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1. Introduction (a) Synthetic strategy

The fluorine atom presents unique and interestiogerties’ F Nu Nu
which explains the importance of its incorporation drganic F ~F
molecules for applications in medicinal chemistigrochemistry catalyzed or

. . . Y metal-free process
and material sciencég* Of all the fluorinated motifs,

monofluoroalkenes are useful as non-hydrolyzableerhonds (b) Previous work

or enol ethers isoster&8 Numerous synthetic strategies towards . s R'OLC oo
F (R'0,C),CHR?R?, NaH
monofluoroalkenes have been developed over thes{e@ur . [Pd cat] R®
group has been particularly interested in using - 3,3 ~F
difluoropropenes as  starting materials to  access
monofluoroalkenes using catalyzed or metal-free@se (Figure (c) Initial result
1a)%%'% In this context, we recently reported the palladium- CO,Me
catalyzed addition of dimethylmalonate and its \hives to Me Me COMe
. . . ‘ F (MeOZC)2CH2, NaH 2
different  3,3-difluoropropenes  (Figure ~ 1B). Many ¢ [P(aly)CIl,/(R)BINAP F
monofluoroalkenes bearing a malonate at fheposition were O‘
THF, 70 °C, 18 h

obtained in up to 78% yield. As a preliminary reswe also
disclosed that the reaction of trisubstituted aék@)-1 provided E-1 2 (56%, 55% ee)
the chiral monofluoroalken2 in 56% yield and 55% ee using (o . T
(R)-BINAP as the chiral ligand (Figure 1c), a rare eg@mof

enantioselective reaction involving the activatioi a C-F 3 (R10,C)CHy, NaH R ‘
bond’? Herein, we report our progress based on this inigisililt FF [pd(a||y|)(f|]2ﬁR)-2s'Engos ¥~ "COR'
(Figure 1d). Specifically, optimization of the dliligand and a ~F ‘

study of the reactivity depending on the geomefrthe alkene, i THF, 50 °C, 4 AMS, 18 h

on its substituents and on the alkyl groups of tidonate was 3 Up 10 78% yield |
performed, as well as the extension of the readtiordifferent : upto91%ee !
3,3-difluoropropenes. This study allowed the idécdiion of T TTITTISSossssssseeeiiiiiiiiosoooooooooooioooooes ‘
some limitations. Synthetic transformations were oals Fig. 1. Previous work, initial result and current work.

accomplished on a monofluoroalkene.
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2. Results and Discussion (R,9-JOSIPHOS (17% ee). Further screening revealed(®)at
. . ) i SEGPHOS (78% ee) was superior that its more hinder@dgm
The enantioselective palladium-catalyzed additiorf O(R)-DM-SEGPHOS (59% ee) anR¥DTBM-SEGPHOS (29%

dimethylmalonate was first studied on 3,3-difluomgene B)-1  g¢) while §-MeO-BIPHEP also gave interesting results (~74%
andthe initial screening of chiral ligands is summad in Table g6y it was decided to pursue the study WRASEGPHOS.
1. As reported previoushy,(R)-BINAP provided the higher ee at '

this point (55% ee)® compared toR)-DM-BINAP (<1% ee) and
Tablel
Initial screening of ligands

CO,Me

M Me.,
© © CO,Me

F
g 1) (MeOyC),CH, (2 equiv.), NaH (2 equiv.), THF (0.1 M), rt, 15 min O‘ F

ii) [Pd(ally)Cll, (5 mol%), Ligand (10 mol%), 70 °C, 18 h
(E)1
20, C
Cor O

2

¢ o == ®
P
PAL, Cy,P POy MeO PPh,
PArZ
A

Fe =
Me MeO O PPh,
(R)-BINAP (56%, 55% ee) (R)-DM-BINAP (ND, <1% ee)° (R,S)-JOSIPHOS (ND, 17% ee)°  (S)-MeO-BIPHEP (76%, —74% ee)
o) 0O o)
g g e
0] 0] 0]
PPh, PAr, Ar= PAr, Ar= OMe
0 PPh, 0 PAr, 0 PAr,
<) <1 ve 1) -
0 0] 0
(R)-SEGPHOS (69%, 78% ee) (R)-DM-SEGPHOS (87%, 59% ee) (R)-DTBM-SEGPHOS (21%, 29% ee)

Asolated yield of.
®The ee's were determined by chiral HPLC.
°The yield could not be determined. Numerous sidelpets were present in the crude mixture and gatifin only provided a small pure sample for HPLC
analysis.
Table?2
Screening of solvents, bases and temperature.
COzMe

Me Me _« COM
| g 1) (MeO,C),CH, (2 equiv.), base (2 equiv.) Ve

g solvent(0.1 M), rt, 15 min O‘ F
iiy [Pd(allyl)CI], (5 mol%), (R)-SEGPHOS (x mol%)

(E)1 temp., 18 h 2
Entry Base Solvent X (Mol%) Temperature (°C) MED) ee (%)
1 NaH Toluene 10 110 33 67
2 NaH CHCN 10 85 71 69
3 NaH EO 10 40 20 75
4 NaH DCE 10 85 55 75
5 NaH Dioxane 10 70 67 71
6 NaH 2-Me-THF 10 70 61 76
7 NaH CHCI, 10 40 23 84
8 NaH THF/CHCI, (1:1) 10 70 66 77
9 NaH THF/CHCI, (1:3) 10 70 58 77
10 NaH THF 10 60 54 80
11 NaH THF 10 50 72 82
12 NaH THF 20 50 51 86
13 EbZn THF 20 50 0 -
14 KH THF 20 50 0 -
15 BSA (3 equiv.) THF 20 50 0 -
16 NaOMe THF 20 50 0 -
17 BSA (3 equiv.), KOAc (0.3 equiv.) THF 20 50 0 -
18 NaH THF 15 50 67 82
19 NaH THF 15 50 75 80

‘solated yield of.
®The ee's were determined by chiral HPLC.
“Molecular sieves (4A) were added to the reactioxtumé.



Further optimization of the reaction conditions widren
undertaken (Table 2). A screening of solvents (@ahlentries 1-
9) showed that when the reaction was run in tolueng) Br

3
effect of the alkene geometry on the reaction wadistl (Table
4). Higher yield and enantiomeric excess were obsestating
from (E)-1 (75%, 80% ee) compared t#){1 (66%, 55% ee)’

CH.CI, low yields and similar enantiomeric excess wereFurthermore, when a 29:78/Z mixture of 1 was used, the

observed compared to THF. Using of £, dioxane or 2-
methyl(tetrahydrofuran) provided similar results toHF.
Interestingly, performing the transformation in £} afforded2
with a higher enantiomeric excess (Table 2, entrh@vever, in
low yield due to an incomplete conversion. A mixtofeCH,Cl,
and THF was explored, but no improvement was obseaole
2, entries 8-9). To counter the formation of uniifexd side
products, lower temperatures (Table 2, entries J)0nkte tested,
and 50 °C was found to be the most efficient. It wated that

reactivity was found to be closer to that @j-( (68%, 58% ee).
The difference may be due to the nature of theteliesmericr-

allyl complex formed? Indeed, in the case of thE)(isomer, the
most stable symrallyl complex is initially produced while with
the (Z) isomer, the less stable amtallyl complex would be
generated. The latter could isomerize via-a-c mechanism
producing a mixture of diastereomerieallyl complexes, with
different (and lower) enantioselectivity. Afterwarttse influence
of the alkene substituent was evaluated. The replect of the

using 20 mol% of R)-SEGPHOS (Table 2, entry 12) provided a methyl group by an ethyl moiety resulted in a cdesible

small increase of the enantiomeric excess, buteaekpense of
the yield due to purification issues. Other basesevsereened
(Table 2, entries 13-17), but no formation of tliveaf product

was observed. Finally, using 15 mol% d&)-SEGPHOS and
adding 4A molecular sieves in the reaction mixtureviged a

good compromise between yield and enantioselectas®y was

isolated in 75% yield with 80% ee (Table 2, entry.19

In parallel, a few additional ligands structuralgtated to
SEGPHOS were screened (Table 3) using the conditiposteel
in entry 12 of Table 2. No reaction was observed0at® when

using R)-DIFLUORPHOS. However, at 70 °C, the product wasInfluence of the alkene geometry and the alkenstguln

obtained in 45% yield and 30% ee. In the cas&pSYNPHOS,
a good vyield was obtained (79%), but with
enantioselectivity (33% ee) compared R)-SEGPHOS. Finally,
(R)-Cs-TunePhos gave the monofluoroalkene with a beteddyi
but with a lower enantiomeric excess than wi}-$EGPHOS

(70%, 62% ee). In the endRESEGPHOS provided the highest

enantioselectivity and the conditions used in ed8yof Table 2
were used for the rest of the study.

Table3
Additional ligand screening®

CO,Me

Me i) (MeO,C),CH, (2 equiv.) Me
I F NaH (2 equiv.)

F THF (0.1 M), rt, 15 min

COzMe

CIor

ii) [Pd(allyl)Cl], (5 mol%)

- Ligand (20 mol%)
(E)1 50 °C, 18 h 2
<0 <10
0 PPh, 0 PPh,
o O PPh, e O PPh,
o F o

(R)-SEGPHOS (51%, 86% ee) (R)-DIFLUORPHOS (45%, 30% ee)®

8¢
o PPh, Co O PPh,
[0 C PPh o] PPh,
0 O

(R)-SYNPHOS (79%, 33% ee) (R)-C3-TunePhos (70%, 62% ee)

‘solated yield of.
The ee’s were determined by chiral HPLC.
‘Reaction was conducted at 70 °C.

As the synthesis of the 3,3-difluoropropenes allqvirdome
cases (vide infra), the separation of t& 4nd ¢) isomers, the

lower

decrease in the yields for botE){3 (15%) and Z)-3 (32%),
probably due to an increase in the steric hindraimterestingly,
the reaction showed a similar enantioselectivity Wiih3 (77%
ee) compared toE}-1, while it was superior forZ)-3 (70% ee)
compared to 4)-1. Finally, when a benzyl was present on the
alkene, less than 3% of the desired monofluoro&keras
observed. Overall, this transformation seems, utigercurrent
reaction conditions, limited to the use of methy$ubstituted
alkenes.

Table4
ta,b
CO,Me

R i) (MeO,C),CH, (2 equiv.) R

NaH (2 equiv.) COMe

g THF(0.1M), 1t, 15 min O‘ F
ii) [Pd(allyl)Cl], (5 mol%)

(R)-SEGPHOS (15 mol%)

1,34 50°C, 4 AMS,18 h 2,56

Influence of the alkene geometry
Me

Me Me
| F | F \
F F F

(E)-1(75%, 80% ee) (2)-1 (66%, 55% ee) 1 (68%, 58% ee)®

-n

Influence of the alkene substituant

Et Et
| F W; F
F F F

(E)-3 (15%, 77% ee) (2)-3 (32%, 70% ee) (2)-4 (<3%)

“solated yield o, 5-6.
®The ee’s were determined by chiral HPLC.

‘CompoundL was a 29:7E/Z mixture.

The influence of the ester groups on the malonatesuzdied
and as such, dimethylmalonate, diethylmalonate
diisopropylmalonate were subjected to the palladaatalyzed
reaction on )-1 and @)-1 (Table 5). For the reaction oE)(1,
the yields decreased from methyl (75%, 80% ee}hyl ¢66%,
81% ee) to isopropyl (52%, 83% ee), while the eamtric
excess stayed similar. A slightly different behawi@s observed
with  (2-1. The best results were obtained using
dimethylmalonate (66%, 55% ee), but diethylmalongdee a
lower yield with a similar enantiomeric excess (4185% ee)
and diisopropylmalonate gave a similar yield, buthva lower
enantiomeric excess (62%, 46% ee). Overall, the fessit was
obtained when using dimethylmalonate &)-1. Unfortunately,

and
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di-tert-butylmalonate, dibenzylmalonate and-substituted
malonates were unsuitable substrates for the tranafmn.

Table5
Influence of the malonate alkyl groups.

CO,R
Me i) (RO,C),CH; (2 equiv.) Me
NaH (2 equiv.) COR
g THF (0.1 M), rt, 15 min F
iiy [Pd(allyl)Cll, (5 mol%) O‘
(R)-SEGPHOS (15 mol%)
(2) or (B)1 50°C,4AMS,18h 2,78
From (E)-1
0O o 0O O 0 o0

MeOJ\/”\OMe

2 (75%, 80% ee)

EtOJ\/U\OEt

7 (66%, 81% ee)

i—PrOMOi—Pr

8 (52%, 83% ee)

From (2)-1

o O o O o O

/-ProMo/'-Pr

8 (62%, 46% ee)

MeO OMe

2 (66%, 55% ee) 7 (41%, 54% ee)

“solated yield o, 7-8.

®The ee’s were determined by chiral HPLC.

We next explored the extension of this reactiordiféerent
3,3-difluoropropene derivatives (Table 6). It slibhke noted that
in some cases, the separation of tBeahd ¢) alkenes was not
possible and thus, the catalytic reactions wereopmdd on the
mixture. The presence of a methoxy group on thetista
material (i.e.9) was well tolerated. Reaction on tB& mixture

i) (MeO,C),CH, (2 equiv.)
NaH (2 equiv.)
THF (0.1 M), rt, 15 min

ii) [Pd(allyl)Cl], (5 mol%)
(R)-SEGPHOS (15 mol%)
50°C,4AMS,18 h

COzMe

Me., Me.,
© COMe ©

50
2 from (2)-1 (75%, 80% ee)

2 from (E)-1 (66%, 55% ee)
2 from 1 (68%, 58% ee)°

CO,Me CO,Me
Me, Me.,
© COMe © COMe
s o

15 from (2)-10 (46%, 91% ee) 16 from 11 (76%, 80% ee)®

15 from (E)-10 (78%, 87% ee)

COgMe
CO,Me M
. °~">co,Me

CO,Me N
(I
Ph F

18 from 13 (18%, 24% ee)?

Me

17 from (2)-12 (47%, 3% ee)’
17 from (E)-12 (60%, 2% ee)f

solated yield of, 14-18.
®The ee’s were determined by chiral HPLC.

gave 14 (69%, 58% ee), with similar yields and enantiomericccompoundL was a 29:7E/Z mixture.

excesses than the ones observed wittEtHamixture of1 (68%,
58% ee). The reaction also tolerated heteroatomshén 6-
membered cyclic structure. In the case of the timmanone
derivative 10, the monofluoroalkenel5 was obtained with
moderate yield and high enantiomeric excess staftom )
(46%, 91% ee), and good yield and enantiomeric &xstarting
from (E) (78%, 87% ee). For the chromanone derivalite16
was observed in 76% yield and 80% ee, although ¢hetion

was performed on &/Z mixture of the 3,3-difluoropropene.

Unfortunately, starting from the indanot2, the five-membered
cycle equivalent, almost racemic monofluoroalkebié was
obtained in moderate yields from either isomer.alyn this
methodology can also be applied
difluoropropenel3 to give the terminal monofluoroalkeris,
but with low yield and enantiomeric excess (18%, 2&)%

Table6
Extension to other derivativés.

dCompound was a 24:76 mixture.

fCompoundLl was a 43:57 mixture.

‘Reaction conditions of Table 1 were usd®)®INAP (10 mol%), THF, 70
°C).

9Compoundl3 was a 18/82 mixture.

Finally, some transformations of were explored to
demonstrate the versatility of the monofluoroallembtained.
The diester can be reduced in the correspondirigliin good
yield (85%, 80% ee) using LiAlH Also, the use of benzyl
bromide in presence of sodium hydride allowed ttkglation in
alpha of the diester to gi\g9 in moderated yield (48%, 82% ee).

to the acyclic 3,3This transformation represents an alternative éoatidition of a

a-substituted malonate, an unsuccessful reactionemurtde
current conditions (vide supra). Finally, as showevipusly:***
2 can be transformed into the corresponding monodkigene
21 in a 2-step sequence (monodecarboalkoxylationdtysis;
57%, 80% ee/83%, 85% ee). The monofluoroalkeneatuing a
carboxylic acid obtained here can be seen as a-dahine”

isostere.



Reduction
CO,Me OH
Me _« Me _» OH
COMe LIAIH,
F - F
O‘ THF, -78 °C to rt O‘
16 h
2 (82% ee) (19, 83%, 80% ee)
Alkylation
COzMe MeOzC
Me _« Me _« Bn
CO,Me CO,Me
NaH, BnBr
F - F
SOMTTHOS
3h
2 (82% ee) (20, 48%, 82% ee)
Decarboxylation
CO,Me
Me 1) H,O, DMF Me
CO,Me uw, 200 °C CO,H
O o= Ly
—_—m
2) NaOH aq.
2 (79% ee) BOH, rt, 18 h (21, 83%, 85% ee)

Il
IV'ej"ﬂcozH
,L{N\fo

v

Scheme 1. Synthetic transformation &
3. Conclusion

The enantioselective palladium-catalyzed
malonates to 3,3-difluoropropenes was developed amvel
approach to enantioenriched functionalized monofatkenes.
A study of the impact on the structure of the allsemaed the
malonates was performed and some limitations weradfou
Further derivatization of the products was also ipessOverall,
the transformation reported herein represents e eaample of
enantioselective reactions involving the activatdm C-F bond.

4, Experimental section
Materials and Methods

The following includes general experimental proceduspecific
details for representative reactions and isolatioand
spectroscopic information for the new compounds gmegh All
reactions were carried out under an argon atmosphighedry
solvents. BEO, THF, CHCN, CH,CI, and toluene were purified
using a Vacuum Atmospheres Inc. Solvent Purificaystem.
All other commercially available compounds were usesd
received. Thin-layer chromatography (TLC) analysigeaction
mixtures was performed using Silicycle silica gel A0F254
TLC plates, and visualized under UX £ 254 nm) or by staining
with potassium permanganate. Flash column chromepbgr
was carried out on Silicycle silica gel 60 A, 230—408sh.'H,
¥c and™F NMR spectra were recorded in CQGit ambient

5
quartet, p = pentet, sext = sextet, hept = heptupte =
multiplet, bs = broad signal. High-resolution magectra were
obtained on a LC/MS-TOF Agilent 6210 using electragp
ionization (ESI) or atmospheric pressure photoiatiin (APPI).
Infrared spectra were recorded using a ABB MB 3000IFT
spectrometer. Melting points were recorded on a f&tdn
Research System OptiMelt capillary melting pointappus and
are uncorrected. Optical rotations were measuredJaseo DIP-
360 Polarimeter with a sodium lamp at ambient tewmipee.
Enantiomeric excesses were determined by HPLC asalgsing
a Hewlett Packard 1200 Series and Daicel Corporatdumms
(OJ-H, AD-H or IB)

4.1. General procedure

To a solution of NaH (2 equiv.) in THF (0.1 M, 1/3 thie total
amount) containing 4 A MS (approx. 10 mg) was adffegwise
dimethylmalonate (2 equiv.) at rt and the resultirgaction
mixture was stirred for 15 min. The 3,3-difluoropeme (1
equiv.) was dissolved in THF (0.1 M, 1/3 of the taaount)
and added dropwise, followed by a solution of [Pg(all], (5
mol%) and R)-SEGPHOS (15 mol%) in THF (0.1 M, 1/3 of the
total amount). The reaction mixture was then warne8Q °C
and stirred for 18 h. The reaction mixture was ctmlroom
temperature, quenched with,® and extracted with ED (3x).
The combined organic layers were washed with brineddver
MgSQ,, filtered and concentrated.

Dimethyl 2-(1-(2-fluoro-3,4-dihydronaphthalen-1-yhgk)

malonate 2)

For the racemic synthesis 2f see ref. 11. <1%e (determined
by chiral HPLC, OJ-H, hexanes/2-propanol = 98:2, flaterl.1
mL min?, t1 = 26.6 min,t.; = 29.9 min, wavelength = 254 nm;
or IB, hexanes/2-propanol = 95:5, flow rate 0.7 mln'?ntnl =
6.9 min, t,, = 7.4 min, wavelength = 220 nm). For the

additiorf o €nantioselective synthesis starting frord)-{, the general

procedure was performed on a 0.155 mmol scale te {81
mg, 66%) as a yellow oil by flash chromatography (3%
Et,O/toluene). [a]”p = +11.2 € 0.048, MeOH); 55%ee
(determined by chiral HPLC, IB, hexanes/2-propanobs:5,
flow rate 0.7 mL miff, t minor = 7.0 MIN, tymaor = 7.6 min,
wavelength = 220 nm). For the enantioselective ggithstarting
from (E)-1, the general procedure was performed on a 0.155
mmol scale to give (35 mg, 75%) as a yellow oil by flash
chromatography (3% BD/toluene). [a]*}, = +15.7 ¢ 0.48,
MeOH); 80% ee (determined by chiral HPLC, IB, hexanes/2-
propanol = 95:5, flow rate 0.7 mL rr‘nJlnt,,mi,w,= 6.9 min,t; major=

7.4 min, wavelength = 220 nm). For the enantioselect
synthesis starting from a mixturg){((Z) = 29:71 ofl, the general
procedure was performed on a 0.155 mmol scale te 2)i{82
mg, 68%) as a colourless oil by flash chromatogya(®?6
Et,Of/toluene). [a]”p, = +11.1 ¢ 0.48, MeOH); 58% ee
(determined by chiral HPLC, IB, hexanes/2-propanob5:5,
flow rate 0.7 mL mifl, tminor = 7.0 MiN, tmaor = 7.5 min,
wavelength = 220 nm).

Dimethyl
malonate %)

2-(1-(2-fluoro-3,4-dihydronaphthalen-1-ylymyl)

For the racemic synthesis &, the general procedure was

temperature using Agilent DD2 500 and Varian Inova 400ollowed on a 0.24 mmol scale oZ)(3 usingrac-BINAP (10

spectrometers'H and*

downfield of tetramethylsilanéHl NMR) or residual CHGI(*H
and®C NMR) as the internal standard. F&F NMR, CFC} is
used as the external standard. Coupling constaijtsare
measured in hertz (Hz). Multiplicities are reportading the
following abbreviations: s = singlet, d = doublet; triplet, q =

C chemical shifts are reported in ppm mol%) as the ligand and stirring at 70 °C. The @@sproduct

(14 mg, 18%) was isolated as a yellow oil by flash
chromatography (10% EtOAc/hexanes). IR (ATR, diamond
2955, 2839, 1755, 1738, 1670, 1435, 1225, 11487 1084 cril;

'H NMR (500 MHz, CDCJ) & 7.45 (1H, dJ = 7.9 Hz), 7.21 (1H,
m), 7.09 (2H, dJ) = 4.4 Hz), 4.03 (1H, d] = 11.3 Hz), 3.78 (3H,
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s), 3.45 (3H, s), 2.94-2.82 (2H, m), 2.49 (2HJ¢ 7.6 Hz),
1.78 (1H, m), 1.67 (1H, m), 0.88 (3H,X= 7.4 Hz);"*F NMR
(470 MHz, CDC}) § —96.0 (1F, s); **C NMR (126 MHz, CDG))
5 169.3, 168.5, 160.9 (dc.r= 270.0 Hz), 133.0, 127.3, 127.2,
126.7, 126.0 (dJc.r = 2.0 Hz), 123.7 (dJcr = 6.2 Hz), 119.3,
55.8 (d,Jcr = 5.0 Hz), 52.6, 52.2, 38.8, 29.2 @.-= 6.4 Hz),
254 (d, Jcg = 25.0 Hz), 25.1, 12.2; HRMS-ESI calcd for
CigHoFO, [M+H]™ 321.1497, found 321.1470; <1%e
(determined by chiral HPLC, IB, hexanes/2-propanob8g:2,
flow rate 0.8 mL mift, t1= 6.7 min,t,,= 7.1 min, wavelength =
254 nm). For the enantioselective synthesis staftiom £)-3,
the general procedure was performed on a 0.144 reoabé to
give 5 (16 mg, 32%) as a yellow oil by flash chromatogsaph
(3% EtOftoluene).[a]”, = +13.5 ¢ 0.72, MeOH); 70%ee
(determined by chiral HPLC, IB, hexanes/2-propanob8:2,
flow rate 0.8 mL miff, t minor = 6.7 MIN, tymaor = 7.1 min,
wavelength = 254 nm). For the enantioselective ggithstarting

from (E)-3, the general procedure was performed on a 0.14

mmol scale to gives (7 mg, 15%) as a yellow oil by flash
chromatography (3% ED/toluene) followed by a second flash

chromatography (3% ED/toluene). [ﬁ]jzul +10.7 ¢ 0.38,

MeOH); 77% ee (determined by chiral HPLC, IB, hexanes/2-

propanol = 98:2, flow rate 0.8 mL m’mt,,minor: 6.3 mMin,t; major =
6.8 min, wavelength = 254 nm).

Dimethyl 2-(1-(2-fluoro-3,4-dihydronaphthalen-1-yh-2
phenylethyl)malonatesy

For the racemic synthesis &, the general procedure was
followed on a 0.18 mmol scale oZ)(4 usingrac-BINAP (10
mol%) as the ligand and stirring at 70 °C. The @esproduct

(4 mg, 5%,not purg was isolated as a yellow oil by flash
chromatography (3% Ed/toluene)’H NMR (500 MHz, CDCJ)
8 7.53-7.46 (2H, m), 7.40-7.36 (2H, m), 7.32-7.28 (&1, 7.19-
7.16 (3H, m), 6.88 (1H, df] = 16.5, 1.6 Hz), 6.68 (1H, d,=
16.4 Hz), 5.07 (1H, bs), 3.77 (6H, s), 3,42 (1H, bs§s2.81
(2H, m), 2.52-2.47 (2H, m}°F NMR (470 MHz, CDGJ)  -95.5
(1F, s). As the substrate was not suitable, theicgaasing R)-
SEGPHOS was not performed. Furthermore, a
characterization was not performed as the final pebavas not
pure.

Diethyl
yhethyl)malonateq)

2-(1-(2-fluoro-3,4-dihydronaphthalen-1-

For the racemic synthesis af, the general procedure was
followed on a 0.183 mmol scale af){1 usingrac-BINAP (10
mol%) as the ligand, diethylmalonate (2 equiv.) #®e
nucleophile and stirring at 70 °C. The desired pmd (48 mg,
78%) was isolated as a colorless oil by flash chtography
(10% EtOAc/hexanes). IR (ATR, diamond)= 2980, 2897,
1751, 1726, 1452, 1367, 1225, 1148, 1028, 762;c NMR
(500 MHz, CDC}) é 7.42 (1H, dJ = 8.5 Hz), 7.21 (1H, di =
8.2, 4.2 Hz), 7.09 (2H, dl = 4.0 Hz), 4.25 (2H, g = 7.2 Hz),
4.01 (1H, dJ = 11.4 Hz), 3.95 (2H, ¢] = 7.21 Hz), 3.62 (1H,
dq,J=13.5, 7.1 Hz), 2.94-2.81 (2H, m), 2.43-2.40 (2H, n36-
1.27 (6H, m), 0.96 (3H, tJ = 7.1 Hz);"F NMR (470 MHz,
CDCly) 8 —97.8 (1F, s); °C NMR (126 MHz, CDGJ))  168.8,
168.2, 160.7 (dJcr= 269.4 Hz), 134.2 (dlc.-= 8.5 Hz), 133.0,
127.3, 126.7, 126.1 (dcr = 1.9 Hz), 123.1 (dJcr = 6.3 Hz),
116.3 (dJc..= 10.6 Hz), 61.5, 61.1, 56.7 (&.-= 5.6 Hz), 31.9,
29.0 (d,\]c_p: 6.8 HZ), 25.4 (d‘JC-F: 24.9 HZ), 15.6 (CUC—F: 2.6
Hz), 14.1, 13.7; HRMS-ESI calcd for,8,;FNO, [M+NH,]*
352.19487, found 352.19186; <1%e (determined by chiral
HPLC, OJ-H, hexanes/2-propanol = 93:7, flow rate 0.7mit",
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procedure -was' performed on a 0.155 mmol scale using
diethylmalonate (2 equiv.) instead of dimethylmatento give7

(21 mg, 41%) as a pink oil by flash chromatograpB$o
Et,O/toluene). [a]*} +20.2 € 0.20, MeOH); 54% ee
(determined by chiral HPLC, IB, hexanes/2-propanob%3,
flow rate 0.7 mL miff, t minor = 6.6 MIN, tymaor = 7.3 Min,
wavelength = 254 nm). For the enantioselective ggithstarting
from (E)-1, the general procedure was performed on a 0.155
mmol scale diethylmalonate (2 equiv.) instead of
dimethylmalonate to givé (33 mg, 66%) as a yellow oil by flash
chromatography (3% Bd/toluene). [a]*, = +11.3 ¢ 0.20,
MeOH); 81% ee (determined by chiral HPLC, IB, hexanes/2-
propanol = 97:3, flow rate 0.7 mL m’mtr,mmor: 6.5 min,t; major =

7.0 min, wavelength = 254 nm).

Diisopropyl
malonate &)

2-(1-(2-fluoro-3,4-dihydronaphthalen-1}gthyl)

éor the racemic synthesis &, the general procedure was
followed on a 0.18 mmol scale oZ)¢1 usingrac-BINAP (10
mol%) as the ligand, diisopropylmalonate (2 equiag the
nucleophile and stirring at 70 °C. The desired pot@& (41 mg,
63%) was isolated as a colorless oil by flash chtography
(5/35/60 EtOAc/toluene/hexanes). IR (ATR, diamond) 2980,
2837, 1747, 1728, 1672, 1452, 1225, 1182, 1099,cr62 H
NMR (500 MHz, CDC}) § 7.43 (1H, dJ = 7.8 Hz), 7.21 (1H,
m), 7.12-7.05 (2H, m), 5.11 (1H, hept,= 6.4 Hz), 4.81 (1H,
hept,J = 6.2 Hz), 3.94 (1H, dJ = 11.3 Hz), 3.59 (1H, dt] =
17.2, 6.6 Hz), 2.86 (2H, td, = 8.1, 2.6 Hz), 2.55-2.37 (2H, m),
1.38-1.21 (12H, m), 1.04 (3H, d= 6.2 Hz), 0.86 (3H, d] = 6.3
Hz); "F NMR (470 MHz, CDCJ) 5 —97.8 (1F, s); °C NMR (126
MHz, CDCL) & 168.4, 167.7, 160.6 (dc.r = 269.3 Hz), 134.4
(d, Jc.r= 8.6 Hz), 133.0, 127.3, 126.7, 126.0 Jd-= 1.9 Hz),
123.2 (dJce= 6.3 Hz), 116.5 (d).-= 10.9 Hz), 68.9, 68.5, 57.1
(d,Jcr= 5.6 Hz), 31.6, 29.0 (dc.r= 6.7 Hz), 25.4 (dJc.r= 24.9
Hz), 21.7, 21.6, 21.5, 21.0, 17.6 @@= 2.7 Hz); HRMS-ESI
calcd for GiH,gFO, [M+H]™ 363.1966, found 363.1954; <16é6
(determined by chiral HPLC, OJ-H, hexanes/2-propaneb,

fulflow rate 0.7 mL mift, t.1 = 5.8 min,t,, = 6.5 min, wavelength =

254 nm). For the enantioselective synthesis stafiom ©)-1,
the general procedure was performed on a 0.155 nscelk
using  diisopropylmalonate (2  equiv.) instead  of
dimethylmalonate to giv8 (35 mg, 62%) as a yellow oil by flash
chromatography (3% ED/toluene). [o]*, = +5.3 € 0.52,
MeOH); 46%ee (determined by chiral HPLC, AD-H, hexanes/2-
propanol = 97:3, flow rate 0.7 mL m’mt,,minor: 10.6 min,t; major

= 9.0 min, wavelength = 254 nm). For the enantiatieie
synthesis starting from Ej-1, the general procedure was
performed on a 0.155 mmol scale using diisopropldmate (2
equiv.) instead of dimethylmalonate to g®€29 mg, 52%) as a
yellow oil by flash chromatography (3% EXtoluene).fa]*p
+12.0 € 0.52, MeOH); 83%ee (determined by chiral HPLC,
AD-H, hexanes/2-propanol = 97:3, flow rate 0.7 mL’thaminO,
= 10.6 min,t; major= 9.1 min, wavelength = 254 nm).

Dimethyl 2-(1-(2-fluoro-7-methoxy-3,4-dihydronaphthmafeyl)
ethyl)malonate 14)

For the racemic synthesis d#4, the general procedure was
followed on a 0.223 mmol scale of a mixtueg/(Z) = 24:76 of9
usingrac-BINAP (10 mol%) as the ligand and stirring at 70 °C
The desired produd# (62 mg, 77%) was isolated as a colourless
oil by flash chromatography (10% EtOAc/hexanes). /R,
diamond)v = 2953, 2837, 1755, 1736, 1670, 1433, 1227, 1144,
1043, 818 cnt; '"H NMR (500 MHz, CDCJ) § 7.03-6.97 (2H,

t.; = 8.3 min,t,, = 10.1 min, wavelength = 254 nm). For the m), 6.63 (1H, ddJ = 8.2, 2.5 Hz), 4.05 (1H, d,= 11.3 Hz), 3.81

enantioselective synthesis starting frord)-{, the general

(3H, s), 3.78 (3H, s), 3,56 (1H, m), 3.51 (3H, s), 288 (2H,



m), 2.51-2.38 (2H, m), 1.31 (3H, d,= 7.0 Hz);"*F NMR (470
MHz, CDCk) & —97.1 (IF, s); °C NMR (126 MHz, CDG)) &
169.2, 168.5, 161.4 (dlo.r = 269.8 Hz), 158.7, 135.4 (dgr =
9.0 Hz), 127.9, 125.2, 116.2 (@.= 11.0 Hz), 110.2 (dJcr=

7
168.3, 151.5 (dJer = 271.5 Hz), 151.8, 128.1 (der = 2.2
Hz), 123.9 (dJor = 6.3 Hz), 122.2, 121.8 (dlcr = 6.1 Hz),
116.0, 114.0 (d)c.r= 7.9 Hz), 63.7, 63.4, 56.0 (&= 4.6 Hz),
52.6 (d,Je.r= 30.1 Hz), 31.1, 17.3 (der = 2.9 Hz); HRMS-ESI

6.6 Hz), 110.1 (dJcr= 2.0 Hz), 56.2, 55.4, 52.6, 52.2, 32.2, 28.1calcd for GgH,gFOs [M+H] " 309.1133, found 309.1163; <166

(d, ‘]C—F: 6.7 HZ), 25.8 (d‘JC-F: 24.6 HZ), 17.5 (CUC—F: 2.8 HZ),
HRMS-ESI calcd for GH,Fs [M+H]" 338.1480, found

338.1506; <1%ee (determined by chiral HPLC, IB, hexanes/2-

propanol = 97:3, flow rate 0.7 mL m’lnt,,lz 9.1 min,t,,= 9.7
min, wavelength = 254 nm). For the enantioselectiyethesis
starting from a mixture B)/(2) = 24:76 of 9, the general
procedure was performed on a 0.132 mmol scale t® W31
mg, 69%) as a colourless oil by flash chromatogyaft0%
EtOAc/hexanes).[a]”, = +6.3 € 0.33, MeOH); 58%ee
(determined by chiral HPLC, IB, hexanes/2-propanob%2,
flow rate 0.7 mL miff, tminor = 9.1 MIN, tymaor = 9.8 Min,
wavelength = 254 nm).

Dimethyl
(15

2-(1-(3-fluoro-2H-thiochromen-4-yl)ethyl)maide

For the racemic synthesis db, the general procedure was
followed on a 0.236 mmol scale d){10 usingrac-BINAP (10
mol%) as the ligand and stirring at 70 °C. The ebproductl5
(45 mg, 58%) was isolated as a yellow oil
chromatography (3% HED/toluene). IR (ATR, diamondy =
2955, 2847, 1751, 1738, 1664, 1435, 1263, 11983,1935 cn;
'"H NMR (500 MHz, CDCJ) & 7.52 (1H, dJ = 7.9 Hz), 7.30 (1H,
dd,J=7.7, 1.4 Hz), 7.20 (1H, m), 7.09 (1H, = 7.5, 1.3 Hz),

4.05 (1H, dJ = 11.4 Hz), 3.78 (3H, s), 3.56 (1H, m), 3.54 (3H,

s), 3.50-3.31 (2H, m), 1.33 (3H, d,= 6.7 Hz);"F NMR (470
MHz, CDCk) 5 -94.3 (1F, tJ = 10.9 Hz);"*C NMR (126 MHz,
CDCl;) 6 169.0, 168.4, 154.5 (d¢.r= 275.7 Hz), 133.9 (dlc.r=
6.8 Hz), 129.7, 127.3, 126.8 (.- = 1.8 Hz), 126.3, 125.3 (d,
Jor= 5.6 Hz), 118.1 (dJor = 12.8 Hz), 56.2 (dJor = 5.8 Hz),
52.6, 52.4, 34.2, 26.1 (dg.r = 31.4 Hz), 17.6 (dJor = 3.2 Hz);
HRMS-ESI caled for GH.FO,S [M+H]" 325.0904, found

325.0903; <1%ee (determined by chiral HPLC, IB, hexanes/2-

propanol = 96:4, flow rate 0.7 mL m’lnt,,lz 8.3 min,t,, = 8.8
min, wavelength = 254 nm). For the enantioselectiyethesis

(determined by chiral HPLC, IB, hexanes/2-propanob6:4,
flow rate 0.7 mL miff, t.1 = 7.8 min,t,, = 8.5 min, wavelength =
220 nm). For the enantioselective synthesis starfiom a
mixture E)/(2) = 43:57 of 11, the general procedure was
performed on a 0.155 mmol scale to gh&(26 mg, 76%) as a
colourless oil by flash chromatography (10% EtOAc#res).
[a]”p = +5.5 € 0.24, MeOH); 80%ge (determined by chiral
HPLC, IB, hexanes/2-propanol = 96:4, flow rate 0.7 min™,
teminor= 7.9 MiN,t maior= 8.6 Min, wavelength = 220 nm).

Dimethyl 2-(1-(2-fluoro-1H-inden-3-yl)ethyl)malonater)

For the racemic synthesis df7, the general procedure was
followed on a 0.278 mmol scale d){12 usingrac-BINAP (10
mol%) as the ligand and stirring at 70 °C. The ebproductl?
(45 mg, 57%) was isolated as a vyellow oil by flash
chromatography (10% EtOAc/hexanes). IR (ATR, diamond)
2955, 2843, 1790, 1736, 1437, 1271, 1155, 1009, P42 cni;

"H NMR (500 MHz, CDCJ)  7.34 (1H, dtJ = 7.4, 1.1 Hz), 7.29

by flash(2H, d,J = 7.3 Hz), 7.15 (1H, td] = 7.5, 1.2 Hz), 3.93 (1H, d,

= 11.0 Hz), 3.79 (3H, s), 3.64 (1H, m), 2.88 (3H, mA23(2H,
m), 1.34 (3H dJ = 7.4 Hz);"*F NMR (470 MHz, CDG) &
—122.0 (IF, s); *°C NMR (126 MHz, CDG)) & 168.8, 168.3,
163.2 (dJc.r= 281.4 Hz), 141.9 (dlc.c= 7.0 Hz), 134.8 (d)c.r
=8.1 Hz), 126.8, 124.4 (de.r= 4.3 Hz), 123.7 (djc.r= 1.4 Hz),
119.6 (d,Jcr= 8.1 Hz), 119.4 (dJcr= 6.7 Hz), 55.9 (dJc.r =
2.8 Hz), 52.6, 52.4, 35.1 (d¢r= 21.1 Hz), 29.8 (dJc.-= 1.9
Hz), 16.9 (d,Jc.r = 2.2 Hz); HRMS-ESI calcd for H;sFO;,
[M+H]" 293.11836, found 293.12063; <1&& (determined by
chiral HPLC, IB, hexanes/2-propanol = 99:1, flow rat8 mL
min™, t,; = 8.6 min,t,,= 9.2 min, wavelength = 220 nm). For the
enantioselective synthesis starting fro)-{2, the general
procedure was performed on a 0.278 mmol scale u@frg
BINAP (10 mol%) as the ligand and stirring at 70 °The
desired product7 (38 mg, 47%) was isolated as a yellow oil by

starting from £)-10, the general procedure was performed on &lash chromatography (10% EtOAc/hexandsi]’’s = +4.0 €

0.141 mmol scale to givis (21 mg, 46%) as a pinky oil by flash
chromatography (3% B/toluene). [a]*, = +26.2 ¢ 0.33,

MeOH); 91% ee (determined by chiral HPLC, IB, hexanes/2-

propanol = 96:4, flow rate 0.7 mL rr‘nJlntr,mi,w,= 8.3 min,t; major=
9.0 min, wavelength = 254 nm). For the enantioselect
synthesis starting from Ej-1, the general procedure was
performed on a 0.141 mmol scale to gk (38 mg, 78%) as a
colourless oil by flash chromatography (3%@toluene)a]*,

= +20.5 € 0.33, MeOH); 87%ee (determined by chiral HPLC,
IB, hexanes/2-propanol = 96:4, flow rate 0.7 mL 'ﬁﬂifﬂ,minoF
8.3 min,t; major= 8.9 min, wavelength = 254 nm).

Dimethyl 2-(1-(3-fluoro-2H-chromen-4-yl)ethyl)malonéi6)

For the racemic synthesis d6, the general procedure was
followed on a 0.204 mmol scale of a mixtue8/(Z2) = 43:57 of

0.28, MeOH); 3% ee (determined by chiral HPLC, 1B,
hexanes/2-propanol = 99:1, flow rate 0.8 mL ’r"r,1inymino,= 8.5
min, tmaor = 9.1 min, wavelength = 220 nm). For the
enantioselective synthesis starting frorg)-{2, the general
procedure was performed on a 0.278 mmol scale u@frg
BINAP (10 mol%) as the ligand and stirring at 70 °The
desired product7 (49 mg, 60%) was isolated as a yellow oil by
flash chromatography (10% EtOAc/hexandsi’, = +2.8 €
0.28, MeOH); 2% ee (determined by chiral HPLC, 1B,
hexanes/2-propanol = 99:1, flow rate 0.8 mL ’r"r,1inymino,= 8.4
min, t; major= 9.1 Min, wavelength = 220 nm).

(2)-dimethyl
yl)malonate 18)

2-(3-([1,1'-biphenyl]-4-yl)-4-fluorobtg-en-2-

For the racemic synthesis diB, the general procedure was

11 usingrac-BINAP (10 mol%) as the ligand and stirring at 70 followed on a 0.205 mmol scale of a mixtut/(2) = 18:82 of
°C. The desired product6 (51 mg, 84%) was isolated as a 13 usingrac-BINAP (10 mol%) as the ligand and stirring at 70

colorless oil by flash chromatography (10% EtOAc/es). IR

°C. The majorZ-isomer 18 (19 mg, 26%) was isolated as a

(ATR, diamond)v = 2955, 2845, 1755, 1736, 1690, 1487, 1252 colorless oil by flash chromatography (3%.,®&toluene). IR

1189, 1144, 928 cih 'H NMR (500 MHz, CDCJ) & 7.40 (1H,
dd,J=7.9, 1.6 Hz), 7.11 (1H, td,= 7.7, 1.6 Hz), 6.99 (1H, §,
= 7.6 Hz), 6.85 (1H, dd] = 8.0, 1.3 Hz), 4.66 (4.66 (2H, d=
3.9 Hz), 3.99 (1H, dJ = 11.3 Hz), 3.79 (3H, s), 3.60 (1H, m),
3.55 (3H, s), 1.31 (3H, d] = 6.8 Hz);"F NMR (470 MHz,
CDCly) 8 —113.7 (IF, s); ®C NMR (126 MHz, CDCJ) 5 168.8,

(ATR, diamond)v = 3030, 2953, 1755, 1736, 1666, 1489, 1435,
1273, 1196, 1009 ch 'H NMR (500 MHz, CDCJ) & 7.62-7.58
(4H, m), 7.45 (2H, t) = 7.7 Hz), 7.38-7.31 (3H, m), 3.73 (3H, s),
3.72 (3H, s), 3.49 (1H, d,= 9.6 Hz), 3.33 (1H, m), 1.20 (3H, d,
J = 6.9 Hz);"F NMR (470 MHz, CDCJ) 5 -130.9 (1F, dJ =
83.2 Hz);"*C NMR (126 MHz, CDGC)) § 168.5, 168.3, 146.2 (d,
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Jer= 260.4 Hz), 140.6 (dlcr= 1.3 Hz), 132.5 (dJc= 1.9
Hz), 129.54, 129.52, 128.8, 127.4, 127.1, 127.0,9%d, Jor =
4.8 Hz), 56.0 (dJc-= 2.9 Hz), 52.6, 52.5, 36.3 (dz.r= 5.6
Hz), 17.3 (d,Jcr = 2.3 Hz); HRMS-ESI calcd for £H,,FO,
[M+H]" 357.1497, found 357.1495; <1%e (determined by
chiral HPLC, IB, hexanes/2-propanol = 95:5, flow rat& mL
min™, t1 = 8.5 min,t ;= 9.0 min, wavelength = 254 nm). The
stereochemistry of the alkene was proven by'HIBH-NOESY
and NOE experiments. For the enantioselective syistiséarting
from a mixture E)/(Z2) = 18:82 ofl13, the general procedure was
performedon a 0.123 mmol scale to give the major isorZgg
(8 mg, 18%) as a colourless oil by flash chromatpgy (3%
Et,O/toluene)[a]*’s = —1.3 € 0.40, MeOH); 24%e (determined
by chiral HPLC, IB, hexanes/2-propanol = 95:5, flater0.7 mL
min™, te minor= 9.1 MiN,t major= 8.6 Min, wavelength = 254 nm).

4.2. Synthetic transformation of 2
4.2.1 ReductionError! Bookmark not defined.

2-(1-(2-fluoro-3,4-dihydronaphthalen-1-yl)ethyl)mane-1,3-
diol2-(1-(2-fluoro-3,4-dihydronaphthalen-1-yl)ethgtopane-
1,3-diol @9)

LiAIH 4 (22 mg, 0.59 mmol, 6 equiv.) was added to THF (BL3
0.03 M) at —-78 °C. Then, the racemic monofluoroata (30
mg, 0.098 mmol, 1 equiv.) was added dropwise. Theurexwas
stirred at -78 °C for 1 h, then allowed to warm tmmo
temperature overnight. The reaction was cooled t€,0sat. aqg.
NaCO; was added and the reaction was filtered usin@.Ethe
organic layer was separated, dried ovenL3@, filtered and
concentrated. Flash chromatography (5% MeOHB@H
afforded the final produd9 as a white solid (20 mg, 81%). mp =
79.6-83.8 °C; ; IR (ATR, diamond) = 3350, 2941, 2887, 1666,
1485, 1178, 1148, 1065, 762 ¢mH NMR (500 MHz, CDCY)) &
7.38 (1H, dJ=7.8 Hz), 7.19 (1H, td] = 7.4, 1.9 Hz), 7.16-7.08
(2H, m), 4.06 (1H, ddj = 10.9, 2.8 Hz), 3.90 (1H, dd,= 10.9,
6.1 Hz), 3.83 (10.8, 3.3 Hz), 3.70 (1H, dds 10.7, 5.9 Hz), 3.09

(1H, dg,d = 13.1, 6.4 Hz), 2.97-2.85 (2H, m), 2.54-2.45 (2H, m)

2.19 (1H, m), 1.34 (3H, dJ = 7.1 Hz);"*F NMR (470 MHz,
CDCly) 5 —98.5 (1F, s); *C NMR (126 MHz, CDGJ) 3 159.9 (d,
Jor= 267.4 Hz), 133.5, 127.6, 126.73, 126.70, 126,1{d =
1.8 Hz), 123.3 (dJc.r= 6.3 Hz), 117.6 (dJe.r = 11.3 Hz), 65.8,
64.6, 44.7 (dJc.r= 3.4 Hz), 29.2 (d)c-= 6.8 Hz), 28.4, 25.4 (d,
Jer = 25.7 Hz), 17.2 (dJcr = 3.3 Hz); HRMS-ESI calcd for
CisHooFO, [M+H]® 251.1442, found 251.1427; <1%e
(determined by chiral HPLC, IB, hexanes/2-propanodG:10,
flow rate 0.7 mL miil, ty, = 10.6 min, ty = 11.9 min,
wavelength = 220 nm). The reaction was also perforosidg
the same protocol on a 0.096 mmol scale of the tereamiched
monofluoroalkene (30 mg, 82%e€. The final productl9 (20
mg, 83%) was isolated as a white solid by flash clatography
(5% MeOH/CHCL,). [a]*, = +21.3 € 0.78, MeOH); 80%ee
(determined by chiral HPLC, IB, hexanes/2-propano®G:10,
flow rate 0.7 mL miil, ty, = 10.6 min, tpy = 11.9 min,
wavelength = 220 nm).

4.2.2 AlkylationError! Bookmark not defined.

Dimethyl 2-benzyl-2-(1-(2-fluoro-3,4-dihydronaphthale-
ylhethyl)malonatg20)

NaH (60% in mineral oil, 4 mg, 0.108 mmol, 1.1 equiwas
added to DMF (0.98 mL, 0.1 M) at O °C, followed by tlacemic
monofluoroalkene2 (29 mg, 0.098 mmol, 1 equiv.) and the
mixture was stirred for 15 min. Benzyl bromide (14, 0.118
mmol, 1.2 equiv.) was added and the reaction wastestt100
°C for 3 h. EtOAc was added, and the organic layerwsashed
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with brine (3%) to remove the DMF, and then driedrovigSQ,
and concentrated. Purification by flash chromatplya(10%
EtOAc/hexanes) afforded the final prod26t(22 mg, 57%) as a
colourless ail. IR (ATR, diamond) = 3030, 2949, 2839, 1724,
1668, 1433, 1259, 1178, 1090, 1034 'criH NMR (500 MHz,
CDCly) 8 7.38 (1H, m), 7.20 (1H, m), 7.15-7.09 (5H, m), 7.07-
7.01 (2H, m), 3.83 (1H, g = 6.8 Hz), 3.73 (3H, s), 3.44 (1H, d,
J = 13.7 Hz), 3.40 (3H, s), 3.07 (1H, ttl= 15.0, 6.7 Hz), 2.90-
2.73 (2H, m), 2.57 (1H, tdl = 15.7, 6.5 Hz), 2.42 (1H, s), 1.49
(3H, d,J = 7.2 Hz);"F NMR (470 MHz, CDGCJ) § -92.1 (1F, d,

J = 13.9 Hz);"*C NMR (126 MHz, CDCJ) § 171.2, 170.6, 161.9
(d,J = 270.8 Hz), 137.0, 135.5 (dg.r = 9.2 Hz), 133.3, 130.2,
127.7, 127.5, 126.8, 126.6, 126.0 Jdr = 1.8 Hz), 123.0 (dJc.r

= 6.2 Hz), 114.4 (d)cr = 11.7 Hz), 63.9, 51.9, 51.8, 41.0, 37.9,
29.1 (d,Jcr = 6.7 Hz), 25.8 (dJcr = 25.4 Hz), 16.1 (dJcr =
5.5 Hz); HRMS-ESI calcd for GH,FO, [M+H]" 397.1810,
found 397.1810; <1%ee (determined by chiral HPLC, IB,
hexanes/2-propanol = 96:4, flow rate 0.7 mL ik, = 6.1
min, tny= 6.5 min, wavelength = 254 nm). The reaction was als
performed using the same protocol on a 0.096 meelef the
enantioenriched monofluoroalkee29 mg, 82%e¢g. The final
product20 (18 mg, 48%) was isolated as a colourless oil ghfla
chromatography (10% EtOAc/hexanel]*, = -6.4 ¢ 0.98,
MeOH); 83% ee (determined by chiral HPLC, IB, hexanes/2-
propanol = 96:4, flow rate 0.7 mL mint,,= 6.1 min,tm,= 6.5
min, wavelength = 254 nm).

Error! Bookmark not defined.

4.2.3. Decarboxylation
Methyl 3-(2-fluoro-3,4-dihydronaphthalen-1-yl)butaie @1a)

H,O (18 mg, 1.00 mmol, 2.4 equiv.) was weighted in a
microwave vial, and a solution of the racemic monafbalkene

2 (128 mg, 0.418 mmol, 1 equiv.) in DMF (4.2 mL, O was
next added. The mixture was stirred at 200 °C fom¥butes
under microwave irradiation, and then brought baclambient
temperature. ED and water were added, and the layers were
separated. The ethereal layer was washed with watgrk{fine
(1x), dried over Ng5Q,, filtered and concentratad vacuo The
desired product (70 mg, 68%) was isolated as ales®wil by
flash chromatography using 100% toluene. IR (ATRptbnd)v

= 2949, 2839, 1736, 1672, 1435, 1223, 1148, 1088,c¢"; 'H
NMR (500 MHz, CDC)) & 7.37 (1H, dJ = 7.8 Hz), 7.22 (1H,
m), 7.15-7.02 (2H, m), 3.66 (3H, s), 3.36 (1H, app.Hax.J =
7.1 Hz), 2.91 (2H, td) = 8.1, 2.7 Hz), 2.82-2.70 (2H, m), 2.49
(2H, td,J = 8.1, 6.4 Hz), 1.34 (3H, d,= 6.6 Hz);"*F NMR (470
MHz, CDCk) & —99.6 (1F, s); °C NMR (126 MHz, CDG)) 5
173.4, 160.3 (dJcr= 268.4 Hz), 134.5 (dlc.-= 8.5 Hz), 133.3,
127.5, 126.7, 125.9 (dcr = 1.9 Hz), 122.8 (dJcr = 6.6 Hz),
117.8 (dJce=10.7 Hz), 51.5, 39.9 (dc.-= 5.2 Hz), 29.1 (dJ..

E= 7.1 HZ), 286, 25.5 (d]c_;:: 25.3 HZ), 19.2 (CUC—F: 3.7 HZ),
HRMS-ESI caled for GHigFO, [M+H]" 249.1285, found
249.1268; <1%ee (determined by chiral HPLC, IB, hexanes/2-
propanol = 95:5, flow rate 0.7 mL m’mt,,minor: 6.0 min,t; major =

7.5 min, wavelength = 254 nm).The reaction was atsfopmed
using the same protocol on a 0.234 mmol scale & th
enantioenriched monofluoroalke@g72 mg, 79%e¢g. The final
product2la (33 mg, 57%) was isolated as a colourless oil by
flash chromatography using 100% toluefie]”; = +12.9 ¢
0.49, MeOH); 80%ee (determined by chiral HPLC, IB,
hexanes/2-propanol = 95:5, flow rate 0.7 mL ’r"r,1inymim,,= 6.1
min, t; major= 7.3 mMin, wavelength = 254 nm).

3-(2-fluoro-3,4-dihydronaphthalen-1-yl)butanoic d¢1)

To a solution of the racemic est2ta (70 mg, 0.28 mmol) in
EtOH (1.2 mL, 0.24 M) was added aqueous NaOH (0.5 M, 1.1
mL, 0.57 mmol, 2 equiv.). The resulting mixture wasred at



ambient temperature for 18 hours. HCI (3 M) was addad the
aqueous mixture was extracted with EtOAc (3x). The mma
layers were combined, washed with brine, dried ovesSNa
filtered and concentrateith vacuo The desired produ@l (63
mg, 95%) was isolated as a colorless oil by flasiormlatography
using 3% MeOH/CECL,. IR (ATR, diamond)v = 3061, 2932,
2625, 1701, 1663, 1414, 1294, 905, 760 ciH NMR (500
MHz, CDCk) & 7.34 (1H, dJ = 7.8 Hz), 7.20 (1H, m), 3.33 (1H,
app. br. hex.J = 7.3 Hz), 2.89 (2H, td) = 8.1, 2.6 Hz), 2.85-
2.72 (2H, m), 2.47 (2H, d§ =9.2, 6.9 Hz), 1.35 (3H, d,= 7.0
Hz); ">F NMR (470 MHz, CDCJ)  —99.5 (1F, s); °C NMR (126
MHz, CDCE) & 179.4, 160.4 (dJc.r= 268.5 Hz), 134.4 (dlc.r=
8.6 Hz), 133.3, 127.5, 126.7, 126.0 §d-= 1.9 Hz), 122.7 (d,
‘]C-F: 6.3 HZ), 117.6 (dJc_Fz 10.9 HZ), 39.8 (dJC-F: 54 HZ),
29.0 (d,Jc.r= 6.8 Hz), 28.3, 25.5 (dlc. = 25.2 Hz), 19.2 (d)c.r
= 3.3 Hz); HRMS-ESI calcd for £H,FO, [M+H]™ 235.1129,
found 235.1106; <1%e (determined by chiral HPLC, AD-H,
hexanes/2-propanol = 98:2, flow rate 1.1 mL'ﬁnmminor: 14.3

min, t major = 16.6 min, wavelength = 254 nm). The reaction was

also performed using the same protocol on a 0.1138Irscale of
the enantioenriched est2ta (33 mg, 80%e¢. The final product
21 (26 mg, 83%) was isolated as a colourless oil bghfla
chromatography (3% MeOH/GBI,). [a]*, = +6.9 € 0.44,
MeOH); 85%ee (determined by chiral HPLC, AD-H, hexanes/2-
propanol = 98:2, flow rate 1.1 mL rﬁnt,,minor: 17.2 min,t, major

= 14.8 min, wavelength = 254 nm).

Acknowledgments

This work was supported by the Natural
Engineering Research Council of Canada (NSERC)FBR@NT
Centre in Green Chemistry and Catalysis (CCVC), tRQRT
Network for Research on Protein Function, Engineerizgd
Applications (PROTEO), and the Université Laval. M.tianks
NSERC for a Vanier Canada Graduate Scholarship.

Supplementary Material

Electronic supplementary information (ESI) avai&bFull
experimental details for the synthesis of the 3ff8iaopropenes
and'H, °C, and"F NMR spectra for all the new compounds.

Refer ences and notes

1. (a) T. Hiyama, in Organofluorine Compounds; Chemisind
Applications, ed. H. Yamamoto, Springer, New Yo2000 and
references cited therein; (b) D. O’Hag@hem. Soc. Rex008,
37, 308-319.

2. Selected recent reviews: (a) Muller, K.; Faeh, Qiederich, F.
Science2007, 317, 1881-1886; (b) Purser, S.; Moore, P. R,
Swallow, S.; Gouverneur, \Chem. Soc. Re2008, 37, 320-330;
(c) Hagmann, W. K. J. Med. Chem2008, 51, 4359-4369; (d)
Kirk, K. L. Org. Process Res. De2008, 12, 305-321; (e) I.
Ojima, Fluorine in Medicinal Chemistry and Chemi@&iblogy,
Wiley-Blackwell, Chichester, 2009; (f) Wang, J.; n8hez-
Rosell6, M.; Acefia, J. L.; del Pozo, C.; SorockynsA. E.;
Fustero, S.; Soloshonok, V. A.Liu, KChem. Rev2014, 114
2432-2506; (g) Gillis, E. P.; Eastman, K. J.; HiN. D;
Donnelly, D. J.; Meanwell, N. AJ. Med. Chem2015, 58, 8315—
8359.

3. Selected reviews: (a) Jeschke, ThemBioChen2004, 5, 570—
589; (b) Jeschke, ARest Manage. ScR010, 66, 10-27; (c) P.
Jeschke, in The Unique Role of Halogen Substituémtshe
Design of Modern Crop Protection Compounds in Moder
Methods in Crop Protection Research, ed. P. Jeschike
Kraemer, U. Schirmer and M. Witschel, Wiley-VCH, Migeim,
2012, p. 73; (d) Fujiwara, T.; O'Hagan, D. Fluorine Chem.
2014, 167, 16-29.

4. Review: Berger, R.; Resnati, G.; Metrangolo, P.;béfe E.;
Hulliger, J.Chem. Soc. Re2011, 40, 3496—3508.

Sciences and

6.

7.

9.

10.

11.

12.

13.

14.

15.

9

For selected recent examples, see: (a) Chang, \bsjeyl R. T.;
Bansal, S.; Keilman, M.; Lam, A. M.; Furman, P. 8fto, M. J.;
Sofia, M. J.Bioorg. Med. Chem. LetR012, 22, 2938-2942; (b)
Choi, W. J.; Chung, H.-J.; Chandra, G.; Alexandér,Zhao, L.
X.; Lee, H. W.; Nayak, A.; Majik, M. S.; Kim, H. OKim, J.-H.;
Lee, Y. B.; Ahn, C. H,; Lee, S. K,; Joeng, L. 5.Med. Chem.
2012, 55, 4521-4525; (c) Urban, J. J.; Tillman, B. G.; Gnorw.
A. J. Phys. Chem. R006, 110, 11120-11129; (d) Malo-Forest,
B.; Landelle, G.; Roy, J.-A.; Lacroix, J.; GaudrkalR. C.;
Paquin, J.-FBioorg. Med. Chem. LetR013, 23, 1712-1715; (e)
Huleatt, P. B.; Khoo, M. L.; Chua, Y. Y.; Tan, T.Wiew, R. S;
Balogh, B.; Deme, R.; Goloncsér, F.; Magyar, K. SaeD. P.;
Ho, H. K.; Sperlagh, B.; Matyus, P.; Chai, C. L.JLMed. Chem.
2015, 58, 1400-1419; (f ) Cheng, J.; Giguére, P. M.; Orja.
K.; Lv, W.; Gaisin, A.; Gunosewoyo, H.; Schmerbefg, M.;
Pogorelov, V. M.; Rodriguiz, R. M.; Vistoli, G.; \i&l, W. C.;
Roth, B. L.; Kozikowski, A. PJ. Med. Chem2015, 58, 1992—
2002; (g) Hohlfeld, K.; Wegner, J. K.; Kesteleyn, IBnclau, B.;
Unge, JJ. Med. Chen015, 58, 4029-4038.

Drouin, M.; Paquin, J.-Beilstein J. Org. Chen2017, 13, 2637—
2658.

For reviews on their synthesis, see: (a) Landéle, Turcotte-
Savard, M.-O.; Bergeron; M.; Paquin, J.hem. Soc. Ref2011,
40, 2867-2908. (b) Yanai, H.; Taguchi, Eur. J. Org. Chem.
2011, 5939-5954. (c) Hara, Sop. Curr. Chem2012, 327, 59—
86. (d) Drouin, M.; Hamel, J.-D.; Paquin, J.9ynthesi®018, 50,
881-955.

(a) Pigeon, X.; Bergeron, M.; Barabé, F.; Dubé,APast, H. N.;
Paquin, J.-FAngew. Chem. Int. EQR010, 49, 1123-1127. (b)
Bergeron, M.; Johnson, T.; Paquin, J.Angew. Chem. Int. Ed.
2011, 50, 11112-11116. (c) Bergeron, M.; Guyader, D.; Paqui
J.-F. Org. Lett. 2012, 14, 5888-5891. (d) Hamel, J.-D.; Drouin,
M.; Paquin, J.-FJ. Fluorine Chem2015, 174, 81-87.

Accounts: (a) Paquin, J.-Bynlett2011, 289-293. (b) Drouin, M.;
Hamel, J.-D.; Paquin, J.-Bynlett2016, 821-830.

For a related strategy usingemchlorofluoropropenes, see:
Hamel, J.-D.; Cloutier, M.; Paquin, J.-Rrg. Lett. 2016, 18,
1852-1855.

Drouin, M.; Tremblay, S.; Paquin, J.4Brg. Biomol. Chen2017,
15, 2376-2384.

(a) Nishimine, T.; Fukushi, K.; Shibata, N.; Taitd, Tokunaga,
E.; Yamano, A.; Shiro M.; Shibata, Mngew. Chem., Int. Ed.
2014, 53, 517-520; (b) Nishimine, T.; Taira, H.; Tokunada;
Shiro, M.; Shibata, NAngew. Chem., Int. E@016, 55, 359—-363;
(c) Tanaka, J.; Suzuki, S.; Tokunaga, E.; Haufe Shipata, N.
Angew. Chem., Int. EQ016, 55, 9432—-9436.

It has not been possible, so far, to determine dbsolute
stereochemistry of any of the chiral products geteet in this
study.

In our previous communication, we reported thattiea of )-1
provided racemi; however, it was later found that this result
was due to a faulty chiral column.

Trost, B. M.; Crawley, M. LChem. Rev2003, 103 2921-2943.



