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Abstract. Cyanuric fluoride 2) is one of the most popular exposure. Carboxylic acids were converted into the corre-
fluorinating agents in organic chemistry. The title compoundsponding acid fluoridega—g using cyanuric fluoride. A non-
could be prepared in a 50 to 100 g scale by means of a chlaqueous work-up led to high yields on synthesizing a range
rine fluorine exchange, the process was characterized by @& functionalized acid fluorides.

simple preparation procedure, cheap reactants and a low time

Carboxylic acid fluorides are widely used in organic synthe-
ses. On the one hand they serve as efficient activated acyl ¢ 3 NaF, "
compounds in peptide couplings, the amide bond is formed )\ Sulfolane )\

- . T . : . N N N N
without anya-epimerization of the reactant chiral aminoacid J\ _— J\
fragment [1]. Acceptor oN-trityl protected amino acids [2] o Y o 60 - 78% Y .
can be involved as acid fluorides allowing a wide range of
substitution patterns. On the other hand carboxylic acid fluo- 1 2

rides are used in alkylations to generate ketones [3], to run
one pot reductions of carboxylic acids to carbinols [4], to
achieve the esterification of sensitive carboxylic acids [5] andS
to generate optically actiyed unsaturated amides and lactams
in zwitterionic aza-Claisen rearrangements \Nitallylamines

[6].

Employing carboxylic acid fluorides in syntheses of com-  All chemicals were used without further purification and
plex target molecules or in solid phase processes demandimigying. No unusual and dried apparatus was necessary (no
a complete conversion of the resin linked carboxylic acid aneflon apparatus). For vigorous stirring, a mechanical stirrer
efficient introduction of the fluorine is mandatory. Original- was found to be much better than a magnetic stirring bar.
ly, carboxylic acid fluorides had been built starting from the Teflon sockets had been used in all (heated) glassware con-
corresponding chlorides by means of a F—Cl exchange usingections to prevent any sticking. The time exposure was low
KF or KF/HF [7] at high temperatures or related conditions(about 4 to 6 hours including all operations) and the experi-
preventing any reaction with acid sensitive functional groupsmental technique was quite facile. Best yields (< 75%) were
Paying attention to a increasing interest in a broader applicasbtained running the reaction with 100—200 g cyanuric chlo-
tion of acid fluorides several mild fluorinating reagents hadride.
been extensively investigated. During the last decade predom- For storing of the cyanuric fluoride a dry PE bottle was
inantly cyanuric fluoride [8] and DAST (diethylamino sul- necessary. The alternative use of glassware should be avoid-

cheme 1Conversion of cyanuric chloride into cyanuric fluoride

furtrifluoride) [9] and, furthermore, SH10], 2-fluoro pyri-  ed because of the destruction of the fluoride in presence of
dinium salts [11], fluoro formamidinium salts [12] and XeF traces of acid and SiOCyanuric fluoride had been stored at
[13] had been used as versatile fluorine carriers. 0 °C for several months. In some cases a white precipitate

Cyanuric fluoride2 is by far the most popular reagent to occurred. In such case, a further distillation was recommend-
convert carboxylic acids into acid fluorides with high yields ed before use.
under mild conditions. Though commercially available, the Initially, the fluorination of carboxylic acid8 had been
price is such high, that it might be a problem to use it as &arried out following Carpinos [8] or Olahs [15] procedures:
"bulk chemical”. Encouraged by an early publication of Tul- The carboxylic aci®, cyanuric fluoride and pyridine were
lock et al [14] we developed a preparation procedure thatstirred in MeCN for an appropriate time, a final aqueous work-
allows the generation of the cyanuric fluor@léor less than  up allowed to isolate the desired fluorilgvith high yields.
tenth part of the charges using cheap reactants. Any handlir@n synthesizing aryl, alkenyl or saturated carboxylic acid flu-
of liquid HF was avoided [15]: Cyanuric chlorideand NaF  orides agla—c we succeeded running the reactions in a scale
(excess) were heated in sulfolane to about 150—-200 °C, the 3 g. Especially, small scale preparations and the fluorina-
cyanuric fluoride2 was distilled off directly from the reac- tion of a-acceptor substituted carboxylic acRits-f suffered
tion mixture. from a more or less efficient cleavage of the acyl fluorides
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4d—f during the aqueous work-up. In our hands, two altera-and a high yield. The present procedure is restricted to com-
tions gave increased yields: a non-aqueous work-up and thmunds with a boiling point >60 °C to avoid any distillation
diminution of the base quantum (pyridine) used for deproto-during the removal of the solvent (fluorides wlith. <60 °C
nation during the reaction. - [15]). As a limitation, the synthesis of chloroacetyl fluo-
Pyridine was found to promote the fluorination by an ini- ride4g (b.p. 77 °C) failed under the conditions described above
tial deprotonation of the carboxylic addThus,3 and pyri-  (best method for preparation following Olahs procedure, tef-
dine were used in a 1:1 ratio [15]. Because of the fact, thdbn apparatus [7]).
cyanuric fluoride2 transferred more than one fluori@had All new compounds were analyzed Hy and13C NMR
been employed sub-stoichiometrically (re8i@: 1:1 to 2:1).  spectroscopy to exclude any residual &idt pyridine, and,
Paying attention to the fact, that even halogenated cyanuri€ operative, by GC. All compounds were used in syntheses
acids were weak acids [16], the pyridine should cause only without further purification. The preparation of carboxylic
single deprotonation of a resulting derivattreConsequen-  acid fluorides succeeded in a 100 to 200 mg scale as well as
tially, cyanuric fluoride2 and pyridine could be employed in ina 1 to 15 g scale (Table 1).
equal molar ratios (sub-stoichiometric with respecs)tto

achieve a complete conversi(_)natihtc_)4 presupposing pro- _ Table 1 Synthesis of carboxylic acid fluoridds
ton transfers all over the reaction period. The solvent of choice

was found to be Ci€l,. The almost quantitative formation ENtry R scale: - workeup: - yield
of the ammonium saf from 2 and pyridine facili-tated the acid3 (g) method (%)
non-aqueous work-up. a Ph 0.2-10 B >05
On preparing non volatile acid fluoridéb—e, the amount b (3-MeOPh}CH,CH,- 0.1-0.5 AorB > 95
of pyridine was less crucial. Work-up (method A) started by¢ ~ (E)- (3-MeOPhyCH=CH- 0.1-0.5 AorB > 95
evaporating the CiCl,. The residue was suspended in dryd ~ BnO- 0.2-12 A > 95
toluene. Solid salb was separated by filtration to result a € Zh"\" 8'22‘85 BA :gg
clear solution. The final distillation of the solvent simultane- CI3- 0'2:3 A failur)e
ously removed residual pyridine to give the produetith :
high purity ¢3C NMR). 3 b.p.< 90 °C, yield varied between 60 and 95%

On preparing volatile fluorides daand4f (b.p. <150 °C),
an exact dosage of pyridine was recommendable running t
reaction to avoid the presence of any residual base in the prc’;‘g
uct. The non-aqueous work-up (method B) started with thet
addition of dry pentane to the reaction mixture CH,CI,/
pentane = 1:1) to cause the precipitation of all polar com
poundsb. After filtration, the solvent could be removed to
give the desired carboxylic acid fluoride in a sufficient purity

In conclusion, the facile preparation of cyanuric fluoride
ith low price materials provides the extensive use of the
uorinating reagent even as a "bulk material”. Thus, the syn-
hesis of a range of carboxylic acid fluorides succeeded with
high yields treating the corresponding acids with a 1:1 mix-
ture of cyanuric fluoride and pyridine. The non-aqueous work-
up allowed an efficient generation of the activated carboxylic
acids with excellent yields and with sufficient purity for fur-
ther applications.

1. pyridine _ .
F o ShCl o © PyH We are grateful to Prof. Dr. H. Vorbriiggen and Priv.-Doz. Dr.
N)\N 2. pentane N D. Lentz for intensive discussions.
I+ oH —= F o+ I
F \N)\F R >90% g HO)\\N)\F
2 3 da-f 5 Experimental
'Py,//(+ P o \ o All reactions involved water sensitive chemicals and were
0 )\[H-Pvl* Q carried out in flame-dried glassware under Ar, in most cases
o _CFNe NZ IN RCH,CO,H o . N IN with magnetic stirring. All solvents were dried before use
—_— - .
L ey - RCH.COF F)\\N)\F I S +F )\\N )\F following standard proceduré$i NMR spectra were record-

ed on a Bruker AM 270 spectrometer (270 MHz), all spectra
were obtained in CDGlwith TMS as internal standard,
Meo < MO x> 23 °C. Coupling constantd in Hz) were listed a&J (*H, tH)
© \©/\ \©/\ data unless noted otherwise for spectra judged to be first or-
der.13C NMR and DEPT spectra were obtained on the same
* ° ¢ instrument operating at 67 MHz. Mass spectrum: Varian MAT

o]
Ny~ Cl--- 711, HRMS with PFK as internal standard. GC: Perkin-Elm-
©/\ o - er 8420,
g
d e [e]

Py= pyridine CautiOI’l.'

All organo fluorine compounds are toxic! Cyanuric fluoride

is highly toxic, corrosive, moisture sensitive, lachrymatory.

Cyanuric chloride is corrosive and moisture sensitive. NaF is
Scheme 2Synthesis of functionalized carboxylic acid fluorides irritant, toxic, hygroscopic.
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An efficient hood should be used for all operations! After ent temperature. In most attempts the reaction was found to
finishing the experiments, the glassware should be stored ine complete at that time detected by tléldiNMR control.
aqueous NaOH overnight to cleave all remaining impuritiesWork-up method A: The solids were filtered off and the sol-
of cyanuric halides. Avoid any skin contact! vent was removed by distillation. The crude acid fluoride was

suspended in dry toluene (10 mL). After storing at —20 °C for
Synthesis of Cyanuric Fluoridg) (2,4,6-Trifluoro-1,3,5-tri- 20 min, the remaining solid was filtered off, the solvent was
azine, 50 g scale) removed to result the acid fluoridewhich was found to be

A 1000-mL three necked flask was equipped with an internaP" & enough for further transformations.

thermometer, a sealed mechanical stirrer, a small distillatiog Work-up method B: dry pentane (17 mL) was added to
apparatus (distillation head inc. thermometer, Liebigs con; omplete the precipitation of polar compounds (pyridinium

denser and distillate receiver) and a drying tube and w salts5). The solids were filtered off to result a clear solution.

a ; .
charged with cyanuric chloride(100 g, 0.542 mol) and so- Fhe solvents were carefully removed to give the carboxylic

dium fluoride (136.6 g, 3.253 mol, 6 eq.). Sulfolane (tetra-aC'd fluoride4, which was found to be pure enough for fur-

methylene sulfone, 414 mL, 521 g, 4.338 mol, 8 eq.) Wasther transformations.

added with stirring. The mixture was heated by means of &henylacetyl fluorid¢4a) [17]

heating hood (lnf|n|t6|y Vari.able heat reg'ulator), the tempe'Reaction with pheny]acetic aCiGEO (5 g, 36.7 mm0|) fol-
rature of was carefully monitored by the internal thermome-owing the standard procedure, 0 °C, work-up method B. Yield

ter. As soon as the temperature reached 160 °C a clear liquidlgs g4a ( 36 mmol, 98 %) as a pale yellow oil'H NMR:
was distilled off, the overhead temperature observed was abogtypm = 7.50-7.20 (m, 5H), 3.84—3.80 &[*H, 9] =

88 °C, after additional 30 min the distillate muddied. The2 4 Hz, 1H). 43C NMR: &ppm = 161.3 (CO, d.J[13C,1F]
internal temperature was continuously raised to 250 °C and 361 Hz), 130.7 (C), 129.2 (CH), 128.8 (CH), 127.9 (CH),
the distillate was collected until the overhead temperaturgg.g (CH, 2J[13C,1%] = 53.7 Hz).

reached 100 °C (about 2.5 h). Vigorous stirring of the sus- ,

pension was crucial to maximize the yield. The color of the#-(3-Methoxyphenyl)-butanoy! fluoridéb) [18]

reaction mixture changed from pale yellow to dark brown.Reaction with 4-(3-methoxyphenyl)-butanoic acRb)
Then, the reaction was terminated to avoid any distillation 0{475 mg, 2.45 mmol) following the standard procedure, 0 °C,
chlorodifluoro triazinelg.p. = 113 °C), dichlorofluoro triazine  work-up method B. Yield 456 mép (2.33 mmol, 95%) as a
(b.p. = 154 °C) or cyanuric chloridé.6. = 190 °C). yellow oil. —*H NMR: &ppm = 7.29-7.16 (m, 1H), 6.79—
Purification. The crude cyanuric fluoridgwas immediately ~ 6:72 (m, 3H), 3.82 (s, 3H), 2.67 (d['H,"F] = 6.9 Hz,
distilled a second time at normal pressure under argon to réJ[H,H] = 7.4 Hz, 2H), 2.51 () = 7.3 Hz, 2H), 2.01 (qi, 2H,
move all impurities: Heating bath 100 °C, overhead temperad = 7-3 Hz, 2H). 23C NMR: &/ppm = 159.8 (C), 155.2 (CO,
ture 72—73 °C. The clear liquid was directly collected in ad: J[**C*°F] = 310 Hz), 129.6 (C), 128.0 (CH), 120.8 (CH),
PE-bottle and stored at 0 or —20 °C. 114.3 (CH), 111.5 (CH), 55.1 (OCH 34.8 (CH, d,
Yield 56.69 g, 0.420 mol, 78% @&f NMR and GC analysis J['°C/%F] = 55 Hz), 31.6 (Ch), 25.3 (CH).

indicated a purity greater than 98%. (Scale 509/299teld  E-4-(3-Methoxyphenyl)-3-butenoy! fluorigc) [19]

69%/7%%2)' ) Reaction withE-4-(3-Methoxyphenyl)-3-butenoic aci®@d)
Recycling About 50% of the sulfolane was recycled: Firstly, (220 mg, 1.15 mmol) following the standard procedure, 0 °C,
the dark brown reaction mixture (suspension of NaCl in sulyork-up method B. Yield 213 mdg (1.13 mmol, 99 %) as a
folane) was allowed to cool to temperatures below 100 °Cyellow oil. —H NMR: dppm = 7.28-7.22 (m, 1H), 6.99—
Then, the precipitate was filtered off with suction. The re-g 81 (m, 3H), 6.55 (d, bg = 15.6 Hz, 1H), 6.2 (td] = 6.8,
maining crude liquid was distilled under reduced pressure ta5 g Hz, 1H), 3.82 (s, 3H), 3.44 (dd, Bl[H,19F] = 6.9 Hz,
give pure sulfolane (147 mL, 233 g, 1.938 mol, 45 %), whichsyiy H] = 7.4 Hz, 2H), 2.51 (t) = 7.3 Hz, 2H), 2.01 (qi] =
could be used for a second chloride-fluoride-exchange with7 3 Hz, 2H). 13C NMR: &ppm = 159.0 (C), 155.7 (CO, d,
out further purification. 1J[13CI9F] = 406 Hz), 137.4 (C), 135.3 (CH), 129.6 (CH),
Spectral data C;N,F, (2): 13C NMR (67 MHz, CDCJ):  119.0 (CH), 118.2 (CH), 113.7 (CH), 111.7 (CH), 55.2
dppm = 173 (dtlJ[T3C,19F] = 241 3J[13C,19F] = 18.7 Hz). —  (OCHB3), 35.8 (CH2, RJ[13C 19F] = 55 Hz).

MS (70 eV, El, 20 °C)m/z135 (M, 100%), 116 (21%), 90

(50%), 71 (8%), 45 (4%), 28 (9%), 18 (17%); HRMS Calcd, Benzyloxyacetyl fluoridéid) [6]

for C;N4F,: 135.00444. Found: 135.003910. Reaction with benzyloxyacetic aciéd) (3 g, 18 mmol) fol-
Potential side product (not found using the procedure as aforédwing the standard procedure, 23 °C, work-up method A.
said) GN,CIF,: 13C NMR: dppm = 171.5 (ddLJ[13C 19F] = Yield 3 g3d (1.13 mmol, 99%) as a colorless oitH-NMR:

241,3J[13C 19F] = 16.9 Hz), 179 (BJ[}3C19F] = 15.3 Hz).  9/ppm =7.40-7.20 (m, 5H), 4.65 (s, 2H), 4.25°§H, ]

= 3.4 Hz, 2H). 13C NMR &/ppm = 160.4 (CO, dJ[13C 19F]
Preparation of carboxylic acid fluorides 4a—f = 366 Hz), 136.1 (C), 128.6 (CH), 128.4 (CH), 128.1 (CH),

o _ _ 73.4 (ArOCH), 64.4 (OCH, d,2J[}3C,1%] = 71 Hz).

The carboxylic aci® (10 mmol) was dissolved in dry GEl, i .
(17 mL) at 0 °C or r.t. Pyridine (0.4 g, 0.4 mL, 5 mmol) was N-Phthaloylglycinyl fluoride4e) [20]
added with stirring, then, cyanuric fluorid2) (675 mg, Reaction withN-phthaloylglycine 8e) (2 g, 9.75 mmol) fol-
0.43 mL, 5 mmol) was added. A white precipitate occurred inowing the standard procedure, 23 °C, work-up method A.
several cases. The mixture was stirred for about 2 h at amb¥ield 1.95 g4e (9.75 mmol, 99%) as a colorless oil. —
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IH NMR: d/ppm = 7.86 (ddJ = 3.0, 5.4 Hz, 2H), 7.73 (dd,
J=3.0, 5.4 Hz, 2H), 4.55 (&) [H,9F] = 4.4 Hz, 2H). —
13C NMR: &ppm = 157.9 (CO, dJ[13C19F] = 363 Hz), 134.6
(CH), 131.4 (C), 123.8 (CH), 36.8 (GH,2J[**C,'F] = 76
Hz).

9]

[10]
Azidoacetyl fluorid€4f) [21]
Reaction with azidoacetic acidff (3.1 g, 31 mmol) follow- [11]
ing the standard procedure using 0.7 ec@ ehd pyridine,  [12]

23 °C, work-up method B. \olatile produdip. < 90 °C!

Yield 3 g4f (29 mmol, 94%) as a yellow oil, which darkens [13]
after a short time. 2H NMR: d/ppm = 4.08 (s, br, 2H). —
13C NMR: &/ppm = 158.9 (CO, dJ[13C 19F] = 364 Hz), 48.2
(CH,, d,2J[13C,XF] = 70 Hz). Hg}
Caution [16]
Azidoacetyl fluoride contains more than 40% N and might

be explosive. Avoid heating and contact with metal ions. [17]

(18]
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