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Convenient synthesis of fluoroalkyl a- and b-aminophosphonates
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A B S T R A C T

Addition of both alkyl phosphites and phosphonate a-carbanions to N-substituted aldimines derived

from fluoroalkyl aldehydes presents a convenient method for synthesis of fluoroalkyl a- and b-

aminophosphonates in good yield (55–86%) under mild conditions.
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1. Introduction

Recently fluoroalkyl a- and b-aminophosphonic acids and their
phosphonate esters have been the subject of considerable
attention in organic and bioorganic chemistry because of their
potential activity as metabolically stable transition state analogue
inhibitors of different peptidases, antimicrobial, antibacterial,
antihypertensive and anticancer agents as well as peptidomimetic
units [1]. The efficient examples of aminophosphonates containing
fluoroalkyl groups as inhibitors of serine esterases, alanine
racemase and pyrimidine phosphorylases have been demonstrated
[2]. Furthermore, considering the unique mode of hydrogen
bonding observed in free aminophosphonic acids and their
derivatives [3], these compounds might be very interesting models
for studying self-disproportionation of enantiomers via achiral
chromatography [4] and sublimation [5]. Despite the fact that
several research groups have carried out extensive studies for
synthesis of fluoroalkyl a- and b-aminophosphonic acid deriva-
tives, their preparation is not trivial and usually includes multi-
step procedures, which were summarized in recent comprehensive
review [6]. General methods for preparation of fluoroalkyl a-and
b-aminiophosphonates involve hydrogenation or reduction of
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fluoroalkyl a- and b-iminophosphonates and their isomeric
enamines, base-catalyzed [1,3]-proton shift reaction of the N-
benzyl substituted fluoroalkyl a- and b-iminophosphonates [7],
exchange of hydroxyl group in fluoroalkyl N-acyl hemiaminals for
phosphonate group via phosphite-phosphonate rearrangement,
addition of ammonia or benzylamine to fluoroalkyl a,b-unsatu-
rated phosphonates or ring opening of fluoroalkyl aziridine-2-
phosphonates [8]. Although nucleophilic addition of alkyl phos-
phites and phosphonate a-carbanions to imines is a common
approach for preparation of fluorine-free a- and b-aminopho-
sphonates [9] analysis of the literature has revealed that potential
of imines derived from polyfluoroalkyl aldehydes [10] in these
reactions remains largely unexplored. Only multi-step procedure
for assumed generation in situ of the corresponding N-phenyl
imine of fluoral followed by addition of diethyl phosphite giving
rise to corresponding phosphonotrifluoroalanine derivative have
been developed [11]. Synthesis of phosphonotrifluoroalanine was
also accomplished by treatment of O-trifluoroacetyl derivatives
derived from hemiaminals of fluoral with dialkyl trimethylsilyl
phosphites in pyridine [12]. It was suggested that intermediate N-
acyl imines were trapped by dialkyl trimethylsilyl phosphites
leading to corresponding a-trifluoromethyl a-aminophospho-
nates in quantitative yields. In contrast addition of dialkyl (or
diaryl) phosphites or carbanions generated from phosphonates to
the Schiff bases derived from hexafluoroacetone [13], trifluor-
omethyl ketones and trifluoropyruvates [14] as well as cyclic
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mailto:sorochinsky@bpci.kiev.ua
http://www.sciencedirect.com/science/journal/00221139
http://dx.doi.org/10.1016/j.jfluchem.2011.05.005


F3C P(OEt)2

NH2

O

F3C
P(OEt)2

RHN O
H2, 10%Pd/C
EtOH, 20oC 8

81.0%

CAN
MeCN-H2O, 20oC

n
4 n = 0, R = PMP
5 n = 0, R = Bn
7 n = 1, R = PMP

8 n = 0, 54.7%
9 n = 1, 68.9%

for 4 and 7

for 5

F3C
P(OEt)2

NH2 O

n

Scheme 1.
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fluoroalkyl imines [15] in the presence of bases or Lewis acids was
widely investigated. In this context it seemed quite reasonable to
consider the addition of alkyl phosphites and a-carbanions derived
from alkyl phosphonates to fluoroalkyl aldimines as a potentially
convenient, straightforward and general approach for preparation
of fluoroalkyl a- and b-aminophosphonates.

2. Results and discussion

Initially the addition of diethyl phosphite to N-substituted
fluoroalkyl aldimines 1–3 readily obtained by condensation of
hydrate or hemiacetal of corresponding aldehydes with amines
was studied. We found that reaction did not proceed in CH2Cl2 or
ether at room temperature without any catalyst. However, the
addition of diethyl phosphite on fluoroalkyl aldimines 1–3 in
CH2Cl2 proceeded smoothly in the presence of boron trifluoride
etherate (1 equiv.) at room temperature to give the desired a-
fluoroalkyl a-aminophosphonates 4–6 (Table 1). After simple
work-up procedure and purification by column chromatography
a-fluoroalkyl a-aminophosphonates 4–6 were isolated in good
yield. However, the purity of product 4 thus obtained was 96%
(according the 19F NMR data) and additional purification by
recrystallization from hexane was required. The scaling up of the
reactions did not affect the yield of products. The study of reaction
of aldimine 2 with triethyl phosphite in CH2Cl2 showed that
addition also proceeded in the presence of boron trifluoride
etherate at room temperature to result in the formation of a-
trifluoromethyl a-aminophosphonate 5. The addition reaction
between aldimine 1 and lithium salt of diethyl methylphosphonate
proceeded smoothly in THF at �78 8C within 1 h to afford, after
mild acidic work up, the corresponding b-trifluoromethyl b-
aminophosphonate 7, which was purified by crystallization. In
general, the best results were obtained when the solution of the
carbanion was added via cannula to a pre-cooled solution of the
aldimine 1. Variation of the solvents did not improve the efficiency
of addition and resulted in incomplete conversion of starting
aldimine 1 as indicated by 19F NMR and TLC analysis of crude
products.

For the removal of the substituent on the nitrogen, various
methods were used depending of the chemical structure of
substrates. Catalytic hydrogenolysis of 5 in EtOH in the presence of
20% palladium hydroxide on carbon under hydrogen atmosphere
(1 atm) occurred smoothly within 1 h and afforded the desired a-
aminophosphonate 8 with primary amino group as a single
Table 1
Addition of phosphorus reagents to N-substituted fluoroalkyl aldimines 1–3

.

Entry N-substituted

Aldimine

RF R Phosphorus

reagent

Product Yielda

(%)

1 1 CF3 PMP HP(O)(OEt)2 4 55.4

2 2 CF3 Bn HP(O)(OEt)2 5 86.3

3 3 H(CF2)6 Bn HP(O)(OEt)2 6 63.3

4 2 CF3 Bn P(OEt)3 5 58.5

5 1 CF3 PMP CH3P(O)(OEt)2 7 83.5

a Isolated yield.
reaction product in excellent yield (Scheme 1). In spite of the
presence of strong electron-withdrawing trifluoromethyl substit-
uent, deprotection of 4 and 7 was effectively realized by treatment
with excess of cerium ammonium nitrate (CAN) in a mixture of
acetonitrile and water at room temperature giving rise to the N-
dearylated product 8 and 9 in good chemical yield according to the
literature procedure [16]. The structure and purity of the known
products were confirmed by spectroscopic analysis and the new
products were fully characterized.

3. Conclusions

In summary, we have reported that nucleophilic addition of
alkyl phosphites or phosphonate a-carbanions to aldimines
derived from polyfluoroalkyl aldehydes under mild reaction
conditions followed by subsequent deprotection constitutes a
convenient synthetic route leading to fluoroalkyl a- and b-
aminophosphonates. Scope and limitation of this method are
currently under investigation and will be reported in due course.

4. Experimental

NMR spectra were recorded on a Bruker DRX 500 or Varian
Union Plus 400 spectrometers using TMS (1H) and CFCl3 (19F) as an
internal standards and H3PO4 (31P) as an external standard.
Chemical shifts (d) are reported in ppm. IR spectra were recorded
on Bruker Fourier-transform spectrometer VERTEX 70. Melting
points are uncorrected. Analytical TLCs were performed with
Merck silica gel 60 F254 plates. Visualization was accomplished by
ultraviolet light (254 nm). Flash chromatography was carried out
using Merck silica gel 60.

The starting N-substituted fluoroalkyl aldimines 1–3 were
prepared according to known procedures in 60–80% yields by
heating a toluene solution of hemiacetal or hydrate of corre-
sponding fluoroalkyl aldehydes with amines in the presence of
catalytic amount of p-toluenesulfonic acid in a Dean-Stark
apparatus [17].

4.1. N-Substituted diethyl a-fluoroalkyl a-aminophosphonates 4–6;

general procedure

To a solution of corresponding N-substituted imine of
fluoroalkyl aldehyde (4.92 mmol) in dichloromethane (10 mL)
were added alkyl phosphite (9.84 mmol) and BF3�Et2O (0.62 mL,
4.92 mmol) at 0 8C. After being stirred at the room temperature for
24 h, the reaction mixture was poured into a saturated aqueous
solution of NaHCO3 (5 mL). The aqueous layer was extracted with
dichloromethane (2 � 5 mL), and the combined organic extracts
were washed with brine, dried over Na2SO4 and concentrated
under reduced pressure.
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4.1.1. Diethyl 2,2,2-trifluoro-1-(4-methoxyphenylamino)-

ethylphosphonate (4)

Purification by flash chromatography, eluent hexane–ether
1:1, followed by recrystallization from hexane gave 4 in 55.4% as
white solid, mp 72–73 8C. Spectral properties are in agreement
with those reported in the literature [16]. IR (CH2Cl2): n 3412,
3058, 2986, 2837, 1515, 1243, 1173, 1114, 1024, 979 cm�1; 1H
NMR (500 MHz, CDCl3): d 1.27 (t, J 7.0 Hz, 3H), 1.33 (t, J 7.0 Hz, 3H),
3.75 (s, 3H), 4.00–4.03 (m, 1H), 4.11–4.23 (m, 5H), 6.69 (d, J 8.2 Hz,
2H), 6.80 (d, J 8.2 Hz, 2H); 19F NMR (376 MHz, CDCl3): d �69.78
(m); 31P {1H} NMR (202 MHz, CDCl3): d 19.57 (q, J 8,6 Hz).

4.1.2. Diethyl 1-benzylamino-2,2,2-trifluoroethylphosphonate (5)

Purification by flash chromatography, eluent hexane–ether
1:1, gave 5 as colorless oil in 86.3% yield using diethyl phosphite or
58.5% using triethyl phosphite. IR (CH2Cl2): n 3365, 3001, 1455,
1257, 1168, 1114, 1051, 1026, 977 cm�1; 1H NMR (400 MHz,
CDCl3): d 1.34 (t, J 7.1 Hz, 3H), 1.35 (t, J 7.1 Hz, 3H), 2.07 (br. s, 1H),
3.43 (dd, J 21.0 and 8.4 Hz, 1H), 3.99 (d, J 13.1 Hz, 1H), 4.09 (d, J

13.1 Hz, 1H), 4.12–4.22 (m, 4H), 7.28–7.35 (m, 5H); 19F NMR
(470 MHz, CDCl3): d �68.32 (dd, J 9.4 and 8.4 Hz); 31P {1H} NMR
(202 MHz, CDCl3): d 21.12 (q, J 9.4 Hz). Calcd. for C13H19F3NO3P:
C, 48.00; H, 5.89; N, 4.31; P 9.52. Found: C, 48.26; H, 5.93; N, 4.54;
P, 9.47.

4.1.3. Diethyl 1-benzylamino-2,2,3,3,4,4,5,5,6,6,7,7-dodeca-

fluoroheptylphosphonate (6)

Purification by flash chromatography, eluent hexane–ethyl-
acetate 2:1, gave 63.3% of 6 as colorless oil. IR (CH2Cl2): n 3357,
2985, 2910, 1454, 1203, 1142, 1050, 1024, 975 cm�1; 1H NMR
(500 MHz, CDCl3): d 1.39 (m, 6H), 1.84 (br. s, 1H), 3.67–3.75 (m,
1H), 3.93 (d, J 11.0 Hz, 1H), 4.12 (d, J 11.0 Hz, 1H), 4.24 (m, 4H),
6.07 (t, J 52.4 Hz, 1H), 7.29–7.36 (m, 5H); 19F NMR (470 MHz,
CDCl3): d �110.50 (d, J 285.0 Hz, 1F), �116.70 (d, J 285.0 Hz, 1F),
�119.61 (d, J 296. 9 Hz, 1F), �121.20 (d, J 296.9 Hz, 1F), �121.56
(d, J 302.1 Hz, 1F), �123.08 (d, J 302.4 Hz, 1F), �123.24 (d, J

302.1 Hz, 1F), �124.68 (d, J 302.4 Hz, 1F), �130.14 (s, 2F), �136.95
(dd, J 309.7 and 52.4 Hz, 2F), �138.19 (dd, J 309.7 and 52.4 Hz, 1F);
31P {1H} NMR (202 MHz, CDCl3): d 18.62 (s). Calcd. for
C18H20F12NO3P: C, 38.79; H, 3.62; N, 2.51; P 5.56. Found: C,
38.81; H, 3.65; N, 2.63; P, 5.51.

4.2. Diethyl 3,3,3-trifluoro-2-(4-methoxyphenylamino)-

propylphosphonate (7)

To a solution of diethyl methylphosphonate (1.85 g,
12.14 mmol) in THF (25 mL), stirring at �78 8C, was added
1.6 M n-BuLi (7.6 mL, 12.14 mmol) dropwise. After stirring for
50 min at �78 8C the solution was transferred via cannula into a
solution of the imine 1 (1.64 g, 8.09 mmol) in THF (5 mL) at
�78 8C. Stirring was continued at �78 8C for additional 1 h
before the reaction was quenched by the dropwise addition of
aqueous NH4Cl (15 mL). The layers were separated and the
aqueous layer was extracted with Et2O (3 � 15 mL). The organic
layers were combined and washed with brine (10 mL), dried
over Na2SO4 and concentrated under reduced pressure. Recrys-
tallization from hexane gave 2.4 g (83.5%) of 7 as a colorless
solid, mp 127–128 8C. IR (CH2Cl2): n 2985, 1516, 1239, 1170,
1127, 1029, 972 cm�1; 1H NMR (500 MHz, CDCl3): d 1.19 (t, J

7.2 Hz, 3H), 1.26 (t, J 7.2 Hz, 3H), 2.10 (ddd, J 17.5, 15.6 and
11.3 Hz, 1H), 2.26 (ddd, J 20.2, 15.6 and 2.8 Hz, 1H), 3.75 (s, 4H),
3.96–4.09 (m, 4H), 4.15 (m, 1H), 6.72 (d, J 8.2 Hz, 2H), 6.78 (d, J

8.2 Hz, 2H); 19F NMR (470 MHz, CDCl3): d �77.52 (d, J 6.4 Hz);
31P {1H} NMR (202 MHz, CDCl3): d 30.57 (s). Calcd. for
C14H21F3NO4P: C, 47.33; H, 5.96; N, 3.94; P 8.72. Found: C,
47.59; H, 6.28; N, 4.14; P, 9.07.
4.3. Diethyl 1-amino-2,2,2-trifluoroethylphosphonate (8)

To solution of diethyl 1-benzylamino-2,2,2-trifluoroethylpho-
sphonate 5 (700 mg, 2.15 mmol) in absolute ethanol (19 mL) was
added 20% palladium hydroxide on carbon (450 mg). The reaction
mixture was stirred under hydrogen (1 atm) at room temperature
for 1 h and then was filtered through Celite, washed with ethanol
(3 � 10 mL) and concentrated under reduced pressure. Purification
by flash chromatography, eluent ether-ethyl acetate 2:1, gave
410 mg (81.0%) of 8 as colorless oil. Spectral properties are in
agreement with those reported in the literature [16,18]. IR
(CH2Cl2): 3416, 3004, 1263, 1183, 1118, 1053, 1026, 978 cm�1;
1H NMR (500 MHz, CDCl3): d 1.37 (t, J 7.0 Hz, 6H), 1.73 (s, 2H), 3.56
(dq, J 19.4 and 8.4 Hz, 1H), 4.21–4.26 (m, 4H); 19F NMR (470 MHz,
CDCl3): d �72.03 (dd, J 8.4 and 7.7 Hz); 31P {1H} NMR (202 MHz,
CDCl3): d 21. 13 (q, J 7.7 Hz).

4.4. Diethyl 2-amino-3,3,3-trifluoropropylphosphonate (9)

To a stirred solution of diethyl 3,3,3-trifluoro-2-(4-methox-
yphenylamino)propylphosphonate 7 (1.51 g, 4.25 mmol) in CH3CN
(110 mL) and H2O (50 mL) at 0 8C, CAN (14.0 g, 25.50 mmol) was
added in one portion. Then the resulting solution stirred at room
temperature for 18 h, and quenched with saturated aqueous
NaHCO3 solution (75 mL). The aqueous layer was extracted with
CH2CI2 (2 � 50 mL) and the combined organic layer was washed
with 5% aqueous Na2SO3 solution (50 mL), dried over anhydrous
Na2SO4, and concentrated under vacuum. The resultant crude
residue was purified by recrystallization from hexane to obtain
0.73 g (68.9%) of 9 as a white solid, mp 51–52 8C. Spectral
properties are in agreement with those reported in the literature
[8f]. IR (CH2Cl2): n 3683, 3411, 2985, 1252, 1169, 1124, 1055, 1027,
967 cm�1; 1H NMR (500 MHz, CDCl3): d 1.35 (t, J 7.1 Hz, 3H), 1.36
(t, J 7.1 Hz, 3H), 1.71 (s, 2H), 1.89 (ddd, J 17,1, 15.4 and 11.4 Hz, 1H),
2.15 (ddd, J 21.1, 15.4 and 2.0 Hz, 1H), 3.60–3.73 (m, 1H), 4.09–4.22
(m, 4H); 19F NMR (470 MHz, CDCl3): d �80.38 (d, J 6.6 Hz); 31P {1H}
NMR (202 MHz, CDCl3): d 27.6 (s).

Acknowledgment

This work was supported by Deutsche Forschungsgemeinschaft
(Grant 436 UKR 113/92/0-1).

References

[1] (a) P. Kafarski, B. Lejczak, Phosphorus Sulfur Silicon 63 (1991) 193–215;
(b) V.P. Kukhar, V.A. Soloshonok, V.A. Solodenko, Phosphorus Sulfur Silicon 92
(1994) 239–264;
(c) V.A. Soloshonok, Y.N. Belokon, N.A. Kuzmina, V.I. Maleev, N.Y. Svistunova, V.A.
Solodenko, V.P. Kukhar, J. Chem. Soc. Perkin Trans. 1 (1992) 1525–1529;
(d) H. Seto, T. Kuzuyama, Nat. Prod. Rep. 16 (1999) 589–596.

[2] (a) G.F. Makhaeva, A.Y. Aksinenko, V.B. Sokolov, I.I. Baskin, V.A. Palyulin, N.S.
Zefirov, N.D. Hein, J.W. Kampf, S.J. Wijeyesakere, R.J. Richardson, Chem. Biol.
Interact. 187 (2010) 177–184;
(b) G.A. Flynn, D.W. Beight, E.H.W. Bohme, B.W. Metcalf, Tetrahedron Lett. 26
(1985) 285–288;
(c) N.A. Dmitrieva, O.K. Molchan, A.A. Komissarov, V.B. Sokolov, A.Y. Aksinenko,
A.N. Pushin, A.N. Chekhlov, V.G. Debabov, Bioorg. Khim. 24 (1998) 920–925,
Chem. Abstr. 131 (1999) 84716.

[3] V.P. Kukhar, H.R. Hudson (Eds.), Aminophosphonic and Aminophosphinic Acids—
Chemistry and Biological Activity, John Wiley & Sons, Chichester, 2000.

[4] (a) V.A. Soloshonok, Angew. Chem. Int. Ed. 45 (2006) 766–769;
(b) V.A. Soloshonok, D.O. Berbasov, J. Fluorine Chem. 127 (2006) 597–603;
(c) V.A. Soloshonok, D.O. Berbasov, Chim. Oggi/Chem. Today 24 (2006) 44–47;
(d) J. Han, D.J. Nelson, A.E. Sorochinsky, V.A. Soloshonok, Curr. Org. Synth. 8
(2011) 310–317.

[5] (a) V.A. Soloshonok, H. Ueki, M. Yasumoto, S. Mekala, J.S. Hirschi, D.A. Singleton, J.
Am. Chem. Soc. 129 (2007) 12112–12113;
(b) M. Yasumoto, H. Ueki, T. Ono, T. Katagiri, V.A. Soloshonok, J. Fluorine Chem.
131 (2010) 535–539;
(c) H. Ueki, M. Yasumoto, V.A. Soloshonok, Tetrahedron: Asymmetry 21 (2010)
1396–1400;
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