
esting to note that the regioselectivity problem is not limited
10 DAST since other fluorinating agents give similar results;*
for instance, a-fluoroenamines react with various allylicalco-
hols, either primary or secondary and tertiary bearing alkyl
type substituents, to give mixtures of fluorinated derivatives
with and without allylic shift [ 33-36].°

The systematic study of the sabstituent effects on the
course of the reaction of allylic alcohols with DAST appears
to be of interest. not only in mechanistic terms of but also for
synthetic purposes. In this study. reactions of DAST with a
number of selected, simple model! alcohols bearing aliphatic
and aromatic substituents were investigated. In each case. the
regioisomeric ratios have been curefully established by high
field NMR spectrometry ('H. "*C and "“F) directly on the
crude reaction mixtures.

2. Results and discussion

With simple aliphatic systems. as expected, a low regio-
selectivity is observed. Upon treatment with DAST in dich-
loromethane. crotyl alcohol 1 gives compounds 2 and 3 in a
27:73 ratio { NMR estimate, which is in good agreement with

* These problems are discussed in a recent review. See Ref. [ 30]

' For an interesting recent discussion about the mechanistic aspects of the
reaction of uminosulfur trifluorides with alcohols, see Ref. [317]. See also a
recent synthesis of difluorallyl compounds. in Ref. {32].

* For some applications of a-fluoroenamines. see Ref. | 371,
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Middleton’s results [ 17]). With the isopropyl derivative 4,
the respective fluorinated compounds 5 and 6 are formed in
a 2:3 ratio.

In both cases. structures of both regioisomers were estab-
lished from their NMR spectra, taking advantage of the flu-
orine-to-proton and fluorine-to-carbon coupling constants.
Particularly relevant are the methyl group signals: they appear
as dd with a 3/ = 24 Hz in the case of 3 and 6 whereas these
coupling constants are very small (*Jyp=2 Hz) for the
methyl group in a vinylic position (2 and 5). Similarly in ''C
NMR, the methyl groups signuls are close to 21 ppm with a
Jorp= 25 Hz in the case of 3 and 6 while they are around 17
ppm with a small Jog ( =2 Hz) for 2 and §. This is clearly
exemplified in the case of 7, prepared by the same route, and
used as a reference compound (Scheme 2).

Also notable are the chemical shifts in '""F NMR which
appear highly characteristic: allylic CH,F appear below
—200 ppm while the corresponding CH(R)F are close to
— 165 ppm. This is in good agreement with Middieton’s
results on derivatives 2 (—210 ppm) and 3 ( — 171.6 ppm)
[17]. Other NMR data for all these compounds ( see Section
3) are also in excellent agreement with the indicated
structures.

In contrast to the alkyl groups, which have little effect on
the regioselectivity of fluorination of allyl alcohols with
DAST. this regioselectivity is strongly affected by the phenyl
substituent: the reaction of 8 with DAST occurs with com-
plete transposition giving exclusively the conjugated system
10. The same derivative is obtained directly from alcoho! 9
(Scheme 3).

In this case, the fluorination leads clearly to the most con-
Jjugated, and probably also the most stable, derivative. How-
ever, it must be noticed that the reaction of cinnamyl alcohol
11 with DAST yields, under the same conditions, a 34:66
mixture of 12 and 13. It is interesting to note that this ratio
could be obtained only by NMR on the crude reaction mix-
ture: 13 appears to be very sensitive and decomposes during
chromatography on silica gel. with 12 being the only isolated
regioisomer. This result, obtained with 11, is important since
it indicates a preference for the formation ot the secondary
fluoride versus the primary. in spite of the conjugation of the
aryl group with the double bond observed only in the case of
12 (Scheme 4).

Several dienyl alcohols have also been studied. Sorbyl
alcohol 14 reacts with DAST to give a 1:9 mixture of primary
fluoride 15 and completely transposed fluorinated diene 16
(Scheme 5).

The structures of 15 and 16 were elucidated from their
NMR spectra using the same criteria for 2 and 4. It is worth
noticing that divinylcarbinol 17 gives, on reaction with
DAST, exactly the same result with identical 1:9 ratio of
15 and 16. This appears to be in good agrecment with the
possible involvement of a pentadienyl carbenium ion
intermediate.

The introduction of electron withdrawing substituents was
anticipated to have also a strong influence on the regioselec-
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tivity of the fluorination and this has been confirmed with an
ester group. Under the same conditions, the reaction of 18a
(R =H) with DAST occurred smoothly and gave compounds
19a and 20a in a 4:1 ratio ( Scheme 6).

We have demonstrated carlier that in the case of 18b
(R=Me) the reaction leads exclusively to 19b [15]. Thus,
there is a clear preference for the dienyl system conjugated
with the ester group.
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Finally, it also appeared interesting to consider an alcohol
such as 21 with both an allylic and a propargylic position. On
treatment with DAST, it gave only recarranged product 22 (as
a 72:28 mixture of the E and Z isomer) (Scheme 7). In
agreement with earlier reports describing fluorinaticn of pro-
pargylic alcohols, no transposition in allenyl systems was
observed.”

In conclusion. the present results appear to support the
existence of stabilized allylic or pentadienyl carbenium ions
as intermediates (at least, under the reaction conditions used
here). Furthermore, these results indicate that the regioselec-
tivity in this type of fluorination is strongly influonced by
the substituents of the starting alcohol. The two key factors
appear to be us follows.

+ 1) The nature ( primary and secondary) of the final prod-
ucts: the secondary fluorides are always obtained preferen-
tially to the primary ones. except in the case of the systems
conjugated with electron withdrawing groups such as 19a.

2) The preference for the formation of the maost conju-
gated and therefore, thermodynamically the most stable
systems.

When both factors are acting in the same direction, the
reactions are completely regioselective. In the other cases,
the first factor appears predominant.

“urther studies are underway to confirm the above rela-
tionships though the present results appear already t be good
guidelines for the design of synthetic strategies towards the
preparation of molecules selectively fluorinated in B-posi-
tions to unsaturated systems. Such studies as well as their
application to the preparation of natural product analogs are
being actively pursued in our laboratory.

3. Experimental section
3.1 General methods

'H, ""F and '*C NMR spectra were recorded in CDCl,
solutions with a Bruker ARX 400 spectrometer at 400, 376

“ uee, for instance, Refs. | 38-40].

and 100 MHz respectively. Chemical shifts are quoted in ppm
from internal Me,Si for 'H and '*C and from internal CCL.F
for '’F (negative upfield). When appropriate, signal assign-
ments have been confirmed by 2D NMR experiments. Mass
spectra were recorded with a Varian MAT 311 spectrometer
at the «Centre Régional de Mesures Physiques de ’Ouest»
{Rennes). Silica plates (Merck ) were used for TLC analysis
and the column chromatography was performed on silica gel
Geduran Si60 (230-400 mesh, Merck). Mixtures of ether
and low boiling ( <60°C) petroleum ether, or a mixture of
ether and pentane were used as eluents. CH,Cl, was distilled
from P,O, just before use. DAST (Aldrich or Acros) was
used as received.

3.2. General procedure for the fluorination of allvlic and
dienoic alcohols

An alcohol (1 mmole) in CH,Cl. (4 ml) was added under
nitrogen at room temperature to a solution of DAST (1.2
mmole) in CH,CL, (4 ml). After § min, solid Na,CO; (125
mg, 1 eq.} was added. The organic phase was then washed
twice with a 1 M aqueous Na,CO, followed by water and
then dried over MgSO,. The solvent was removed either
using a rotatory evaporator (for 10, 12+ 13 and 22) or dis-
tilled off under atmospheric pressure in other cases. The fluor-
inated compounds were purified by flash chromatography on
silica gel using a 1:9 mixture of ether and n-pentane as eluent.
After the removal of the solvents ( same conditions as above),
the crude products were examined h. NMR and MS investi-
gations. The reactions carried out with excess DAST (1.5
eq.) directly in an NMR tube (in CDCly) proceeded quan-
utatively and gave the same ratios of products as in prepara-
tive runs. The given yields correspond to, NMR pure,
products obtained after distillation of the solvents. Lower
vields are obtained in the case of the derivatives with a low
molecular mass, due to their high volatility.

Yield: 36% (2:3=27:73): |-fluoro-2-butene 2;: '"H NMR:
1.73 (m, 3H. Hy): 4.75 (dd, 2H. /=475 and 6.4, H,); 5.27
(dm, 1H, J=17.2, H,); 5.75-3.56 (m, 1H, H,). ""F NMR
6= —207.7.Lit. [17]: =210. "CNMR: 17.6 (J=2.5.C,);
835 (J=159.5C)); 1257 (J=16.3.Cy); 132.5 (J==12.3,
C.

2-fluoro-3-butene 3; '"H NMR: 1.37 (dd, 3H. /=23.7 and
6.4, H,);:5.02 (dqt, IH, J=48.2 and 6.4, H,); 5.15 (d, 1H,
J=1.08, Hy); 5.96-5.79 (m, 2H, H; and H,). ""F NMR
8= —170.4. Litt. [17]: —171.6. ""C NMR: 209 (/=23.7,
Cy): 89.9 (J=1634, C,): 1160 (J=11.7. C.y: 1377
(/=163 C;).

Yield: 43% (5:6 = 2:3): 2-methyl-3-fluoro-4-hexene 5; 'H
NMR: 0.92 (dd. 6H, J=26.2 and 6.9, H;); 1.78-1.73 (m,
3H.Hq); 1.88 (dm, IH,J=21.7. H,);4.52 (dt. t1H, /=479
and 7.0, H,): 5.80-5.49 (m. 2H. Hs and H,). ""F NMR
8= —174.1. "CNMR: 17.6 (J= 18.1,C): 17.7 iJ=17.2,
)2 178 (J=22,C):329 (J=22.2.C,); 988 (J=166.7,
):

¢
C2):128.2(J=193.C). 1315 (/=125.Cs).



2-fluoro-5-methyl-3-hexene 6; '"H NMR. 1.03 (dd, 6H,
J=6.8 and 1.7, Hy); 142 (dd, 3H, J=23.4 and 6.3, H,):
2.38-2.28 (m, 1H, Hs); 5.01 (dqt, IH,J=48.5and 6.3, H,):
5.80-5.49 (m, 2H, H, and H,). "°F NMR &= — 162.8. '*C
NMR:21.5(J=249,C,);21.9(J=1.3,Cq}:22.0(J=1.2,
Ce): 306 (J=14, Cs): 90.6 (J=1606, C,): 1268
(/=192,C5);141.2(J=11.0,C,). HRMS { 5§ + 6 mixture ):
found: 116.100 C;H,;F requires: 116.1001.

2-fluoro-3-pentene 7 (Yield: 42%): '"H NMR: 1.39 (dd.
3H,J=234and 63, H,);: 1.73 (dt, 3H, J=49and | .5 H,):
5.00 (dqt, 1H, J=48.5 and 6.7, H,); 5.60 (dddgq, IH.
J=154,94,70,16,H,);578 (ddq, IH,/=154.64.4.6,
H,). ""F NMR 8= —162.6. "C NMR: 17.5 (J=1.9, C5);
213 (J=249,C,); 903 (J=160.0, C.): 1293 (J=11.6,
Cy):131.0 (J=18.8, C;).

3-fluoro-1-phenyl-1-butene 10 (Yield: 71%); 'H NMR:
.54 (dd,3H,/=234and 6.4, H,):5.26 (dqid. 1H./=48.2,
6.4, 1.0, H,); 6.30 (ddd, 1H, /=16.1. 12.1. 6.4, H,); 6.64
(dd. 1H, J=16.1 and 4.1, H,) 7.5-7.2 (m, SH, arom.). ""F
NMR 8= —166.0. 'C NMR: 21.5 (/=24.6, C;): 902
(J=163.1, C,);, 126.7 (J=1.5, arom.): 128.1 (J=07.
arom.); 128.6 (arom.); 1288 (J=184Y, C,); I31.8
(J=118, C,); 136.1 (J=1.7, arom.). HRMS: found:
150.084 C, H, F requires 150.0845.

Yield: 76% (12:13=34:66); I1-fluoro-3-phenyl-2-pro-
pene 12 (Yield: 18%); 'H NMR: 5.01 (ddd, 2H. J=47.0.
6.1. 1.3, H)); 6.36 (ddt, 1H. /=159, 11.9. 6.1, H,): 6.69
(dd. 1H, /=159, 5.2. Hy); 7.42-7.27 (m, 5H, arom.). "’F
NMR 8= —210.8. ’C NMR: 83.4 (J=160.8, C}. 123.0
(J=16.0, C,); 1262 (J=10, arom.); 27.7 (J=1.1.
arom.); 128.1 (J=0.9, arom.): 133.7 (J=12.3.C;); 1353
(J=2.4, arom.). HRMS: found: 136.069 C,H,F requires
136.0688.

1-fluoro-1-phenyl-2-propene 13; '"H NMR: 5.33 (dt, 1H,
J=10.5and 1.2, H;): 543 (ddt, IH, /=17.2. 3.6, 1.3, H.):
5.86 (ddt, IH, J=475, 6.0, 1.2, H,): 6.09 (dddd. IH,
J=17.1, 13.6, 105, 6.1, H,). 'YF NMR &= —169.6. '“C
NMR: 934 (J=167.0, C;). 1168 (J=11.1, Cy): 1255
(/=59, arom.); 127.8 (J=2.1, arom.); '27.9 (J=44.
arom.): 1354 (J=22.2,C,): 137.8 (/=20.6. arom.).

Yield: 68% (15:16=1:9); (2E4E)-1-fluoro hexa-2.4-
diene 15: Characteristic NMR data: '"H NMR: 4.84 (dd.
J=474 and 64, H,); 1.78-1.72 (m. H,): "F NMR
8= —208.7. "C NMR: 18.0 (J=1.8, C,): 83.2 (J= 160.6.
C):123.9 (J=15.5,C,): 130.2 (J=4.0,C or Cs): 132.1
(J=4.7,C,0rCs); 1353 (J=12.5,Cy).

(3E)-2-fluoro hexa-3.5-diene 16; 'H NMR: 1.40 (dd, 3H,
J=234and 6.4, H,); 5.08 (dqt, I1H. /=479 and 6.3, H,):
5.30-5.11 (m, 2H, H,); 5.75 (ddd, 1H. J= 4.8, 129, 6.4,
H,): 6.40-6.20 (m, 2H, H,. Hy). "FNMR 8 = — 166.7. '°C
NMR: 212 (J=244, C)); 895 (J=1625. C.); 118.0
(J=3.2,C,); 1323 (J=11.7, C;); 1325 11=18.6. C3):
1357 (J=2.6, C5). HRMS (15+16 misture): found:
100.068 C.HyF requires 100.0658.

Yield: 81% (19a:20a=4:1). (2E4E) methyl-6-fluoro-
2.4-hexadienoate 19a; '"H NMR: 5.00 (ddd, 2H, /=46.2.5.1.
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1.5. Hy): 5.97 (dqt, 1H. /= 15.4 and 0.7, H.): 6.20 (ddtt,
IH.J=177,154,44.0.7.Hs): 6,46 (m, IH. /=154, 11.0.
3.3. 1.5, 0.7. Hy); 7.31 (dddd, 1H, J=15.4, 11.0, 1.2 and
0.7.H;). "FNMR &= - 218.1. "CNMR: 51.7 (CO,CH,):
81.5 (J=166.4, Cy): 122.5 (J=2.7.C,); 1297 (J=12.3,
Cyi: 1355 (J=15.8,C.): 143.0 (J=2.2,Cy); 167.1 ().

( 3£) methyl-2-fluoro-hexa-3,5-dienoate 20a; 'H NMR:
5.38 (d, 1H. /J=10.5, H,). 5.57-5.41 (m, 2H, H, and H,);
5.94-584 (m, IH. Hs): 6,11 (dt, 1H, J=15.8 and 1.7, H,):
6.93 (ddd, 1H, J=18.6, 158, 44, H;). ""F NMR
8= 1793, "C NMR: 51.8 (CO,CH;); 90.8 (J=1T71.5,
Co): 1193 (J=11.2. Cor: 1214 (J=10.3, C,); 1334
(J=20.4.Cs): 143.5 (J=20.9.C,): 166.2 (C,).

Yield: 73% (22E:22Z=72:28); (3E) 2fluoro-5-yn-3-
undecene 22E; '"TH NMR: 0.90 (t, 3H,/=7.0. H,,); [.41 (dd.
3H.J=235and 6.4. H)): 1.60-1.40 (m, 8H): 5.07 (dqtd.
1H,/=479,64,1.2,H,):3.73 (dm, IH, /= [5.9,H,); 6.05
(ddd. 1H. J=15.9. 13.7, 6.0. Hy). ""F NMR 6= —169.3,
BCNMR: 14.0 (C,,); 194, 21.1 (J=24.1,C,): 22.2, 28.33,
31.07, 778 (=24, Csor ) 89.2 (J=165.1, C,); 92.6
(J==2.6,Csor C,): 1122 {J=13.6, Cy); 1400 (/=184
Cy).

(37) 2-fluoro-5yn-3-undecene 227; '"H NMR: 0.90 (t, 3H,
J=7.0,H,,);: 143 (dd.3H./=23.6and 6.4, H,); 5.55 (dqt.
IH. /=484 and 6.3, H,); 5.59 (dm, IH, J=10.8, H,); 5.90
(dt. IH, /=10.8 and 8.1, H;). "?F NMR &= —169.5. *C
NMR: 14.0 (Cy,): 19.5, 209 (J=25.0. C)); 22.1, 28.30,
31.06.75.7 (J=44, Csor (), 87.8 (/=159.2,C,). 97.4
(J==19, Cs0or Co): 1120 17=120, Cyy; 140.1 (J=219,
C;). HRMS (mixture of 22E and 22Z): found: 168.131
C,H,,F requires 168.1314.
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