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Savoir analyser un article de chimie organique...

|
Pour simplifier, il existe deux « grands » types d’articles en chimie

organique :

1. Méthodologie de synthese
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2. Synthese totale d’'une molécule
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Savoir analyser un article de chimie organique...

Avec parfois, des applications en chemical-biology, en chimie

médicinale, en physique, pour la compréhension des mécanismes...
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Il existe également des revues...
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Recent Advances in the Total Synthesis of the
Tetrahydroisoquinoline Alkaloids (2002—2020)

Alexia N. Kim, Aurapat Ngamnithiporn, Emily Du, and Brian M. Stoltz*

Cite This: Chem. Rev. 2023, 123, 94479496 I:I Read Online
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ABSTRACT: The tetrahydroisoquinoline (THIQ) natural products constitute one of the
largest families of alkaloids and exhibit a wide range of structural diversity and biological
activity. Ranging from simple THIQ natural products to complex trisTHIQ alkaloids such as
the ecteinascidins, the chemical syntheses of these alkaloids and their analogs have been
thoroughly investigated due to their intricate structural features and functionalities, as well
as their high therapeutic potential. This review describes the general structure and
biosynthesis of each family of THIQ alkaloids as well as recent advancements of the total
synthesis of these natural products from 2002 to 2020. Recent chemical syntheses that have
emerged harnessing novel, creative synthetic design, and modern chemical methodology will
be highlighted. This review will hopefully serve as a guide for the unique strategies and tools used in the total synthesis of THIQ_
alkaloids, as well as address the longstanding challenges in their chemical and biosynthesis.

Catalytic Asymmetric Synthesis of Atropisomers Featuring an Aza Axis

Jia Feng, Chuan-Jun Lu, and Ren-Rong Liu*

Accounts of Chemical Research 2023, 56,18, 2537-2554 (Article) [ Subscribed ]
Publication Date (Web): Septernber 11, 2023

[ Abstract 3 Fulltext PDF

~  ABSTRACT

@ Review Article

Green metrics in mechanochemistry

Nicolas Fantozzi, Jean-Noél Volle, Andrea Porcheddu, David Virieux, Felipe Garcia and Evelina Colacino

The guantitative assessment of the greenness of mechanochemical processes for green metrics were

calculated is herein reported. A general introduction to the topic, variables influencing the reaction outcome

and, an outlook are also provided.

The article was first published on 11 Sep 2023
Chem. Soc. Rev.,2023,52, 6680-6714
https://doi.org/10.1039/D2CS00997H
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Plusieurs éditeurs, plusieurs journaux, plusieurs formats d’articles

mais toujours les mémes informations « clés » :

The Journal of Organic Chemistry
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Amide-Directed Intramolecular Co(lll)-Catalyzed C—H
Hydroarylation of Alkenes for the Synthesis of Dihydrobenzofurans

with a Quaternary Center

Asier Carral-Menoyo, Nuria Sotomayor,* and Esther Lete®

Cite This: J. Org. Chem. 2020, 85, 10261-10270
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ABSTRACT: The first example of Cp*Co(III)-catalyzed intra- ° 0., NHMe
molecular hydroarylation of allyl aryl ethers using an amide /VLNHM CpCafily ‘{_R\ « 22 examples
directing group for the preparation of 3,3-disubstituted dihydro- E< © > * up 1o 86 % yield

& -0 * complete regioselectivity

benzofurans in high yields is described. The reaction of the R
unactivated alkene is completely selective for the formation of the

o

quaternary center, allowing different substitution patterns on the
aromatic ring and the alkene. The cyclization can also be extended to the formation of six-membered rings and to N-

homoallylindoles.

r I T ransition ‘metal-catalyzed C—H activation/
arylation reactions represent one of the mos!
straightforward strategies to access complex m
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doi.org/10.1002/anie. 202003698
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Non-Diazo C—H Insertion Approach to Cyclobutanones through

International Edition:
German Edition:

Zhitong Zheng", Youliang Wang™, Xu Ma, Yuxue Li,* and Liming Zhang*

Abstract: Cyclobutanones are synthetically versatile com-
pounds that often require extensive effort to access. Herein, we
report a facile synthesis of cyeclobutanones based on the
C(sp’)—H insertion chemistry of oxidatively generated gold
carbenes. Various cyclobutanones were obtained in syntheti-
cally useful yields from substrates with minimal structural
prefunctionalization. This discovery reveals new synthefic
utilities of gold-catalyzed oxidative transformations of alky-
nones.

We have previously reported facile access to 2-acyleyclo-
pentanones!’! through gold-catalyzed oxidative transforma-
tions (ﬂall-:}nmle,:s.‘1 Our preliminary mechanistic studies are
consistent with the generation of a fi-diketone-a-gold carbene
(eg- A, Scheme 1) as the reactive intermediate and its
subsequent insertion into an unactivated C—H bond as the
key ring formation step. This approach permits the use of C—
C triple bonds instead of diazo compounds as precursors to

Organic &
Biomolecular Chemistry
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Copper-catalyzed cross-coupling and sequential

allene-mediated cyclization for the synthesis of

Cite this: Org. Biomol. Chem, 2020,
18. 7174

Jianhua Yang, Shaogi Xiong, Yongsheng Ren, Tiebo Xiao

1,2,3-triazolo[1,5-alquinolinest

*and Yubo Jiang "2 *

In this paper, a tandem reaction involving copper-catalyzed cross-coupling and allene-mediated cycliza-
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Introduction

The triazole moiety has always attracted considerable interest
ical communities, owing to its
ical and biological properties."
are another class of important
are found in many natural pro-
logically active substances.™*

Angewandte
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tion of 1-(2-ethynylaryl)-1,4-disubstituted-1,2,3- triazole with N-tosylhydrazone has been developed. This
method features operational simplicity, excellent functional group compatibility, broad substrate scope,
and easily available feedstock, providing an efficient and practical strategy for the synthesis of highly func:

tionalized 1.2, 3-triazolo[L,5-alquinolines.

and important synthetie intermediates in organic synthesis.™
Furthermore, the in situ formed allene intermediates
could readily undergo allene-mediated cyelization to afford a
series of cyclic compounds, demonstrating novel method-
ologies for the construction of both aromatic and non-aro-
matic ring systems.” In this context, Wang and co-workers
have developed the synthesis of phenanthrenes viz a copper-
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Scheme 1. Our previous studies forming cyclobutanones as the side

products.
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|
Plusieurs éditeurs, plusieurs journaux, plusieurs formats d’articles

mais toujours les mémes informations « clés » :

- Noms, adresses des auteurs

- Unrésume

- Introduction, résultats, applications, discussions, conclusion...
- Remerciements

- Partie expérimentale : RMN, HRMS, T;, IR, HPLC...

- Un « supporting information » avec des preuves des analyses.



Savoir analyser un article de chimie organique...

Bien regarder :

- L’abstract avec la réaction « clé » et les avantages de la méthode

- Lintroduction : elle fixe le contexte, elle dresse un panorama de I'état
de l'art avec les verrous scientifiques a lever.

- La partie « résultats » : optimisation, champ d’application de la
methode, applications, études mécanistiques...

- La conclusion : bilan de I'étude, elle tente de « vendre » le travall
effectue.

- La partie expérimentale : protocoles expérimentaux, les analyses...

- Ettout au long de l'article : tableaux, schémas, figues...
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D’autres infos :

- Le facteur d'impact du journal

- Le facteur h des auteurs

- Les conflits d’intéréts

- La participation de chacun des auteurs
- L'open access

- Les revues « prédatrices »...
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Synthesis of Acyl Fluorides from Carboxylic Acids Using NaF-
Assisted Deoxofluorination with XtalFluor-E

Marie Gonay, Chloe Batisse, and Jean-Frangois Paquin®

C'me This: L Org. Chem. 2020, 85, 1025310260

E Read Online

ACCESS|

[l Metrics & Mare I [EF Article Recommendations I

© Supporting Information

HtalFluorE (1,1 agquiv)

ﬁ MaF (10 mal %) o
R oM Etohc, RJ’@

21 examplos (36-88%)

= Mild conditions in a green solvent

= Readily available solid reagents

= KfalFlucr-E as & double=task raagent
= Purification by filtratian

ABSTRACT: The synthesis of acyl fluorides using the deoxofluorination reaction of carboxylic acids using XtalFluor-E is described.
This transformation, assisted by a catalytic amount of NaF, occurs at room temperature in EtOAc, where XtalFluor-E behaves as the
activating agent and the fluoride source. A wide mnge of acyl fluarides were obtained in moderate to excellent yields (36-99%) after
a simple filtration on a pad of silica gel We ako demonstrated that sequential deoxofluorination/amidation was possible

oyl fluorides are key intermediates/reagents in organic

synthesis with a wide range of applications.” A number of
approaches for their preparation” have been explored over the
years, though the main route remains the direct mnvetmon ofa
carbax}]:c add to the coresponding acyl ﬂuaﬂde Thls

can be ac lished using d fh

agents, mainly DAST [dieﬂaylammasu]fur trifluoride )™
Deoxo-Fluor (bis( 2-methoxyethyl jJaminosulfur trifluoride )'“’ as
well as other reagents (Scheme 1a). Recently, the use of
(Me,N)SCF, or a PPhy/NBS/Et;N-3HF system has been

Scheme 1. Deomfluorination of Carboxylic Acids
(a} Traditicnal and racer! approsshes to acyl flusrides
duarciluarinating agents

PPhy (2 aguiv), NBS (2.1 equiv)
than EtyN-3HF (2 aquiv)

] OH CH,Cl, 0°C ot R’@
MeyNSCFy (1.1 squiv) ¥

CHCly,
(b} Initia! rapart with XtaiEluar-£

1]

2 axamples (88-84%)

(<) This wark
tnlFliarmE (1,1 aquiv)
ol

o HaF (10 m s}
E'JLDH EIOAC, it RJQ

#1 emamples (36-49%)

proposed as alternative conditions (Scheme 1a)."® While
most of these methods provide the acyl fluoride in good yields,
there is still room for improvement in tems of availability/
prices/sustainability of the reagents (induding the fluorde
source and the solvent) and the stoichiometry/ sustainability/
atom economy of the reaction.”

Diethylaminodifluorosulfinium tetrafluoroborate
([Et;NSF,|BE,), XtalFluor-E, has been developed as a
practical alternative to DAST and DeoxoFluor in deoxofluosi-
nation reactions due to its crystallinity and enhanced thermal
stability."” In two single examples, the potential for Xtal Fluor-E
to promote the deoxofluorination of carboxylic adds was
demonstrated in the initial report (Scheme 1h), s though
under nonideal conditions (CH,Cly as the solvent, unfavorable
stoichiometry and Et;N-3HF as the HF source)”

Herein, we report new reaction conditions for the synthesis
of acyl fluorides from carboxylic adds using XtalFluor-E
(Scheme Ic) Notably, this reaction, asssted by a catalytic
amount of NaF, showcases the use of XtalFluor-E as a double-
task reagent, ie, the activating agent and the fluoride source,
and ocours at room temperature in EtOAc a desirable
solvent™" A variety of acyl fluorides were obtained in
moderate to excellent yields after simple filtration on a pad
of silica gel.

Selected results for the optimization of 4 phenylbenzoic acid
(1a) as the model substrate are shown in Table 1. Under the
initial conditions reported (Table 1, entry 1),'™" the

Received: June 10, 2020 JOC—

Published: July 21, 2020 l-mnl
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Table 1. Selected Optimization Results for the Deoxofluorination of 1a Using XtalFluoe-E™

Qo XtalFluerE a
. fluoride source /‘T -
B saleanl (zonc.), r, lime P
1a 2a
ety F soure (equiv) XalFluar-E {equiv) salvent conc (M) time (b} yeld (%)"
1 Et,N-3HF () 15 CHCL 03 3 100
2 » 15 CHCL, (=S 3 100
3 5 cyclohemne [Ex] 3 100
4 15 tolene (=S 3 100
5 15 CHCN (=S 3 £
] 15 MTEE [EL] 3 &0
7 15 2MeTHF (=S 3 a7
] 15 acetne (=S 3 &
] 15 EfdAc (=S 3 a1
10 15 EfdAc (=S 3 95
11 15 EfDAc [Et] 3 )
1z 15 EfdAc (=S 3 &7
13 15 EfdAc (=S 3 &5
14 15 EfdAc (£ 3 ax
15 11 EfdAc (=S 3 £
18 11 EfDAc s 3 0
17 NaF (1) 11 EfdAc 1 3 a1
18 MaF (0.25) 11 EfdAc as 3 7
19 NaF (0.25) 11 EsDAc s H k]
20 NaF (0.1) 11 EfdAc as 7 99 (a4}
21 11 EiDAc s F ko
21 NaF (0.1) EfdAc as 7 a
e the Experimentsl Section for the detalled experimental proce & - Mield estimated by F NMR using 2-flzoro-4-nitrotoluene 25 the internal
standard. “TBAT = ' hen sl “THAF = tetrabutylammonium fluoride. “A 1 M solution of TBAF in THF was

ued.j\‘zu&haﬁuﬂummomasﬂnplpal

corresponding acyl fluoride 2a was cbserved in a gquantitative
yield. Excess of Et;N-3HF is not necessary as the use of 10
equiv also provided a quantitative yield (Table 1, entry 2). We
next investigated the choice of the solvent as CH,(Cl, is
considered a highly hazardous solvent in various sobvent
guides. * Other usable, but not ideal, solvents™ such as
cydohexane, toluene, CH,CN, MTEE, or -MeTHF were
evaluated (Table 1, entries 3=7), and aside from 2-MeTHF
(37%), all provided 2a in =80% yidld. The use of acetone, a
much-preferred solvent, provided only a moderate yield of 2a
(Table 1, entry 8). Nonetheless, this result is still interesting
considering that XtadFlior-E is known to mediate the
deoxofluorination of ketones."” Finally, the reaction in
EtOAc, a recommended sclvent,™*” provided the acyl fluoride
in 91% yield (Table 1, entry 9), a yield high enough to pursue
the optimization using this solvent We next turned our
attention to the fluoride source as the GSK reagents guide for
fluarination, ™ indicating that Et;N-3HF presents major
drmawbacks. A survey of various fluoride sources (Table 1,
entries 10=14) revealed that NaF could provide a similar result
to Et,N-3HF. Some fine-tuning showed that the equivalent of
XKtaFluor-E could be reduced to 1.1 and that the concentration
could be increased to 0.5 M with almost no impact on the yield
(Table 1, entres 15~17). Finally, further aptimization (Table
1, entries 18=20) showed that a catalytic amount of NaF (10
mol %) could be used with a longer reaction time to provide a
virtually full conversion and a yield of the agyl fluoride of 94%

under those conditions. In that regard, without NaF, a low
comversion of 27% is observed (Table 1, entry 21). Finally, a
reaction without XtalFluor-E, for which no conversion was
observed, confirmed the need for the reagent. (Table 1, entry
22). Owerall the conditions reported in entry 20 were
determined to be optimal and thus wsed for the rest of the
study.

The soope of the transformation was next ecamined, and the
results are shown in Scheme 2 (top). A wide range of aromatic,
heteroaromatic, and aliphatic adds could be used and provided
the corresponding acyl fluorides in moderate to excellent yields
(36=99%) after filtration on a pad of silica gel For some acyl
fluorides, only NMR yields are provided because of their high
volatdity (2dp,q), their instability upon filtration on silica gel
(2m,0), and for the isolated compound presented significant
impurities (2a) or hydrolyzed readily upon isolation (2aa). We
next showed that a sequential decxofluorination/amidation
reaction was possible, thus avoiding the need to, isolate the
intermediate acyl fluoride (Scheme 2 battam) In those
cases, the amine (benzylamine or mo{phnhne) and iPr,EtN
(the base) were added to the cmde acyl fluorides. With this
procedure, the corresponding amides were isolated in good to
excellent yields (73-99%) even for problematic acyl fluorides
(ie, 2m and 2aa).

With respect to the mechanism, we suggest that the reaction
of the carboxylic acid with XtalFluor-E would fisst generate the
activated carboxylic add, (diethylmino )difluor-i*-sulfanyl

after a simple filtration on a pad of silica gel. Importantly, this
result indicates that XtalFluor-E behaves as the fluoride source

carboxylate (4), an int diate suggested for other reactions
involving carboxylic acid and XtalFluorE. An SyhAcyl

© 200 Arnerican Chemical Society

VACS Publications 10253
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Scheme 2. NaF-Assisted Deomfluorination of Carboxylic Acids Using XtalFluoe-E*
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Al resctions were perfommad ona 1 mnol scdle except for 243 (009 muml), mfusm]} and 3F (025 mmel). ‘ﬁdl.laﬁuﬁ]mummapaluf

sﬂ:a gel Vield of the acyl fuoride estimated by "F NMR using 241

de as the intemal standard.

@0ne equiv of MaF was used. ‘;-_z..,.m.ﬂummEw.,m.j.l.mgwa..,mmmpem.,;w=cf;_ze.puw;\tn1mm5wm¢

Yield after g by flash o phy on slica gel

reaction of a fluoride ion with intermediate 4 would produce
the desired acyl flnoride along with a fluoride ion, which could
re-enter the cycle. The introduction of a substaichiometric
amount of MaF likely serves to fadlitate the first tumover of
the cycle. Indeed without the added NaF, the activated
carboxylic acd (4) likely only slowly releases fluoride™
explaining the low conversion observed without NaF (cf. entry
21 in Table 1).

In conclusion, we have described the NaF-assisted

deoxofluorination reaction of carboxylic acids using Xtal-

10255 e e e g 10000

Fluor-E as a practical approach to acyl fluorides. Notably, the
readtion takes plice in a green solvent, EtOAc, at room
temperature using readily avalable solid reagents, where
XtalFluor-E acts as a double-task reagent. A wide range of
acyl fluorides were obtained after simple filtration on a pad of
silica gel.
B EXPERIMENTAL SECTION

General Information. The following incdludes general exper-
imental procedures, speciic details for representative reactions,

110 s e il 377
1 0rg Chem X0, 85, 1025310050
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Scheme 3. Mechanistic Hypothesis®

e s r::: o
F \ /
R'JkOH R'J"o"s‘n"“

andad NaF

n F + ELNSOF = F

faster

slow ag 4 anly sluggishly refesses 7

“The BF,” counterion of XtalFluor-E and the Na™ counterion of sodium fluoride have been omitted for charity.

isolation, and spectroscopic information for the compounds prepared.
Solvents were used 3¢ purchased unless stated ¢ dry. CH,CN,
CH,CL, and toluene were purified vsing 2 Vacrum Atmospheres Inc
solvent purification system. All air- and water-sensitive reactions were
carried out under an argon atmosphere. Reactions were monitored by
TLC on precoated plates (SiCyde, slica gel 60 A F154 230240
mesh), and products wers visualized under 254 nm UV light followed
by stining with KMnO, 24-dinitrophenyhydrzine (DNPH),

2-Naphthoyl FAuoride (2c). According to 2 generl procedur:
starting with 2-naphthoic acd (1.0 mmel, 172 mg), acyl fluoride 2¢
was observed in 2 quantitative '"F NMR yield wsing 2-fluoro-4
nitrotoluene 25 an internal standard and isolated as 2 white solid (159
mg, 91%) after Bltration over silica using pentane as the elent. 'H
NMER (500 MHz, CDCL): § 8.64 (s, 1H), 802—7.91 (m, 4H), 7.6%
(ddd, | = 82,69, 1.3 H, 1H), 762 (ddd, [ = .1, 6.9, 1.3 Hz, IH).
E NMER (470 MHz, CDCL): & 1&1 (5, 1F). The analytical data ave

cerium ammonium molybdate (CAM), phosphomolybdic acid
(PMA), or bromocreso] green when approprizte. Purifications were
carried out wsing 2 Biotage Lolera one flash chromatography system
using Biotage KPSIL SNAP or SiliCycle SiliaSep silica gel cartridges
or under flach column chromatography (S1iCyde, slics gel 60 A
F154). NMR spectra were recorded on an Aglent DI2 500 or 2
Varian Inova 400 s in the indi § solvent at
298 K Chemical shifts are reported on the & seale in ppm. For 'H and
YC spectra, chemical shifts are referenced to residual solvent
references or the internal TMS reference. For '°F spectr, calibration
was performed using 3 unified scale'? Resonances are reported s
follows: chemical shift (5, ppm), multiplicity (s = sin get, br s = broad
singlet, d = doublet, t = triplet, g = quartet, p = pentaplet, m =
multiplet, or 3 combination of the sbove), coupling constant (Hz),
integration. High-resolution mass (HRMS) spectra were recorded on
an LC/MSTOF Agilent 6210 using atmospheric presure photo-
ionization (APPL) or electro spray ionization (ESI) in positive mode.
Infrared spectra (IR} were recorded on an ABB MB 3000 FT-IR
spectrometer and on 3 Thermo Scentific Nicolet 380 FT-IR
spectrometer. Absorptions are ted in cm™. Melting

were measured on a Stanford Research System OptiMelt MPA10O
automated mel apparatus.

General Pr\:‘gdure for the Synthesis of Acyl Fluorides. To 2
solution of caborylic acid (1.0 equiv, 10 mmel) in dry EtQAc (0.5
M) was added NaF (10 mol %, 010 mmol, 42 mg), followed by
MtalFluorB (L1 equiv, 1.1 mmol, 252 mg). After 24 b of stirring at
room. temperature under argon, the reaction misture was purified by
filtration over 2 pad of silica gel

11,1 "-Biphenyll-4-carbonyl Fluoride (2a). According to 3 general
procedure starting with [1,1"-biphenyl]-4-caboxylic acd (1.0 mmol,
198 myg), scyl fluoride 2a was observed in a quantitative "F NMR
yield using 2.4 4niitro ol i ] standard and isolated
a5 a white solid (189 mg, 94%) after filtration over silica using hexanes
i the elsent. '"H NMR (500 MHz, CDCL): § 8.13—8.09 (m, 2H),
TT6—T.71 (m, 2H), T66—7.61 (m, ZH), 752747 (m, 2H), 746
741 (m, 1H). "F NMR (470 MHe, CDCL): & 18.1 (s, 1F). The
analytical data are in agreement with those previously reported in the
Titerature. "'=

11,1"-Biphenyll-2-carbonyl Fiuoride (2b). According to a general
procedure starting with [1,1"-biphenyl]-2-carbonylic acd (10 mmel,
198 mg), acyl fluoride 2b was observed in 99% ''F NMR yield using
4-(trifluoromethyl ) benzal dehyde a5 an internal standard and isolated
a3 yelowish oil (183 mg, 91%) after fltntion over silica using
exanes a5 the euent. 'H NME (500 MHz, CDCL): & 803 (44, [ =
79,14 He, 1H), 766 (td, | = 76, 1.4 Hx, 1H), 749 (1, [= 77,12
Hz, 1H), 745-740 (m, 4H), 734-731 (m, 2H). "F NMR (470
MHz, CDO): § 350 (s, 1F). The analytical data are in agreement
with those previoudy reported in the tersture”

in with these p dy reported in the literature.”

B-mmyl FAuoride er'}‘ According to 2 general procedure starting
with benzoic acid (1.0 mmol, 122 mg), acyl fluoride 2d was observed
in 98% "*F NMR yield using 2-fluore-4-nitrotoluene (49.2 mg) as an
internal standard. ""F NMR (470 MHz, CDCL): 5 180 (5, 1F). The
analytical data are in agreement with those previousy reported in the
literature.”

4-Nitrobenzoyl Fluoride (2e). According to a general procedurs
starting with 4-nitrobenzoic acid (1.0 mmel, 167 mg), acy] fluoride 2e
was observed in 93% “F NMR yield using 4-(trflucromethyl)-
benzaldelyde 25 an intemal sandard and isolated 25 a2 yellowish solid
(147 mg, §7%) after fikmtion over silica using an §0:20 hexanes/
EtOAc mixture 2s the eluent. "H NMR (500 MHz, CDCL): 6 42—
B38 (m, 2H), 829825 (m, 2H). "F NMR (470 MHz, CDCL): &
213 (s 1F). The analytical data are in agreement with those
previously re in the literature”

#-Acetamidobenzoyl Fluoride (2fi. According to a general
procedure starting with 4-acetsmidobenzoic acid (10 mmol, 179
mg), acyl fluoride 2f was observed in 70% “F NMR yield using 4-
(triflu oromethyljbenzaldelyde 25 an internal standard and isolited as
a yellowish solid (129 mg, 71%) after filtration over silica vsing a
50:50 hexnes (FOAc mirture 25 the eluent 'H NME (500 Mz,
(CD,)LCO): & 967 (br s, 1H), B02-79% (m, 2H), 790-787 (m
2H), 2.16 (s, 3H). "F NMR (470 MHz, (CDy),CO): 8145 (s, 1F)
The analytical data are in agreement with those previousy reported in
the literature*

4-Chiorobenzayl Fluoride (2g). According to a general procedure
starting with 4-chlorobenzoic acid (10 mmel, 156 mg), acd fuoride
2g was observed in 92% YE NMR yield using 4-{trifluoromethyl)-

ddehyde 25 an internal standard su]m.lu.ud.m;ohd(sv

&M}ﬂuﬂmmmr:huungm a5 the ehent. 'H
NMR (500 MHz, CDCL): § 801—7.97 (m, 2H), 754-749 (m, 2H).
"F NME (470 MHz, CDCL): & 184 (s, 1F). The analytical data are
in agreement with those previeudy reported in the htersture”

4-Bromobenzayl Fluoride (2h). According to a general procedure
starting with 4-bromobenzeic acid (10 mmol, 200 mg), acy] fluoride
2h was observed in 94% "*F NMR yield using 2-fluoro-4-nitrotoluene
as an internal standard and isobted as 2 white solid (147 mg, 73%)
after filtration over dlica uwsing hexnes 2 the eluent. "H NMR (500
MHz, CDCL,): & 792789 (m, 2H), 7.71-767 (m, 2H). "F NMR
(47 MHz, CDCL): & 184 (s, 1F). The analytical data are in
agreement with thoss previoudy reported in the literature”

2odobenzoy Fluoride 20 According to a general procedure
starting with L-iodobenzoic acid (1.0 mmol, 248 mg), scyl fluoride 2
was observed in 9% “F NMR yield using 4-(trifluoromethyl)-
benzaldehyde 25 an intemal standard and isolated 25 2 yellowish solid
(207 mg, 83%) after filtration over silics using hewanes as the dluent.
'H NME (500 MHz, CDCL): & 8.13 (dt, | = 80, 14 Hz, 1H), 803

I b o f 0.1 0 W e e bt 77
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(&, [ =79, 1.7 He, 1H), 751 (4, [= 7.7, 12 Hz, 1H), 7.31 (ddd, [=
810, 74, 1.7 Hz, 1H). "F NMR (470 MHz, CDCL): § 286 (s, 1F).
The analytical data are in agreement with those previsusly reported in
the Biterature."*

M, Fluoride (2. A ki ral procedure
starting with 4-methorybenmoic acd (10 mmel 309 mg), acyl
fluoride 2j was observed in 99% “F NMR yield uwsing 2-fluoro-4-
nitrotoluene as an internal standard and isolated 25 a colorless oil (152
mg 99%) after filiration over silica using hexanes a the eluent 'H
NME (500 MHz, CDCL): § 809805 [ m, 2H), 697-6.94 (m, 2H),
3488 (5 3H). “F NMR (470 MHz, CDCL,): & 159 (s, 1F). The
analytical data are in agreement with those previsusly reported in the
literature”

3-Methoxybenzayl Fluoride (2k). According to 2 geneml
procedure starting with 3-methorpbenzoic acid %1.0 mmol, 152
mgl, acyl fuoride 2k was observed in quantitative "'F NMR yild
using 4 trifl oromethy]jbenzaldehyde 26 an internal standard and
isolated as a colodes oil (129 mg, $4%) affer fltation over slica
using hexanes as the euent. "H NMR (500 MHz, CDCly): & 7.65
(ddd, J = 77, 16, L1 Hz, 1H), 7.54—752 (m, 1H), 7.45-7.40 (m,
1H), 724 fdcld,} 83 27, LOHz, 1H), 187 (s,3H). "C{"H} NME
(126 MHz, CDCL): §1601 (4, Jo_p=19Hz), 1575 (4 [y = 3447
Hz), 1303 (4, Jop= 12 Hz), 1262 (4, Jo_p = 607 He), 1240 (4,
Joop = 34 Hz), 1222, 1156 (d, Jo_p= 43 Hz), 55.7. "F NMR (470
MHg, CDCL): & 186 (s, 1F). FT-IR (v/an™"): 3011, 2962, 2945,
2916, 2849, 1505, 1601, 1489, 1431, 1292, 1271, 1205, 1174 1020,
£70. HRMS: Under all of the conditions tested for MS analysic (ESI-
TOF or APPFTOF with or without additives), no significant ions
could be detected

2-Bromo-5-metho [ Fluoride (21). ding to 2 general
procedure, starting with Zbromo-5-methorybenzoic acid (L0 mmol,
231 mg), acyl fuoride 21 was observedin 97% “F NMR yield using 4-
(trifluorome thyl Jbenaldelyde as an intemal standard and isolated a5
2 white solid (198 mg, 85%) after filtration over silica wsing hevanes 2
the euent. Mp = 37.1-392°C. "H NMR (500 MHz, CDCL,): §7.64
(dd, ] = 8.8, 1.4 Hz, 1H), 751 (4, [ =31 Hz, 1H), 705 (44, | = 838,
31 Hz, 1H), 385 (s, 3H). “C{'H} NMR (126 MHs, CDCL): 5
1588, 154.8 (d, Jo_p=3453 Hz), 1361 (d, Jo_p= 40 Hz), 1259 (d,
Je-p= 613 Ha), 1219 (d, Jo_y= 14 He), 1183 (d, oy = 20 Hz),
1150 (d, Jo_p = 4.1 Hz), 55.8. "F NMR (470 MHs, CDCL): 5 313
(s, 1F). FT-IR (1/em™"): 2964, 2939, 2616, 2549, 1819, 1568, 1597,
1477, 1398, 1321, 1263, 1242 1200, 1176, 1132, 10%, 1030, HRMS
(APPLETOR), m/z: [M + NH,]" caled for C,H,BrENOD,, 245873
found, HO9HTY.

3.5-Bis(trifluoromethylbenzoy Fluoride (2m). According to a
general procedure starting with 3,5-bis(trifluorome thyl) benzoic acid
(100 mmol, 258 mg), acyl fluoride 2m was observed in 94% '"“F NMR
yield using 2fluoro-4-nitrotolens (68,6 mg) a8 an intenal standard.
YE NMR (470 MHz, CDCL,): & 199 (s 1F), — 632 (5, 6F).

4-Hydroxybenzoyl Fluoride (2n). Accerding to a geneml
procedure starting with 4-hydroxybenzoic acid (1.0 mmol, 138 mg),
acyl fluoride 2n was observed in 51% "F NMR yield using 4-
(trifleorome thyl Jbenzal dehyde (369 mg) 25 an intemnal standard. *F
NMR (470 MHz, CDCL): & 153 (s 1F). The analytical data are in

ment with those previously reported in the literature ™

Isonicotingyl Fluoride (20] According to a ral procedure
starting with isonicotinic acid (L0 mmel, 123 mg), 2o fuoride 20
was observed in 74% "F NMR yield using 2-fluoro-4-nitrotoluen e
(334 mg) 25 an intemnal standard. “F NMR (470 MHz, CDCL): &
209 (s, 1F). The analytical data are in agreement with those
previoudy reported in the literature ™

Thiophene-2-carbonyl Fluoride (2p). According to a2 genenl
procedure starting with 2-thio phenecarborylic acid | 10 mmol, 128
mgl, syl fluoride 2p was observed in 91% "F NMR yield using 4-
(trifluorome thyl Jbenzaldelyde (45.0 mg) 25 an intemnal standard, "F
NMR (470 MHz, CDCL): & 243 (s, 1F).

Furan-2-carbonyl Fluoride 2q). According to a general procedure
starting with 2-furanoic acid ( 1.0 mmol, 112 mg), acyl fluoride 2q was
ohserved in 65% "F NMR yield using 4-(trifluoromethyl)-

benzaldehyde (547 mg) 2 an intemal standard. "F NMR (470
MHz, CDCL): & 153 (3, 1F).

Terephtaloyl Difluoride (2r). According to a3 geneml procedure
starting with terephthalic acid (1.0 mmel, 166 mg) and using 22
equiv of XtalFlsor B instead of 11 equiv, ac fuodde Ir was
observed in 98% 'F NMR yield wsing 4-(trifluoromethyd)-
benzaldehyde as an internal standard and solated as a white solid
(%1 mg, 76%) after filtration over silica using hexnes as the eluent.

=1186-1214 *C."H NMR (500 MHz, CDCL): 5822 (s, 4H).
YC{'H} NMR (101 MHz, CDCLy): § 1559 (d, Jop = 3467 Hz),
1318 (dd Jop = 37, 1.1 Hz), 1307 (d, Jo_p = 626 Hz). ""F NMR
(470 MH=z CDNCL): & 209 (5 2FL FT-IR (p/em™): 3009, 3063,
2955, 2918, 2849, 1809, 1416, 1404, 1232, 1034, 1007, 906, HRMS:
Under all the conditions tested for MS analysis (ESEFTOF or APFL-
TOF with or without a dditives ), no significant jons could be detected.

S5-Phenylpentanoy Fluoride (25). Accerding to a general
procedure starting with Sphemypentanoic acid (10 mmol 178
mg), acyl fluoride 2s was observed in 9% “F NMR yield using 4-
{ triflu cromethylberzalde byde 2 an internal standard and isolsted 25
2 tramsparent oi (130 mg, 72%) after filtration over silica using
pentane 25 the eheent. "H NMR (500 MHz, CDCL): §732-728 (m,
2H), 7.23-717 (m, 3H), 269-2.64 (m, 2H), 255-2.50 (m, 2H),
1.75-1.70 (m, 4H). “C{'H} NMR (126 MHz, CDCl,): § 1636 (d,
Je_p=3603 Hz), 1417, 1286, 1285, 126.1,355, 321 (d, Jo_p= 504
Hz}, 30.5, 236 (d, Jo_p = 1.9 Hz). "F NMR (470 MHz, CDCL): &
455 (s, 1F). FT-IR (u/cm™ ). 3063, 3024, 2932, 2862, 1836, 1751,
1713, 1065, 1497, 1458, 1412, 1366 1080, B64, T02. HRMS: Under
all the conditions tested for MS analysis (ESI'-TOF or APPL-TOF
with or without additives), no sgnificant ions could be detected

Cyclohexanecarbonyl Fuorde (2t). According to 2 general
procedure starting with cycdlohen necarboryic acid (1.0 mmol 128
mg), acyl fluoride 2t was observed in 9% “F NMR yield using 4-
{ triflu cromethy ] beralde byde 2 an intermal standard and isolsted a5
a transparent oil (87 mg, 67%) after filtation over silica using pentane
as the eluent. 'H NMR (500 MHz, CDCly): § 251 (tt, [ = 10.8, 18
Hz, 1H), 202-195 (m, 2H), 182174 (m, 2H), 165 (m, 1H),
159149 (m, 2H), 138-123 (m, 3H). "F NMR (470 MHz
CDCL): 8367 (5 IF). The analytical data are in agreement with
those previcusly reported in the literature.'®

Tetradecanoy Fluoride (2u). According to a general procedure
starting with tetradecanoic acid (1.0 mmol, 228 mg), 3o fluoride 2u
was observed in 97% "F NMR yield uwsing 4-(triflucromethyl)-
benzaldehyde as an intemal standard and isolated as 2 transparent ol
(202 mg, B8%) afer filtration over silica using pentane 25 the sluent.
'H NMR (500 MHz, CDCL): & 250 (td, [ = 74, 1.2 Hz, 2H), 167
(g J = 7.4 Hz, 2H), 1.40—1.23 (m, 20H), 0.88 (t, ] = 7.0 Hz, 3H).
VIC['H) NMR (126 MHz, CDCL): & 1638 (4, Jo_, = 3607 Hz),
323 (d, Jop= 494 Hz), 321, 298, 29.8, 298, 297, 295 295, 22,
289, 241 (4, Joy = 21 Hz), 228, 143 "F NMR (470 MHz,
COCL): & 454 (s, 1F). FT-IR (v/an™"): 2924, 2854, 1842 1711,
1468, 1414, 1377, 1132, 1078, 852, 719, HRMS: Under all the
conditions tested for M5 analysis ( ESI-TOF or APPETOF with or
without additives), no significant ions could be detected.

2-Phenylocetyl Fluonde (2v). According to 2 general procedure
starting with 2-phenyl acetic acid (1.0 mmol, 136 mg), acyl fluoride
2w was observed in the quantitative "“F NMR yield using 2-flvoro-4
nitrot cluene a5 an intemal standard and isolated as a light-yelow oil
(80 mg, 58%) after filtration over slica nsing pentane s the euent.
YH NMR (500 MHz, CDCL): & 740732 (m, 3H), 731-7.28 (m,
2H), 382 (d, [ = 24 He, 2H). ""F NMR (470 MHz, CDCly): & 449
fs, 1F). The analytical data are in agreement with those previewly

ted in the literature”

2-{Naphthalen- 2y Jacetyl Fluoride Pw). According to 3 general
procedure starting with 2-(naphthalen-2-)acetic acid (1.0 mmol, 186
mg), acyl flucride 2w was observed in 9% "F NMR yield using 2-
flwo ro-4-nitrotohene 2 an internal standard and isolted 2 2 white
solid (138 mg, 73%) after fltration over silica wsing pentane as the
eluent. 'H NMR (500 M, CDCL): § 788—7.81 (m, ;H}, 776 (s,
1H), 754—748 (m, 2H), 740 (dd,} 8.4, 1.8 He, 1H), 399 (4, ] =

ke bl e f .8 0 e 00 377
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23 Hz, 2H). "F NMR (470 MHz, CDCly): 5452 (t, [= 2.8 He, 1F).
The analytical data are in agreement with thise previously reported in
the literature”

Adamantane-1-carbony Fluoride (2x). According to a general
procedure starting with 1-adamantanecarbordic acd (1.0 mmol, 182
mg), eyl fluoride 2x was observed in 2 quantitative “F NMR yield
using Zluo ro-4-nitrotoluene a5 an intemnal standard and isolited a5 2
white solid (106 mg, 58%) after filtmtion over slica using 1% EtN in
pentane a5 the eluent. 'H NMR (400 MHz, CDCL): § 211-202 (m,
IH), 200-194 (m, 6H), LE2—167 (m &H). "F NMR (376 MHa,
CDCLy): & 236 (s, 1F). The analytical data are in agreement with
those previcusly re in the literature”

Cinnamoyl Fluaride (2y). According to a genenl procedure
starting with cinnamic acid (1.0 mmol, 148 mg), acyl fluoride 2y was
observed in 2 quantitative "F NMR yield using 2-fuoro-4-
nitrotoluene a5 an intemal standard and isobted 2 3 light-yellow
oil (145 mg 97%) after filtration over silica using pentane as the
eluent. "H NMR (500 MHz, CDCL): & 785 (4, [ = 16 Hz, 1H),
758—756 (m, 2H), 750-743 (m, 3H), 638 (dd, [ = 160, 73 Hz,
1H). "F NMR (470 MHz, CDCL): & 256 (4 ] = 7.2 Hz, 1F). The
Iytical data are in with those previously reported in the
Titeratire ®

Tetradecanedioyl Difluoride (2z). According to a genenl
procedure starting with tetmdecandicic acd (1.0 mmel, 258 mg)
and sing 12 squiv of Ml Fuor B instead of 1.1 equiv, syl fluoride
2z was observed in 95% "F NMR yield wsing 4-(trifluoromethyd )
benmldehyde a5 an internal standard and isolated a5 2 white solid
(150 mg, 57%) after fliration over slica using e as the ehuent.
Mp = 387406 °C. 'H NMR (500 MHz, CDCL): 5 250 (td, | =
74, 1.1 He, 4H), 167 (p, | = 74 Hz, 4H), 140-124 (m, 16H).
BC{'H} NMR (126 MHz, CDCL): & 1638 (4, Jop = 3606 Hz),
323 (d Jo_p = 5000 Hz), 296, 294, 292, 288, 241 (4 o, = 18
Hz). ""F NMR (470 MHz, CDCL): 5 45.5 (s, 2F). FT-IR (1/em™):
2920, 2853, 1834, 1474, 1408, 1385, 1356, 1310, 1256, 1196, 1088,
104%, 1016 978, B62 829 764, 719 HRMS (ESETOF), m/= [M +
NH,]" cled for CHy,FaNOs, 2802083 found, 2802077,

243-Benzoyiphenyijpropanoy! Fluoride [Ketoprofen Fluoride)
[280). According to 2 genenl procedure starting with ketoprofen
(0,09 mmol, 22 mg), 2cyl fluoride 2aa was observed in 91% “F NMR
yield using Zfluoro-4-nitrotoluene (385 mg) 25 an intemal standard.
R NMR (470 MHz, CDCl): & 397 (5, 1F). The analytical data are
in agreement with those previowsly reported in the literature”

Indomethadin Fluoride (2abj. According to a general procedure
starting with indomethacin (0.5 mmol, 179 mg), acd fluoride 2ab was
observed in 47% “F NMR yield using 4-(trifluoromethyl)-
benzldehyde 2 an internal standard and isolited 2 2 yellowish
solid (82 mg, 46%) affer filtration over silica using an §5:15 hexanes/
EtOAc mivture a5 the eluent. The product was i d by ca

N-Benzyl-3, 5-bisitrifluoromethyllbenzamide (3a). According to a
2l procedure starting with 3,5 bisl trifluoromethy]benzoic acd
10 mmel 258 mg), the comesponding acyl fluoride was observed in
4% 'F NMR yield using 2-fluoro-4-nitrotolene a5 an internal
standard, and amide 3a was solated as a yellow solid (255 mg 73%)
after purification by AFP (0—50% EtOAc/hexanes). "H NMR (500
MHz, CDCL,): & 826820 (m, 2H), 801 (s, 1H), 741-730 (m,
5H), 6.57 (br 5 1H), 4.67 (d, ] = 5.6 Hx 2H). "*F NMR (470 MHz,
CDCL): 6 — 629 (s, 6F). The a:n]yun]dna are in agreement with
those previoudy reported in the litemture.'”

N-Benzyl5-phenyipentanamide (3b). According to 2 genenl
procedure starting with 5-phenylpentanoic acid (1.0 mmel, 178 mg),
the corresponding acyl flucride was observed in 99% "'F NMR yield
using 2-fluore 4nitroto luene a3 an internal sandard, and amide 3b
was isolated 2 2 yellowish solid (265 mg, 99%) after purification by
AFP [0—1008 EtOAc/hexanes). 'H NMR (500 MHz, CDOL,): §
735-731 (m, 2H), 7.30-725 (m, 5H), 7.20-7.14 (m, 3H), 570 (br
s, 1H), 443 (4, ] = 5.6 Hz, 2H), 263 (1, ] = 76 Hz, 2H), 223 1, [ =
7.5 Hz, 2H), 1.75—1.62 (m, 4H). The analytical data are in agresment
with those previously reported in the literatue ™

N-Benzyle e (3c According 1o 3 generd

dure starting with cycloh bondic acid fwnum],m
mg} the corresponding acy] fluoride was shserved in 99% "'F NMR
yield using 2-fluoro-4-nitrotoluene as an internal standard, and amide
3¢ was isolated as a yellowish solid (206 mg 95%) after purification
by AFP (0—100% EtOAc hexanes). 'H NME (500 MHz, CDCL): &
736-731 (m, 2H), 7.30-725 (m, 3H), 5.70 (brs, 1H), 444 (4, J =
57 He 2H), 211 (1, | = 118, 35 He, 1H), 1.93—1.86 (m, 2H),
1.83-1.76 (m, 2H), 1.67 (m, 1H), 147 (qd, | = 12.2, 3.3 Hz, 2H),
132-1.1% {m 3H). The analytical data are in agreement with those
previously reported in the literature "

N-Benzyltetradecanamide (3di. According toa general procedure
starting with tetmdecancic acd (1.0 mmol, 228 mg), the
comespon ding acy] fuoride was observed in 97% "F NMR yield
using 2ofluor 4nitrotohene 3¢ an internal standard, and amide 3d
was isolated as 2 white solid (265 mg, 98% ) after purification by AFP
(0—100% EtOdAc/hexanes). 'H NMR (500 MHe, CDDCL): 8 7.57—
731 (m, 2H), 730-7.26 (m, 3H), 575 (br s, 1H), 444 (4 [ = 58
Hz, 2H), 221 (t, ] = 7.6 He, 2H), 165 (p, J= 7.5 Hz, 2H), 137-1.20
(m 20H), 088 (t, J = 70 Hz, 3H). The analytical data are in
agreement with those previously reported in the ltersture ™

N-Benzyladamantane- 1-carboxamide Fe). According to general
procedure B starting with 1-adamantanecarborylic acid (1.0 mmol,
180 mg), the comesponding acyl fluoride was observed in 3% 'F
NME yield using 2-fluoro-4-nitrotoluene 25 an intemal standard, and
amide 3& was isolated 2 2 white solid (247 mg 92%) after

10% of the starting material as estimated by "H NME "H NMR (500
MHz, CDCL): § 7.70-7.66 (m, 2H), 7.51-747 (m, 2H), 689 (4, [=
15 He, 1H), 6.85 (dd, [ =90, 0.5 Hx, 1H), 670 (dd, [ = 910,25 Hx,
1H), 3.87 (d [ = 2.5 Hz, 2H), 3.84 (s 3H), 241 (s, 3H). "F NMR
(470 MHz, CDCL): & 444 (s 1F). The analytical data are in
agreement with those previously reported in the lterature”
General Procedure for the Sequential Deoxofluorination’
Amidation Reaction. To a solution of carbeanylic acid (1 equiv, 1.0
mmaol) in dry EtOAc (0.5 M) was added NaF (10 mol %, 0.1 mmel,
42 mg), Dllowed by XtalFluor-E (L1 equiv, 1.1 num], 252mg}
After 24 b of stirfing at reom under argon,
(33 equiv, 3.3 mmol, 360 uL) was .Med,f.,nmdb, DIPEA (33
equiv, 3.3 mmol, 580 pul.). The resction mixture was quenched after 2
h of stiming at room temperature wing a saturated aquecus solution
of sodivm bicarbonate. The resulting mivture was extracted three
times with EtOA: The orgnic phases were combined and washed
three times with 2 = turated aqueous solution of ammonium chloride.
The combined orgmic phases were dried over anhydrous MgS0,,
filtered, and concentrated in vacuo. The crude mirture was finally
purified on siica gel wing an automated flash purification system
(AFP).

by AFP (0—100% EtOAc, hermes). 'H NME (500 MH:z,
CDC]} & T.3-7.24 (m, 5H), 5.85 (br s, TH), 444 (d, ] = 5.6 He,
IH), 210-19% (m, 3H), 1.89 (4, | = 29 Hz, 6H), 178166 (m,
6H). The analytica] data are in rough sgreement with those previsusly
reported in the literature ™

2-(3-Benzoylphenyll- 1-morpholinopropan-1-one  (Ketaprofen
Derivative) (3f]. According to 2 genen] procedure starting with
ketoprofen (025 mmol, 64 mg) and using morpholine instead of
benaylamine, the comespon ding acyl fluoride was observed in 99% '°F
NME yield using 2-fluoro-4-nitrotoluene 25 an intemal standard, and
amide 3 was isolted 20 2 colordes oil (80 mg, 99% ) after purification
by AFP [ 50-70% EtOAc fhexanes). "H NMER (500 MHz, CDCL): §
782777 (m, 2H), 770 (t, | = 1.8 Hz, 1H), 767758 (m, 2H),
754-743 (m, 4H), 396 (g, ] = 69 Hs, 1H), 179-364 (m, M),
361-352 (m, 3H), 350342 (m, 1H), .33 (ddd, J= 112, 59, 29
Haz, 1H), 324 (ddd, [ = 10,6, 7.1, 3.0 Hz, 1H), 150 (d, J= 6.8 He,
3H) PC{'H} NMR (126 MHz, CDCL): § 1965 171.7, 1422, 136.2,
1374, 1327, 1311, 1300, 1289, 1289, 126.8, 1284, 66.8, 66.4, 4.1,
428, 424, 205. FTIR (v/em™): 2970, 2928, 2854, 1841, 1580,
1429, 1360, 1317, 1261, 1269, 1113, 1028. HEMS (APPLTOF ), m/z:
[M + H]" caled for CpHoNOy, 323.1521; found, 323.1545.
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Synthesis of Acyl Fluorides from Carboxylic Acids Using NaF-
Assisted Deoxofluorination with XtalFluor-E

Marie Gonay, Chloé Batisse, and Jean-Frangois Paquin®

Cite This: J. Org. Chem. 2020, 85, 10253-10260 Read Online
ACCESS | il Metrics & More I Article Recommendations | @ Supporting Information
XtalFluor-E (1.1 oequiv) - Mild conditions in a green solvent
O NaF (10mol %) o - Readily available solid reagents
RAOH EtOAc, rt RJ® - Xta!EIuo_r—E as a dogble-lask reagent
- Purification by filtration

21 examples (36—-99%)

ABSTRACT: The synthesis of acyl fluorides using the deoxofluorination reaction of carboxylic acids using XtalFluor-E is described.
This transformation, assisted by a catalytic amount of NaF, occurs at room temperature in EtOAc, where XtalFluor-E behaves as the
activating agent and the fluoride source. A wide range of acyl fluorides were obtained in moderate to excellent yields (36—99%) after
a simple filtration on a pad of silica gel. We also demonstrated that sequential deoxofluorination/amidation was possible.
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Personne a contacter

Synthesis of Acyl Fluorides from CarboxyHc Acids Using NaF-
Assisted Deoxofluorination with XtalF[yOr-E

Marie Gonay, Chloé Batisse, and Jean-Frangois Paqui Avantages de lamethode

Cite This: J. Org. Chem. 2020, 85, 10253-10260 Read Online
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XtalFluor-E (1.1 EqUiV) - Mild conditions in a green solvent
O NaF (10mol %) o - Readily available solid reagents
RJ‘kOH EtOAc, rt RJ® - Xta!EIuor—E as a dogble-lask reagent
- Purification by filtration

21 examples (36—-99%)

ABSTRACT: The synthesis of acyl fluorides using the deoxofluofination reaction of carboxylic acids using XtalFluor-E is described.
This transformation, assisted by a catalytic amount of NaF, occugp at room temperature in EtOAc, where XtalFluor-E behaves as the
activating agent and the fluoride source. A wide range of acyl flugrides were obtained in moderate to excellent yields (36—99%) after
a simple filtration on a pad of silica gel. We also demonstratedf that sequential deoxofluorination/amidation was possible.
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| Pourquoi s’interesser a ce sujet ?
|

cyl fluorides are key intermediates/reagents in organic

synthesis with a wide range of app]jcaticms.1 A number of
approaches for their prepm’aticln2 have been explored over the
years, though the main route remains the direct conversion of a
carboxylic acid to the cormresponding acyl fluoride.®> This
transformation can be accomplished using deoxofluorinating
agents, mainly DAST (diethylaminosulfur trifluoride)™ and
Deoxo-Fluor (bis(2-methoxyethyl)aminosulfur trifluoride)*” as
well as other reagents (Scheme la).’ Recently, the use of
(Me,N)SCF; or a PPh,/NBS/Et;N-3HF system has been

Scheme 1. Deoxofluorination of Carboxylic Acids
(a) Traditional and recent approaches to acyl fluorides

deoxofluorinating agents

PPh, (2 equiv), NBS (2.1 equiv) l

j\ then EtzN-3HF (2 equiv) o
R” TOH CH,Cl,, 0 °C to rt R

Me,NSCF; (1.1 equiv) ?

CH,Cl, rt
(b) Initial report with XtalFiuor-E

XtalFluor-E (1.5 equiv)
(o] EtsN3HF (2 equiv) (0]

CH2C|2. rt R
2 examples (89-94%)

(c) This work
XtalFluor-E (1.1 equiv)
0 NaF (10 mol %) 0]

R OH EtOAC, rt R

proposed as alternative conditions (Scheme 12).°™ While
most of these methods provide the acyl fluoride in good yields,
there is still room for improvement in terms of availability/
prices/sustainability of the reagents (including the fluoride
source and the solvent) and the stoichiometry/sustainability/
atom economy of the reaction.”

Diethylaminodifluorosulfinium tetrafluoroborate
([Et,NSF,]BF,), XtalFluor-E, has been developed as a
practical alternative to DAST and DeoxoFluor in deoxofluori-
nation reactions due to its crystallinity and enhanced thermal
stabi].i’[y.uJ In two single examples, the potential for XtalFluor-E
to promote the deoxofluorination of carboxylic acids was
demonstrated in the initial report (Scheme lb),m“’b'11 though
under nonideal conditions (CH,Cl, as the solvent, unfavorable
stoichiometry and Et;N-3HF as the HF source).”

Herein, we report new reaction conditions for the synthesis
of acyl fluorides from carboxylic acids using XtalFluor-E
(Scheme 1c). Notably, this reaction, assisted by a catalytic
amount of NaF, showcases the use of XtalFluor-E as a double-
task reagent, i.e., the activating agent and the fluoride source,
and occurs at room temperature in EtOAc, a desirable
solvent.”™” A variety of acyl fluorides were obtained in
moderate to excellent yields after simple filtration on a pad
of silica gel.

Selected results for the optimization of 4-phenylbenzoic acid
(1a) as the model substrate are shown in Table 1. Under the
initial conditions reported (Table 1, entry 1),10“’b the

Received:  June 10, 2020
Published: July 21, 2020
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synthesis with a wide range of app]jcaticms.1 A number of
approaches for their preparaticln2 have been explored over the
years, though the main route remains the direct conversion of a
carboxylic acid to the cormresponding acyl fluoride.®> This
transformation can be accomplished using deoxofluorinating
agents, mainly DAST (diethylaminosulfur trifluoride)™ and
Deoxo-Fluor (bis(2-methoxyethyl)aminosulfur trifluoride)*” as
well as other reagents (Scheme la).’ Recently, the use of
(Me,N)SCF; or a PPh,/NBS/Et;N-3HF system has been

Scheme 1. Deoxofluorination of Carboxylic Acids
(a) Traditional and recent approaches to acyl fluorides

deoxofluorinating agents

PPh, (2 equiv), NBS (2.1 equiv) l
then EtzN-3HF (2 equiv) o

R” OH CH,Cl,, 0 °Ctort R

Me,NSCF; (1.1 equiv)

CH,Cly, rt
(b) Initial report with XtalFiuor-E

XtalFluor-E (1.5 equiv)
(o] EtsN3HF (2 equiv) (0]

CH2C|2. rt R

2 examples (89-94%)

(c) This work
XtalFluor-E (1.1 equiv)
0 NaF (10 mol %) 0]

R OH EtOAC, rt R

Références des papiers originaux

proposed as alternative conditions (Scheme 12).°™ While
most of these methods provide the acyl fluoride in good yields,
there is still room for improvement in terms of availability/
prices/sustainability of the reagents (including the fluoride
source and the solvent) and the stoichiometry/sustainability/
atom economy of the reaction.”

Diethylaminodifluorosulfinium tetrafluoroborate
([Et,NSF,]BF,), XtalFluor-E, has been developed as a
practical alternative to DAST and DeoxoFluor in deoxofluori-
nation reactions due to its crystallinity and enhanced thermal
stabi]j’[y.uJ In two single examples, the potential for XtalFluor-E
to promote the deoxofluorination of carboxylic acids was
demonstrated in the initial report (Scheme lb),m“’b'11 though
under nonideal conditions (CH,Cl, as the solvent, unfavorable
stoichiometry and Et;N-3HF as the HF source).”

Herein, we report new reaction conditions for the synthesis
of acyl fluorides from carboxylic acids using XtalFluor-E
(Scheme 1c). Notably, this reaction, assisted by a catalytic
amount of NaF, showcases the use of XtalFluor-E as a double-
task reagent, i.e., the activating agent and the fluoride source,
and occurs at room temperature in EtOAc, a desirable
solvent.”™” A variety of acyl fluorides were obtained in
moderate to excellent yields after simple filtration on a pad
of silica gel.

Selected results for the optimization of 4-phenylbenzoic acid
(1a) as the model substrate are shown in Table 1. Under the
initial conditions reported (Table 1, entry 1),10“’b the

Received:  June 10, 2020
Published: July 21, 2020

Limites des
& méthodes
décrites

17



| L’idée des auteurs, ses avantages ?
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Un premier

exemple N

/ R)J\OH

cyl fluorides are key intermediates/reagents in organic

synthesis with a wide range of app]jcaticms.1 A number of
approaches for their preparaticln2 have been explored over the
years, though the main route remains the direct conversion of a
carboxylic acid to the cormresponding acyl fluoride.®> This
transformation can be accomplished using deoxofluorinating
agents, mainly DAST (diethylaminosulfur trifluoride)™ and
Deoxo-Fluor (bis(2-methoxyethyl)aminosulfur trifluoride)*” as
well as other reagents (Scheme la).’ Recently, the use of
(Me,N)SCF; or a PPh,/NBS/Et;N-3HF system has been

Scheme 1. Deoxofluorination of Carboxylic Acids
(a) Traditional and recent approaches to acyl fluorides

deoxofluorinating agents

PPh, (2 equiv), NBS (2.1 equiv) l

j\ then EtzN-3HF (2 equiv) o
R” TOH CH,Cl,, 0 °C to rt R

Me,NSCF; (1.1 equiv) ?

CH,Cly, rt
(b) Initial report with XtalFiuor-E

XtalFluor-E (1.5 equiv)
(o] EtsN3HF (2 equiv) (0]

CH2C|2. rt R

2 examples (89-94%)

(c) This work
XtalFluor-E (1.1 equiv)
0 NaF (10 mol %) 0]

EtOAc, rt R

Cette étude

proposed as alternative conditions (Scheme 12).°™ While
most of these methods provide the acyl fluoride in good yields,
there is still room for improvement in terms of availability/
prices/sustainability of the reagents (including the fluoride
source and the solvent) and the stoichiometry/sustainability/
atom economy of the reaction.”

Diethylaminodifluorosulfinium tetrafluoroborate
([Et,NSF,]BF,), XtalFluor-E, has been developed as a
practical alternative to DAST and DeoxoFluor in deoxofluori-
nation reactions due to its crystallinity and enhanced thermal
stabi]j’[y.uJ In two single examples, the potential for XtalFluor-E
to promote the deoxofluorination of carboxylic acids was
demonstrated in the initial report (Scheme lb),m“’b'11 though
under nonideal conditions (CH,Cl, as the solvent, unfavorable
stoichiometry and Et;N-3HF as the HF source).”

Herein, we report new reaction conditions for the synthesis
of acyl fluorides from carboxylic acids using XtalFluor-E
(Scheme 1c). Notably, this reaction, assisted by a catalytic
amount of NaF, showcases the use of XtalFluor-E as a double-
task reagent, i.e., the activating agent and the fluoride source,
and occurs at room temperature in EtOAc, a desirable
solvent.”™” A variety of acyl fluorides were obtained in
moderate to excellent yields after simple filtration on a pad
of silica gel.

Selected results for the optimization of 4-phenylbenzoic acid
(1a) as the model substrate are shown in Table 1. Under the
initial conditions reported (Table 1, entry 1),10“’b the
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| Que retenir de I'optimisation ?

Selected results for the optimization of 4-phenylbenzoic acid
(1a) as the model substrate are shown in Table 1. Under the

initial conditions reported (Table 1, entry 1),'*" the
corresponding acyl fluoride 2a was observed in a quantitative

yield. Excess of Et;N-3HF is not necessary as the use of 1.0
equiv also provided a quantitative yield (Table 1, entry 2). We
next investigated the choice of the solvent as CH,Cl, is
considered a hlgle hazardous solvent in various solvent Taple 1. Selected Optimization Results for the Deoxofluorination of la Using XtalFluor-E®

gujdes.ga’b Other usable, but not ideal, solvents’™” such as o XtalFluor-E 0
cyclohexane, toluene, CH,CN, MTBE, or 2-MeTHF were " “OH fluoride seurce Q)LF
evaluated (Table 1, entries 3—7), and aside from 2-MeTHF Ph L solvent (conc.), rl time Ph
(37%), all provided 2a in >80% yield. The use of acetone, a 1a 2a
much-preferred solvent, provided only a moderate yield of 2a catry P~ source (equir) XtalFluorE (equiv) T conc (M) time (h) yield (%)®
(Table 1, entry 8). Nonetheless, this result is still interesting 1 Et,N-3HF (2) L5 CH,CIL, 033 3 100
considering that XtalFluor-E is known to mediate the 2 EN-3HF (1) LS CH,CL 033 3 100
deoxofluorination of ketones.'® Finally, the reaction in 3 EGN-3HE (1) 1S cyclohexane 033 3 100
11ab i . 4 Et;N-3HF (1) 15 toluene 033 3 100
EtOAc, a recommended solvent, provided the acyl fluoride 5 Et,N-3HE (1) 15 CH,CN 033 3 %
in 91% yield (Table 1, entry 9), a yield high enough to pursue 6 EtN-3HE (1) Ls MTBE 033 3 80
the optimization using this solvent. We next turned our 7 EN-3HE (1) LS 2MeTHE 033 ? 7
; . B 8 Et;N-3HF (1) 15 acetone 033 3 67
attention to g&}e fluoride source as the GSK reagents guide for 9 EtN-3HE (1) 15 FtOAc 033 3 o1
fluorination,  indicating that Et;N-3HF presents major 10 TBAT (1)° 15 EtOAc 033 3 95
drawbacks. A survey of various fluoride sources (Table 1, u TBAE (1) L5 EtQAc 033 3 37
12 Me,NE (1 15 EtOAc 033 3 87
entries 10—14) revealed that NaF could provide a similar result 5 KE (1) W s o 033 3 pe
to Et;N-3HF. Some fine-tuning showed that the equivalent of 14 NaF (1) 15 EtOAc 033 3 L)
XtaFluor-E could be reduced to 1.1 and that the concentration 15 NaF (1) 11 EtOAc 033 3 89
) . . . ) . 16 NaF (1) 11 EtOAC 05 3 90
could be increased to 0.5 M with almost no impact on the yield b NaF (1) . EOAC ) ; a1
(Table 1, entries 15—17). Finally, further optimization (Table 18 NaF (025) L1 EtOAC 05 3 47
1, entries 18—20) showed that a catalytic amount of NaF (10 19 NaF (025) L1 EtOAc 0.5 2 98
- 3 t
mol %) could be used with a longer reaction time to provide a 20 NaF (0.1) M FtOAe 03 # % (54
. ) . . 21 11 EtOAc 05 24 27
virtually full conversion and a yield of the acyl fluoride of 94% 2 NaF (0.1) EtOAc 05 4 0

after a Sh“PIE filtration on a Pad of silica gEl [mPthﬂntlYJ this “See the Experimental Section for the detailed experimental procedures. “Yield estimated by ""F NMR using 2-fluoro-4-nitrotoluene as the internal
result indicates that XtalFluor-E behaves as the fluoride source standard. “TBAT = tetrabutylammonium difluorotriphenylsilicate. “TBAF = tetrabutylammonium fluoride. “A 1 M solution of TBAF in THF was

-1sed. TYield of 2a after fltration on a silica gel pad.
under those conditions. In that regard, without NaF, a low BEP

conversion of 27% is observed (Table 1, entry 21). Finally, a

reaction without XtalFluor-E, for which no conversion was

observed, confirmed the need for the reagent. (Table 1, entry

22). Overall, the conditions reported in entry 20 were

determined to be optimal and thus used for the rest of the 19
study.



| Que retenir de I'optimisation

Selected results for the optimization of 4-phenylbenzoic acid
(1a) as the model substrate are shown in Table 1. Under the
initial conditions reported (Table 1, entry 1),'"" the
corresponding acyl fluoride 2a was observed in a quantitative
yield. Excess of Et;N-3HF is not necessary as the use of 1.0
equiv also provided a quantitative yield (Table 1, entry 2). We
next investigated the choice of the solvent as CH,Cl, is
considered a highly hazardous solvent in various solvent
gujdes.%’b Other usable, but not ideal, solvents”™" such as
cyclohexane, toluene, CH,CN, MTBE, or 2-MeTHF were
evaluated (Table 1, entries 3—7), and aside from 2-MeTHF
(37%), all provided 2a in >80% yield. The use of acetone, a
much-preferred solvent, provided only a moderate yield of 2a
(Table 1, entry 8). Nonetheless, this result is still interesting
considering that XtalFluor-E is known to mediate the
deoxofluorination of ketones.'® Finally, the reaction in
EtOAc, a recommended solvent,“a’b provided the acyl fluoride
in 91% yield (Table 1try 9), a yield high enough to pursue
the optimization using Wgs solvent. We next turned our
attention to the fluoride souMg as the GSK reagents guide for
ﬂ|_1orin-.itio-t'i,';c indicating that resents major
drawbacks. A survey of various s (Table 1,
entries 10—14) revealed that NaF coul
to Et;N-3HF. Some fine-tuning showed
XtaFluor- E. could be reduLed to 1.1 and that

mol %) could be used with a longer reaction time to provide

virtually full conversion and a yield of the acyl fluoride of 94%

after a simple filtration on a pad of silica gel. Importantly, this =
result indicates that XtalFluor-E behaves as the fluoride source ¢

under those conditions. In that regard, without NaF, a low
conversion of 27% is observed (Table 1, entry 21). Finally, a
reaction without XtalFluor-E, for which no conversion was
observed, confirmed the need for the reagent. (Table 1, entry
22). Overall, the conditions reported in entry 20 were
determined to be optimal and thus used for the rest of the
study.

Le texte décrit les résultats du tableau

Réaction modele

Screening des

N
Table 1. Selected Optimization Results for the DeoNuorination of 1a Using XtalFluor-E® param etres
o XtalFluor-E o)
fluoride source
| = OH Q)LF
Ph = solvent (conc,), rt, time Ph
1a 2a
entry F~ source (equiv) XtalFluor-E (equiv) solvent conc (M) time (h) yield (%)?
1 Et,N-3HE (2) LS CH,CL, 033 3 100
2 Et;N-3HE (1) L5 CH,CL, 033 3 100
3 Et;N-3HF (1) L5 cyclohexane 033 3 100
4 Et;N-3HF (1) 15 toluene 0.33 3 100
5 E&,N-3HE (1) LS CH,CN 033 3 90
6 E&,N-3HE (1) LS MTBE 033 3 80
7 Et;N-3HF (1) L5 2-MeTHF 033 3 37
8 Et;N-3HF (1) 15 acetone 033 3 67
9 Et,N-3HEF (1) LS EtOAc 033 3 91
10 TBAT (1)° L5 EtOAc 033 3 95
11 TBAF (1)** L5 EtOAc 033 3 37
12 Me,NF (1) L5 EtOAc 033 3 87
13 KE (1) LS EtOAc 033 3 5
14 NaF (1) 15 EtOAc 033 3 92
15 NaF (1) L1 EtOAc 033 3 89
16 NaF (1) L1 EtOAc 0.5 3 90
17 NaF (1) L1 EtOAc 1 3 81
18 NaF (0.25) L1 EtOAc 0.5 3
19 NaF (025) Ll EtQAC 05 2
NaF (0.1) 1.1 EtOAc 05 24 99 {94%&'
11 EtOAc 0.5 24 27
NaF (0 1) EtOAc 0.5 0

Justification de

certains choix

refaire la manip
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| Champ d’application de la méthode ?
|

Scheme 2. NaF-Assisted Deoxofluorination of Carboxylic Acids Using XtalFluor-E*
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The scope of the transformation was next examined, and the
results are shown in Scheme 2 (top). A wide range of aromatic,
heteroaromatic, and aliphatic acids could be used and provided
the corresponding acyl fluorides in moderate to excellent yields
(36—99%) after filtration on a pad of silica gel. For some acyl
fluorides, only NMR vyields are provided because of their high
volatility (2d,p,q), their instability upon filtration on silica gel
(2m,0), and for the isolated compound presented significant
impurities (2n) or hydrolyzed readily upon isolation (2aa). We
next showed that a sequential deoxofluorination/amidation
reaction was possible, thus avoiding the need to isolate the
intermediate acyl fluoride (Scheme 2, bottom)."* In those
cases, the amine (benzylamine or morpholine) and i-Pr,EtN
(the base) were added to the crude acyl fluorides. With this
procedure, the corresponding amides were isolated in good to
excellent yields (73—99%) even for problematic acyl fluorides
(i.e, 2m and 2aa).

“All reactions were performed on a 1 mmol scale except for 2aa (0.09 mmol), 2ab (0.5 mol), and 3f (0.25 mmol). Pyield after filtration on a pad of

silica gel. “Yield of the acyl fluoride estimated by "*F NMR using 2-fluoro-4-nitrotoluene or 4-triflioromethylbenzaldehyde as the intemnal standard.
4One equiv of NaF was used. “2.2 equiv of Xtal Fluor-E was used along with a reaction temperature of 80 °c.f2a equiv of XtalFluor-E was used.

#Yield after purification by flash chromatography on silica gel.
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Scheme 2. NaF-Assisted Deoxofluorination of Carboxylic Acids Using XtalFluor-E*
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Les exemples qui marchent,
réaction générale
Quelques problemes de
purification

The scope of the transformftion was next examined, and the
results are shown in Scheme J (top). A wide range of aromatic,
cids could be used and provided
the corresponding acyl fluorifles in moderate to excellent yields
(36—99%) after filtration off a pad of silica gel. For some acyl
fluorides, only NMR yield\lre provided because of their high
volatility (2d,p,q), their instability upon filtration on silica gel
(2m,0), and for the isolated compound presented significant
impurities (2n) or hydrolyzed readily upon isolation (2aa). We

heteroaromatic, and aliphati

next showed that a sequential deoxofluorination/amidation
reaction was possible, thus avoiding the need to isolate the
intermediate acyl fluoride (Scheme 2, bottom)."* In those
cases, the amine (benzylamine or morpholine) and i-Pr,EtN
(the base) were added to the crude acyl fluorides. With this
procedure, the corresponding amides were isolated in good to
excellent yields (73—99%) even for problematic acyl fluorides
(i.e, 2m and 2aa).

Les produits « F » instables

réagissent bien

~

Une application synthétique : amides

“All reactions were performed on a 1 mmol scale except for 2aa (0.09 mmol), 2ab (0.5 mol), and 3f (0.25 mmol). Pyield after filtration on a pad of

silica gel. “Yield of the acyl fluoride estimated by "*F NMR using 2-fluoro-4-nitrotoluene or 4-triflioromethylbenzaldehyde as the intemnal standard.
4One equiv of NaF was used. “2.2 equiv of Xtal Fluor-E was used along with a reaction temperature of 80 °c.f2a equiv of XtalFluor-E was used.

£Yield after purification by flash chromatography

on silica gel.
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Mécanisme et conclusion

|
With respect to the mechanism, we suggest that the reaction

of the carboxylic acid with XtalFluor-E would first generate the
activated carboxylic acid, (diethylamino )difluoro-A*-sulfanyl
carboxylate (4), an intermediate suggested for other reactions
involving carboxylic acid and XtalFluor-E."> An SnAcyl
reaction of a fluoride ion with intermediate 4 would produce
the desired acyl fluoride along with a fluoride ion, which could
re-enter the cycle. The introduction of a substoichiometric
amount of NaF likely serves to facilitate the first turnover of
the cycle. Indeed, without the added NaF, the activated
carboxylic acid (4) likely only slowly releases fluoride, "’
explaining the low conversion observed without NaF (cf. entry

21 in Table 1).
Scheme 3. Mechanistic Hypothesis®

Foovy—
0 S=N

)k F’ N J?L F\SJF
R™ 077N

R OH
4

0
added Nam

—_——
faster

R

F

slow as 4 only sluggishly releases F~

+ EtLNSOF + F-

“The BF,~ counterion of XtalFluor-E and the Na* counterion of sodium fluoride have been omitted for clarity.

In conclusion, we have described the NaF-assisted
deoxofluorination reaction of carboxylic acids using Xtal-
Fluor-E as a practical approach to acyl fluorides. Notably, the
reaction takes place in a green solvent, EtOAc, at room
temperature using readily available solid reagents, where
XtalFluor-E acts as a double-task reagent. A wide range of
acyl fluorides were obtained after simple filtration on a pad of

silica gel.
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Mécanisme et conclusion

|
With respect to the mechanism, we suggest that the reaction

of the carboxylic acid with XtalFluor-E would first generate the
activated carboxylic acid, (dieﬂly]amino)djﬂuoro—f—su]fanyl
carboxylate (4), an intermediate suggested for other reactions
involving carboxylic acid and XtalFluor-E."> An SnAcyl
reaction of a fluoride ion with intermediate 4 would produce
the desired acyl fluoride along with a fluoride ion, which could
re-enter the cycle. The introduction of a substoichiometric
amount of NaF likely serves to facilitate the first turnover of
the cycle. Indeed, without the added NaF, the activated
carboxylic acid (4) likely only slowly releases fluoride, "’
explaining the low conversion observed without NaF (cf. entry

21 in Table 1).

Scheme 3. Mechanistic Hypothesis®
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“The BF,~ counterion of XtalFluor-E and the Na* counterion of sodium fluoride have been omitted for clarity.

In conclusion, we have described the NaF-assisted
deoxofluorination reaction of carboxylic acids using Xtal-

Fluor-E as a practical approach to acyl fluorides. Notably, the

reaction takes place in a green solvent, EtOAc, at room \

temperature using readily available solid reagents, where
XtalFluor-E acts as a double-task reagent. A wide range of
acyl fluorides were obtained after simple filtration on a pad of

silica gel.

Les points importants et les
avantages de la méthode sont

réesumes
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Partie experimentale et références

B EXPERIMENTAL SECTION

General Information. The following includes general exper-
imental prucedures, speciﬁc details for representative reactions,
isolation, and spectroscopic information for the compounds prepared.
Solvents were used as purchased unless stated as dry. CH;CN,
CH,Cl,, and toluene were purified using a Vacuum Atmospheres Inc.
solvent purification system. All air- and water-sensitive reactions were
carried out under an argon atmosphere. Reactions were monitored by
TLC on precoated plates (SiliCycle, silica gel 60 A F254 230—240
mesh), and products were visualized under 254 nm UV light followed
by staining with KMnO,, 2,4-dinitrophénylhydrazine (DNPH),
cerium ammonium molybdate (CAM), phosphomolybdic acid
(PMA), or bromocresol green when appropriate. Purifications were
carried out using a Biotage Isolera one flash chromatography system
using Biotage KPSIL SNAP or SiliCycle SiliaSep silica gel cartridges
or under flash column chromatography (SiliCycle, silica gel 60 A
F254). NMR spectra were recorded on an Agilent DD2 500 or a
Varian Inova 400 spectrometer in the indicated deuterated solvent at
298 K. Chemical shifts are reported on the § scale in ppm. For "H and
C spectra, chemical shifts are referenced to residual solvent
references or the internal TMS reference. For °F spectra, calibration
was performed using a unified scale.'* Resonances are reported as
follows: chemical shift (8§, ppm), multiplicity (s = singlet, br s = broad
singlet, d = doublet, t = triplet, q = quartet, p = pentaplet, m =
multiplet, or a combination of the above), coupling constant (Hz),
integration. High-resolution mass (HRMS) spectra were recorded on
an LC/MS-TOF Agilent 6210 using atmospheric pressure photo-
ionization (APPI) or electrospray ionization (ESI) in positive mode.
Infrared spectra (IR) were recorded on an ABB MB 3000 FT-IR
spectrometer and on a Thermo Scientific Nicolet 380 FT-IR
spectrometer. Absorptions are reported in cm™'. Melting points
were measured on a Stanford Research System OptiMelt MPA100
automated melting point apparatus.

General Procedure for the Synthesis of Acyl Fluorides. To a
solution of carboxylic acid (1.0 equiv, 1.0 mmol) in dry EtOAc (0.5
M) was added NaF (10 mol %, 0.10 mmol, 4.2 mg), followed by
XtalFluor-E (1.1 equiv, 1.1 mmol, 252 mg). After 24 h of stirring at
room temperature under argon, the reaction mixture was purified by
filtration over a pad of silica gel.

[1,1"-Biphenyl]-4-carbonyl Fluoride (2a). According to a general
procedure starting with [1,1'-biphenyl]-4-carboxylic acid (1.0 mmol,
198 mg), acyl fluoride 2a was observed in a quantitative '"F NMR
yield using 2-fluoro-4-nitrotoluene as an internal standard and isolated
as a white solid (189 mg, 94%) after filtration over silica using hexanes
as the eluent. "H NMR (500 MHz, CDCL,): § 8.13—8.09 (m, 2H),
7.76—7.71 (m, 2H), 7.66—7.61 (m, 2H), 7.52—7.47 (m, 2H), 7.46—
741 (m, 1H). YF NMR (470 MHz, CDCL,): & 18.1 (s, 1F). The
analytical data are in agreement with those previously reported in the
literature." "*
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B EXPERIMENTAL SECTION

General Information. The following includes general exper-
imental procedures, speciﬁc details for representative reactions,
isolation, and spectroscopic information for the compounds prepared.
Solvents were used as purchased unless stated as dry. CH;CN,
CH,Cl,, and toluene were purified using a Vacuum Atmospheres Inc.
solvent purification system. All air- and water-sensitive reactions were
carried out under an argon atmosphere. Reactions were monitored by
TLC on precoated plates (SiliCycle, silica gel 60 A F254 230—240
mesh), and products were visualized under 254 nm UV light followed
by staining with KMnO,, 2,4-dinitrophénylhydrazine (DNPH),
cerium ammonium molybdate (CAM), phosphomolybdic acid
(PMA), or bromocresol green when appropriate. Purifications were
carried out using a Biotage Isolera one flash chromatography system
using Biotage KPSIL SNAP or SiliCycle SiliaSep silica gel cartridges
or under flash column chromatography (SiliCycle, silica gel 60 A
F254). NMR spectra were recorded on an Agilent DD2 500 or a
Varian Inova 400 spectrometer in the indicated deuterated solvent at
298 K. Chemical shifts are reported on the § scale in ppm. For "H and
C spectra, chemical shifts are referenced to residual solvent
references or the internal TMS reference. For °F spectra, calibration
was performed using a unified scale.'* Resonances are reported as
follows: chemical shift (8§, ppm), multiplicity (s = singlet, br s = broad
singlet, d = doublet, t = triplet, q = quartet, p = pentaplet, m =
multiplet, or a combination of the above), coupling constant (Hz),
integration. High-resolution mass (HRMS) spectra were recorded on
an LC/MS-TOF Agilent 6210 using atmospheric pressure photo-
ionization (APPI) or electrospray ionization (ESI) in positive mode.
Infrared spectra (IR) were recorded on an ABB MB 3000 FT-IR
spectrometer and on a Thermo Scientific Nicolet 380 FT-IR
spectrometer. Absorptions are reported in cm™. Melting points
were measured on a Stanford Research System OptiMelt MPA100
automated melting point apparatus.

General Procedure for the Synthesis of Acyl Fluorides. To a
solution of carboxylic acid (1.0 equiv, 1.0 mmol) in dry EtOAc (0.5
M) was added NaF (10 mol %, 0.10 mmol, 4.2 mg), followed by
XtalFluor-E (1.1 equiv, 1.1 mmol, 252 mg). After 24 h of stirring at
room temperature under argon, the reaction mixture was purified by
filtration over a pad of silica gel.

[1,1"-Biphenyl]-4-carbonyl Fluoride (2a). According to a general
procedure starting with [1,1'-biphenyl]-4-carboxylic acid (1.0 mmol,
198 mg), acyl fluoride 2a was observed in a quantitative '"F NMR
yield using 2-fluoro-4-nitrotoluene as an internal standard and isolated
as a white solid (189 mg, 94%) after filtration over silica using hexanes
as the eluent. "H NMR (500 MHz, CDCL,): § 8.13—8.09 (m, 2H),
7.76—7.71 (m, 2H), 7.66—7.61 (m, 2H), 7.52—7.47 (m, 2H), 7.46—
741 (m, 1H). YF NMR (470 MHz, CDCL,): & 18.1 (s, 1F). The
analytical data are in agreement with those previously reported in the
literature."

Analyses des produits

obtenus

Informations générales :
gualité des solvants, types
d’appareils, techniques

utilisées...

Protocole expérimentale
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