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TFFH AS A USEFUL REAGENT FOR THE CONVERSION OF CARBOXYLIC ACIDS
TO ANILIDES, HYDRAZIDES AND AZIDES'

A. El-Faham' and M. Abdul-Ghani

Beirut Arab University, Faculty of Science, Chemistry Department,
P. O. Box 11-5020, Beirut, LEBANON
E-mail: Aymanel_faham@hotmail.com

N-Protected amino acid fluorides are stable and powerful acylating reagents for peptide
formation for both solution and solid phase peptide synthesis.! Such acid fluorides are more
stable than the corresponding chlorides towards neutral oxygen nucleophiles such as water and
methanol and yet appear to be of equal reactivity towards anionic nucleophiles and amines.”
Recently, tetramethylfluoroformamidinium hexafluorophosphate (TFFH, 1) was introduced by
Carpino and El-Faham® and shown to be an excellent reagent for the in situ formation of acyl
fluorides from the comresponding carboxylic acids. Moreover, TFFH is also a very convenient
reagent for the preparation of isothiocyanates from the corresponding primary amines in the
presence of carbon disulfide.* The present work describes the utility of TFFH for conversion of
carboxylic acid to anilides, dihydrazides and acyl azides.

In preliminary studies, several anilides were prepared by activation of an equimolar
solution of a carboxylic acid with TFFH in acetonitrile in the presence of triethylamine at 0°C.
The mixture was stirred for 5-10 min and then aniline (1 equiv.) was added to the reaction
mixture, followed by addition of one equivalent of triethylamine. The solution was stirred for 2 h
at room temperature and then worked up to give the desired product (Table 1).

RCOF
RCOOH a NMe,
Et;N I A PhNH
+ R‘°‘°—<\” F (RCO),0 + RCOF z RCONHPh
MeoN CH;CN NMe, 3
+:>_ F (+EtaNHPFg)

N
Me:N PFo )|:C>=o + RCOF
1 R 2
a)R=CH; b)R=PhCH,- c)R =PhCH=CH- d)R =Z-Aib- f)R =Bz-Gly-
Scheme 1
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Table 1. Mps and Physical Data of Anilides ¢

Cmpd Yield(%) mp(°C) lit. (°C) Elemental Analysis (Found)
C H N
3a 80 112-114 111-112 - - -
3b 81 116-118 116-117 - - -
3¢ 76 150-152 151-152 -—-- - -—--
3d 88 142-144 -—-- 67.61(6742) 5.63(5.82) 9.86(9.72)
3e 78 163-165 - 69.23(68.99) 6.41(6.62) 8.97(8.69)
K § 75 124-125 - 70.87(70.71)  5.51(5.38) 11.02(10.97)

@ All products were fully characterized by spectroscopic data and they were in accordance with
the values cited in the literature.>

Infrared examination of the reaction mixture during the activation step provides a
picture of the reactive intermediates present (Scheme I). Activation of the N-benzyloxycarbonyl
amino acids (Z-amino acids) by means of TFFH gave initially acid fluorides (IR: 1842 cm'') as
the only detectable species. With the N-benzoyl amino acid, a mixture of the acid fluoride (IR:
1840 cm') and the corresponding oxazolone 2e (IR: 1830 and 1685 cm'') was formed and on
standing, 2e was converted exclusively to the acid fluorides by attack of fluoride ion.>¢ Activa-
tion of carboxylic acids such as phenylacetic acid or cinnamic acid by means of TFFH gave
mixtures of the acid fluorides (IR: 1842 cm™!) and acid anhydrides (IR: 1824 and 1780cm’!) in
1:1 ratio. For some weak nucleophiles, e. g., 4-nitroaniline, it was found that the use of TFFH
gave results that were less satisfactory than those obtained with isolated acid flourides.®®

We also successfully employed TFFH for the direct conversion of acids to N,N'-diaroyl-
hydrazines (Scheme 2), which are valuable intermediates for the synthesis of oxadiazole,” and

R-~COzH O
4 NH,NHyH0 R'COH Ac0 O.
+ —_—
70

RCONHNH, RCONHNHCOR' — §f ————
TFFH EuN TFFH 5 HCIO,4

1 N

N™ “CgHs
6f

5a) R =R'=2-pyridyl; 5b) R =R'=2-furyl; 5¢)R=R'=0-CIC¢Hy; 5d) R =R'=0-HOC¢H,;

5e) R=R'=p-NOC¢Hy:  5f) R = 9-fluorenyl, R' = Ph; 5g) R = 9-fluorenyl, R' = p-BrCg¢Hy;

5h) R = 9-fluorenyl, R' = p-CICcH4; 5i) R = 9-fluorenyl, R' = 0-HOC¢Hy;:

5j) R = 9-xanthenyl, R' = 0-HOC¢H,; 5k) R = Z-Gly, R' = 9-xanthenyl; 51) R =Z-Gly, R' = 0-HOC¢H,

Scheme 2

metal chelates.® Various carboxylic acids were activated in the presence of triethylamine and
then condensed with hydrazine at ambient temperatures to give the corresponding symmetrical
and unsymmetrical diaroylhydrazines (Table 2). Treatment of the diaroylhydrazine (5f) with
acetic anhydride in the presence of perchloric acid at room temperature gave the corresponding
1,3,4-oxadiazole® (6f) (Scheme 2)
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Table 2. Mps and Physical Data of N,N-Diaroylhydrazines®
Entry Yield(%) mp.(°C) lit.(°C) Elemental Analysis (Found)
C ' H N

S5a 83 225-226 224-226 ——- -——- -
5b 72 239-240 238-239 —— -— —
5c 71 220-222 221-222 —— -—— —
5d 78 316-318 315-316 — - -
Se 85 298-300 297-298 -— -— -
5f 78 242-243 240-242 - - -—

5g 78 286-289 285
5h 73 248-250 248

Si 74 263-264 7326(73.00)  4.65(456)  8.14(7.95)
5j 76 246-248 70.00(69.75)  4.44(4.62)  7.78(7.53)
5k 75 293-295 66.82(66.95)  4.87(492)  9.74(9.58)
51 73 237-239 59.48(59.23)  4.96(5.10)  12.24(12.10)

@ All products were fully characterized by spectroscopic data and they were in accordance with
the values cited in the literature.>!0

Activation of carboxylic acids with TFFH in the presence of sodium azide and triethy-
lamine was carried out similarly (Table 3). Infrared examination of the reaction mixture after 5
min showed the presence of the acyl azide (IR: 2100 cm!) and traces of the acyl fluoride (IR:
1840 cm'). Eventually, the acyl fluoride disappeared (ca. 1 h). For all the systems described
above, tricthylamine is essential as no product is formed in its absence.

RCOH + TFFH RCON;

E3N Ta-e
Scheme 3

Table 3. Preparation of Acyl Azides from Carboxylic Acid and NaN, Using TFFH

Entry Product’ Yield (%) mp. (°C) lit. (°C)
7a Benzoyl azide 78 25-27 29-30
7b p-Nitrobenzoy! azide 69 68-69 68-69
Tc o-Chlorobenzoyl azide 68 63-65 62-64
7d 3,5-Dinitrobenzoy] azide 60 102-105 100-102
Te p-Toluoyl azide 80 89-91 88-90

All products were fully characterized by spectroscopic data (IR; 'HNMR; MS) and in accor-
dance with literature.!!
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EXPERIMENTAL SECTION

Melting points were obtained in open capillary tubes using a melting heating apparatus and are
uncorrected. NMR spectra were recorded using a Brucker 300 MHz instrument with TMS as
internal standard. Infrared Spectra were recorded using a Shimadzu 8300 series Fourier Trans-
form instrument. Elemental analyses were carried out at the University of Cairo, Microanalytical
Laboratories. All solvents were HPLC grade or of equivalent purity and used without further
purification.

General Procedure for Preparation of Anilides (3a-f).- The carboxylic acid (10 mmol) and
TFFH (10 mmol) were suspended in DMF and the mixture was cooled in an ice bath and triethy-
lamine (20 mmol) was added followed by aniline (10 mmol), while cooling in an ice bath. The
reaction mixture was stirred at 0°C for 30 min and at room temperature for 2 h. The product was
precipitated by adding 100 mL of cold water; it was then collected, washed with water, dried and
recrystallized from an appropriate solvent.

Compound 3d, white solid from ethyl acetate/hexane. '"H NMR (CDCL,): & 3.98 (s, 2H, CH,),
5.12 (s, 2H, CH,), 6.85 (t, 1H, NH), 6.89-7.88 (m, 11H, Ar-H and N-H).

Compound 3e, white solid from ethyl acetate/hexane. 'H NMR (CDCl,): 8 1.53 (s, 6H, 2CH,),
6.8 (s, 1H, NH), 6.89-7.88 (m, 11H, Ar-H and N-H).

Compound 3f, white solid from ethyl acetate/hexane. 'H NMR (CDCL,): & 3.95 (s, 2H, CH),
9.30 (s, 2H, CH,), 6.72(s, 1H, NH), 6.89-7.91 (m, 11H, Ar-H and N-H).

General Procedure for Preparation of Diaroylhydrazines (5a-1).- The carboxylic acid (10
mmol) and TFFH (10 mmol) was suspended in DMF. The mixture was cooled in an ice bath and
triethylamine (20 mmol) was added followed by hydrazine hydrate (20 mmol). The reaction
mixture was stirred at 0°C for 20 min and then at room temperature for 30 min. The monohy-
drazide was precipitated by addition of 100 mL of ice/water, collected, washed with water and
then dried. The crude product (5 mmol) was added to another cold solution of the same or a
different carboxylic acid (5 mmol), TFFH (5 mmol) and triethylamine (10 mmol) in DMF (10
mL). The reaction mixture was stirred at 0°C for 30 min and at room temperature for 2 h. The
course of the reaction was followed by TLC, EtOAc/hexane; 70/30. The diaroylhydrazine was
precipitated by adding ice cold water (100 mL), it was then collected, washed with water, dried
and recrystallized from an appropriate solvent.
N-Fluorenyl-9-carbonyl-N'-salicylylhydrazine (5i), yellowish-white solid from
benzene/methanol. '"H NMR (DMSO-d,): 8 4.99 (s, 1H), 6.91-6.98 (m, 2H), 7.33-7.44 (m, 8H),
7.6 (d, 1H). MS: m/z = 345.

N-Xanthenyl-9-carbonyl-N'-salicylylhydrazine (5j), yellowish white solid from ethyl acetate.
'H NMR (DMSO-d,): § 5.1 (s, 1H), 6.90-7.15 (m, 2H), 7.31-7.82 (m, 10H), 7.85-7.87 (m, 2H),
10.65 (s, 1H), 10.95 (s, 1H), 11.82 (s, 1H). MS: m/z = 360.
N-(-Z-Gly)-N'-Xanthenyl-9-carbonylhydrazine (5k), white solid from ethyl acetate. 'H NMR
(DMSO-d)): 6 3.91 (d, 2H), 5.02 (s, 1H), 7.08-7.20 (m, 5H), 7.30-7.82 (m, 8H), 8.77 (t, 1H),
10.18 (s, 1H), 10.58 (s, 1H). MS: m/z = 432.
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N-(Z-Gly)-N'-salicylylhydrazine (5I), white solid from ethyl acetate. 'H NMR (DMSO-d,): 8
4.01 (d, 2H), 6.90-6.96 (m, 2H), 7.43-7.55 (m, SH), 7.87-7.91 (m, 2H), 8.87 (t, 1H), 10.36 (s,
1H), 10.65 (s, 1H), 11.85 (s, 1H). MS: m/z = 344,

General Procedure for Preparation of Acyl Azides (7a-e).- To a stirred solution of carboxylic
acid (5 mmo!) and TFFH (5 mmol) in dry acetone (20 mL) was added triethylamine (1.30 mL,
10 mmol) at 0°C. The reaction mixture was stirred at this temperature for about 5 min and then
sodium azide (0.65 g, 10 mmol) was added over a period of 2-3 min. The reaction mixture was
slowly allowed to warm up to room temperature and then stirred for 24 h. The reaction mixture
was filtered to remove insoluble salts and the filtrate was evaporated under vacuum, the product
was purified by passage through a short silica gel column using a 50/50 mixture of acetone and
petrolenm ether as eluent. The solvent was removed under reduced pressure to give the pure acyl
azides.

Synthesis of 2-Phenyl-5-(9-fluorenyl)-1,3,4-oxadiazole (6f).- Perchloric acid (0.4 mL, 80%
v/v) was added dropwise to a cold solution of N-fluorenyl-9-carbonyl-N'"-benzoylhydrazine (Sf)
(0.36 g, 1.1 mmol) in acetic anhydride (4 mL) at such a rate that the temperature did not rise
above 40°C and the resulting clear solution was set aside at room temperature for 4-6 h. The
reaction mixture was treated with ether (20 mL) to give an oily product, and then triturated with
sodium carbonate solution (5%), collected, washed with ether (2 x 10 mL). The product obtained
was recrystallized from ethanol to give 0.19 g (61%) white crystals, mp. 168-170°C. 'H NMR
(DMSO-d6): 8 5.4 (s, 1H), 7.53-7.84 (m, 13H). MS: m/z = 310.

Anal. Caled for C, H N O: C, 81.29; H, 4.52; N, 9.03. Found: C, 81.05; H,4.76; N, 9.31

Acknowledgments.- Professor L. A. Carpino is thanked for his support and advice.

REFERENCES

*Abbreviations used: TFFH = Tetrafluoroformamidinium hexafluorophosphate; DMF =
Dimethylformamide; Z-Gly- = N-Benzyloxycarbonyl glycine; Z-Aib: N-Benzyloxycarbonyl o.-
aminoisobutyric acid; Bz-Gly = N-Benzoylglycine. Amino acids are abbreviated and designated
following the rules of the IUPAC-IUB Commission of Biochemical Nomenclature (J. Biol.
Chem., 247 (1972) 977).

"Correspondence author: on leave of absence, Faculty of Science, Department of Chemistry,
Alexandria University, Alexandria, Egypt.

1. (a)L. A. Carpino, D. Sadat-Aalaee, H. G. Chao, and R. H. Deselms, J. Am. Chem. Soc., 112,
9651 (1990). (b) L. A. Carpino, E. M. E. Mansour, and A. El-Faham, J. Org. Chem., 58,
4162 (1993) (c) H. Wenschuh, M. Beyermann, A. El-Faham, S. Ghassemi, L. A. Carpino,
and M. Bienert, J. Chem. Soc., Chem. Commun., 669 (1995).

3713



19: 48 26 January 2011

Downl oaded At:

EL-FAHAM AND ABDUL-GHANI

10.

11

(a) M. L. Bender and J. M. Jones, J. Org. Chem., 27, 3771 (1962). (b) C. G. Swain and C. B.
Scott, J. Chem. Soc., 75, 246 (1953).

(a) L. A. Carpino and A. El-Faham, J. Am. Chem. Soc., 117, 5401 (1995). (b) A. El-Faham,
Chemistry Lett., 671 (1998). (c) A. El-Faham, Org. Prep. Proced. Int., 30, 477 (1998).

U. Boss, B. Pedersen, and J. B. Christensen, Synth. Commun., 28, 1223 (1998).

(a) . R. A. Pollock and R. Stevens, Ed, “Dictionary of Organic Compounds”, Maruzen,
Tokyo (1965). (b) J. P. Greenstein and M. Winitz, “Chemistry of the Amino Acids” Vol. 2,
John Wiley & Sons, N.Y., p. 973 (1961). (c) K. Inomata, H. Kinoshita, H. Fukuda, K.
Tanabe, H. Kotake, Bull. Chem. Soc. Jpn., 51, 1866 (1978).

R. Fiammengo, G. Licini, A. Nicotra, G. Modena, L. Pasquato, P. Scrimin, Q. B. Brox-
terman, and B. Koptein, J. Org. Chem., 66, 5905 (2001). (b) L. A. Carpino, D. Ionescu, A.
El-Faham, M. Beyermann, P. Henklein, C. Hanay, H. Wenschuh and M. Bienert, Organic.
Lett., 5,975 (2003)

J. K. Daniel and N. P. Peet., J. Heterocyclic Chem., 15, 1309 (1978).

(a) W. Van Gentzkow, H. Formanek, 1. Dietrich, E. Knapek, Siemens Forsch-Entwick-
lungsber, 12, 149 (1983). (b) S. R. Tewari, S. K. Bajpai, S. K. Misra, G. N. Shukla, V. N.
Misra, J. Indian Chem. Soc., 59, 891 (1983).

A. Kassem, A. El-Faham and H. A. El-Wakil, Int. J. Chem. India, 6, 5 (1996); Chem. Abs.,
125, 86281b (1996)

H. Zhaoand, T. R. Bruke, Tetrahedron, 53, 4219 (1997).

(a) J. M. Lago, A. Arrieta, C. Palomo, Synth. Commun., 13, 289 (1983). (b)V. K. Gumaste,
B. M. Bhawal and A. R. A. S. Deshmukh, Tetrahedron Lett., 30, 1 (2002).

(Received November 23, 2002; in final form April 28, 2003)

374



