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ABSTRACT: The commercially available fluoroiodomethane represents a valuable and effective electrophilic source for transferring
the CH,F unit to a series of heteroatom-centered nucleophiles under mild basic conditions. The excellent manipulability offered by
its liquid physical state (bp $3.4 °C) enables practical and straightforward one-step nucleophilic substitutions to retain the chiral
information embodied, thus allowing it to overcome de facto the requirement for fluoromethylating agents with no immediate access.
The high-yielding methodology was successfully applied to a variety of nucleophiles including a series of drugs currently in the
market.

Modulating critical physicochemical parameters of organic introduced in 2011 sulfoximinium salts for accessing
arrays through the introduction of fluorine-containing fluoromethylated aromatic alcohols and carboxylic and sulfonic
motifs represents an established tool in modern chemistry.’ acids (among other nucleophiles, i.e.,, enolates) (Scheme 1,
Accordingly, significant fine-tuning of metabolic stability and path b)."" Additionally, Lu and Shen designed more versatile
lipophilicity within the drug optimization process, inter alia, is analogues (sulfonium ylides) manifesting broader substrate
achieved by exploiting some of the unique properties offered scope, thus allowing the use also of aliphatic alcohols as
by embodying fluorine such as its small van der Waals radius competent nucleophiles (Scheme 1, path ¢).'” Stemming from
(1.47 A)” and its high electronegativity.3 Evidently, depending a radical pathway, Hu and co-workers demonstrated that N-
on the desired degree of fluorination of a given carbon tosyl sulfoximines could transfer the CH,F group to O-, S-, N-,
skeleton, a multitude of synthetic techniques can be devised.” and P-nucleophiles:"> importantly, they documented the
Although a plethora of methodologies have emerged for accelerating effect displayed by the a-fluorine substituent
introducing polyfluorinated methyl fragments (—CF; and — toward nucleophilic substitutions."* However, the multistep
CHF, groups),4a’5 protocols for formally transferring the preparation of these fluoromethyl donor agents jointly with the
monofluoromethyl (CH,F) analogue—an isostere for CH, nonoptimal atom economy associated with their employment
or CH,0OH groups—onto a valuable heteroatom remain still tends to circumscribe the applicability to model systems of
underdeveloped.® This aspect is particularly elusive when academic interest, thus making somehow difficult the routine
compared to the widespread relevance of this motif in access to fluoromethyl analogues of potential medicinal
pharmaceutics as illustrated in the cases of afloqualone, relevance. Remarkably, Hu proposed the gaseous reagent
fluticasone, or sevoflurane inter alia (Scheme 1).3’7 From a CICH,F—Freon 31 (bP —9.1 °C)—as an effective solution for
retrosynthetic perspective, the delivery of the formal electro- installing the motif on a variety of heteroatom nucleophiles.15
philic CH,F unit to the recipient nucleophile represents the Unfortunately, its physical state—gas—poses severe limita-
conceptually simplest disconnection to achieve the goal.8 tions for the experimental execution (e.g., impractical handling
Indeed, recent advancements indicate the versatility of process amd imprecise measurements of small quantities),
hypervalent sulfur species as valuable transfer agents working which ultimately lead to the eclipse of the innate synthetic
under an electrophilic regime. A breakthrough in the field was potential of such an approach. In this context, the simple
documented in 2008 by Prakash and Olah through the

development of shelf-stable electrophilic fluoromethylated Received: December 27, 2019

diarylasulfonium salts capable of releasing the CH,F motif to Published: January 31, 2020

various nucleophiles encompassing O-, S-, N-, and P- species
(Scheme 1, path a),” subsequently extended to the transfer of
—CHFMe systems by Besset et al.'® Furthermore, Shibata
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Scheme 1. Heteroatom-Based Monofluoromethylation:
State-of-the-Art
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replacement of the leaving chlorine atom with the heavier
iodine confers a dramatic enhancement of the manipulability of
the resulting fluoroiodomethane (FIM, bp 53.4 °C).'® Aware
of this practical advantage, our group conducted on it selective
iodine/lithium or hydrogen/lithium exchanges en route to
unprecedented nucleophilic fluoro-containing carbenoids for
preparation, through a single synthetic operation, of a-
fluoromethyl skeletons'” or three-membered fluorinated rings
(epoxides and aziridines)."® Furthermore, recently the reagent
is finding significant application in different areas of synthesis
as showcased in transition-metal-catalyzed cross-couplings with
boronic acids,'” in Cu-catalyzed borylfluoromethylation of
olefins,” in fluorocyclopropanations,” and in C-selective
monofluoromethylation of S-ketoesters”” and fluoromethyl-
phosphonium ylides.”’

Herein, we disclose a convenient direct and simple transfer
of the fluoromethyl fragment from the commercially available
FIM to a series of heteroatom-based nucleophiles [aromatic
(thio and seleno)alcohols, (thio)carboxylic acids, heteroar-
omatic nitrogen, phosphorus] by means of an intuitive
nucleophilic substitution (Scheme 1, bottom). We anticipate
the complete adaptability of the methodology for trans-
formations realized on currently employed drugs, thus enabling
rapid molecular modifications for preparing pharmaceutical
relevant fluoro-analogues.

Because of our interest toward chiral drugs”* and cognizant
of the different bioactivity displayed by the enantiomers of the
nonsteroidal anti-inflammatory agent Naproxene (1), we
selected the most active enantiomer—(S)-1 (>99:1 er)—as
the model substrate for evaluating both the CH,F transfer
efficiency from FIM and the preservation of the stereochemical
information. As indicated in Table 1, the use of a base was
critical for accomplishing the transformation (entry 1). Polar
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Table 1. Model Reaction: Optimization”

ICH,F (1.2 equiv)
base (1.2 equiv)

Me Me

~_OH OCH,F
SO Y

1 (8)-2
(S)-Naproxen

Solvent, rt

MeO MeO'

reaction time yield of er of
entry  solvent base (h) (8)-2 (%)? (8)-2
1 DMF - 24 traces -
2 DMF NaH 6 71 9S:5
3 THF NaH 6 64 94:6
4 DMF CsF 6 86 97:3
S DMF Cs,CO; 6 920 97:3
6 DMF KE-Celite 12 72 96:4
7 MeCN CsF 6 91 98:2
8 MeCN KE-Celite 8 78 97:3
9 MeCN Cs,CO; 6 97 >99:1
10° MeCN  Cs,CO;, 4 98 >99:1
119 MeCN  Cs,CO, 6 95 >99:1
12 MeCN DIPEA 12 61 98:2

“Unless otherwise stated, a ratio of (S)-1:ICH,F:base = 1:1.2:1.2 was
employed. bIsolated yield. “ICH,F (2.4 equiv), Cs,CO; (2.4 equiv).
9Reaction run at 10 mmol scale.

aprotic solvents performed reasonably well under basic
conditions, evidencing a noticeable role of the base in
triggering epimerization. Accordingly, running reactions in
the presence of NaH resulted in incomplete conversion and
perceptible racemization regardless of the solvent used (DMF
or THF, entries 2—3). Switching to cesium bases was beneficial
in terms of yield and er (entries 4 and S), while substantial
reaction slowing was evidenced with the supported base KF-
Celite® [entry 6 and entry 8 (in MeCN)]. Pleasingly, the
combination of acetonitrile and cesium carbonate resulted in
the ideal combination for optimizing the process, thus allowing
it to reach completion within 6 h without any erosion of the
optical purity (entry 9). Some additional points merit mention:
(1) analytically pure compounds were recovered after simple
extraction of the water phase with diethyl ether, thus
advantageously allowing us to skip chromatographic purifica-
tions; (2) only a small excess of ICH,F and Cs,CO; was
needed for completing the reaction, higher loading being
unfavorable for cost effectiveness/reaction time ratio (entry
10); (3) performing the reaction in 10 mmol scale was possible
without affecting both the yield and the er (entry 11); and (4)
changing to an organic base such as DIPEA (N,N-di-i-propyl-
N-ethylamine) was detrimental, thus confirming the gainful
outcome with the cesium salt (entry 12).

With the optimized conditions in hand, we then studied the
scope of the fluoromethylation on additional carboxylic acids
(Scheme 2). The full preservation of the optical purity was
confirmed in the cases of a-substituted phenylacetic acid
derivatives (3 and 4), and other common anti-inflammatory
agents underwent the transformation very efficiently: ibuprofen
(5), acetylsalicylic acid (aspirin, 6) and indomethacin (7).
Remarkably, this approach compared favorably with reported
protocols requiring sulfur-based CH,F donors, nondirectly
assembled."’

Pleasingly, the technique could be applied to chemo-
selectively fluoromethylate aromatic alcohols*® in the presence
of various decorating elements such as halogens (8—10), ester
(11), nitrile (12), ethers 13, ketones (14—15), and aldehydes
(16—17) (Scheme 3). Notably, sterically hindered (18) and
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Scheme 2. Fluoromethylation of Carboxylic Acids
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(hetero)polyaromatic systems (19—20) acted as competent
partners for the reaction, as well as an allyl-presenting phenol
(21). It is worth noting that the established conditions allow us
to perfectly discriminate the reactivity of aromatic vs aliphatic
alcohols which remained untouched (plausibly because of their
inherent lower acidity) during the transformation (22—23).
Unfortunately, attempts to realize the double fluoromethyla-
tion on both alcohol functionalities in the presence of harder
bases (KH or NaH in DMF or THF) resulted in complex
mixtures. Furthermore, 2-pyrazolin-S-ones—known to mani-
fest complex prototropic tautomerization phenomena”’ —
could be similarly employed to exclusively afford the
corresponding fluoromethyl ethers, including the analogue
(24) derived from the anti-amyotropic lateral scelerosis (ALS)
agent edavarone. Substitution across the pyrazole nucleus was
uniformly permitted (25—32), the ester- (28), ketone- (30—
31), and cinnamoyl- (32) bearing systems being representative
examples. Full flexibility of the reaction conditions was
evidenced for sulfur-centered nucleophiles,”® including a
smooth access to the steroidal agent fluticasone (33) prepared
starting from the parent thiocarboxylic acid. In analogy to the
aromatic alcohols discussed above, various thiophenol
derivatives (34—37) reacted with comparable efficiency, thus
providing versatility to the protocol, as for example observed
for nitro (38), 2,6-disubstituted phenyl (39), and hetero-
aromatic mercaptanes (41—43). It should be highlighted that
this monofluoromethylthiolation process overcomes de facto
the initial generation of thioate-type shuttles from the same
FIM introduced by Lu and Shen [S-(fluoromethyl)-
benzenesulfonothioate]*® and Jiang and Yi [Bunte salt
FCH,SSO;Na].”” The higher acidity of a thiophenol
(compared to an aliphatic alcohol) rendered feasible the
transformation for the trityl derivative (44), whereas an excess
of FIM and Cs,COj; enabled the double functionalization on
both oxygen and sulfur sites of thiosalicylic acid (45). The
method proved to be modular as indicated by the synthesis of a
selenium derivative (46), previously prepared through a
complex sequence involving aniline diazotization—conversion
into organoselenocyanate—formation of a diselenide, and
finally transfer of a RSe™ anion to FIM.*"

Scheme 3. Fluoromethylation of O-, S-, and Se-
Nucleophiles”
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“ICH,F (2.4 equiv), Cs,CO; (2.4 equiv).

To cover the range of nucleophilic groups amenable for the
proposed functionalization, we then demonstrated the validity
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of the technique for medicinally important nitrogenated Scheme 5. Stoichiometry-Controlled Fluorinative
heterocycles (Scheme 4). The purinic base stimulant drug Homologation of Salicylic Acid
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