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Synthesis of Quinolinylphosphane Oxides and -phosphonates from
N-Arylimines Derived from Phosphane Oxides and Phosphonates
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Quinolinylphosphane oxides are obtained by thermal treat-
ment of N-arylimines derived from phosphane oxides with
dimethylformamide diethyl acetal (DMF-DEA). An interme-
diate N-aryl-1-azadiene was isolated and cyclization thereof
leads to phosphorylated quinolines. In a similar manner,

Introduction

Quinolines are widely used intermediates for functional
transformations.[1,2] Simple quinolines are common units in
a wide variety of natural products possessing biological ac-
tivity,[3] and they are constituents of alkaloids or of antibi-
otics with remarkable cytotoxic and antitumor properties.[4]

Furthermore, it is known that molecular modifications in-
volving the introduction of organophosphorus functionali-
ties could increase their biological activity.[5] For these
reasons, the development of new methods for synthesis of
these substrates has been an active research area in recent
years.

In the case of phosphorylated quinolines, very few ex-
amples of the synthesis of these compounds have been re-
ported. As far as we know, only the synthesis of 4-hydroxy-
[6] and 4-aminoquinolinylphosphonates,[7] and very recently
the preparation of biomimetic NADH models bearing a
phosphonate or an oxazaphospholodine oxide, have been
described.[8] We are interested in the design of new nitrogen-
containing acyclic and cyclic derivatives bearing a phos-
phane oxide or a phosphonate moiety. In this context, we
have previously described the synthesis of three-,[9] five-[10]

and six-membered[11] phosphorus-substituted nitrogen het-
erocycles from enamines[12] and imines derived from phos-
phazenes, phosphane oxides or phosphonates. Continuing
with our interest in the chemistry of new phosphorus-sub-
stituted compounds, we report here an easy and regioselec-
tive synthesis of quinolinylphosphane oxides (I, R � Ph)
and -phosphonates (I, R � OEt) from dimethylformamide
diethyl acetal (DMF-DEA, IV) and phosphorylated N-aryl-
imines (III, Scheme 1, route 1), or from their precursors
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quinolinylphosphonates are obtained by reaction of N-aryl-
imines derived from phosphonates with DMF-DEA.

( Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2002)

(Scheme 1, Route 2) such as DMF-DEA (IV), arylamines
(V) and phosphorylated carbonyl derivatives (VI).

Scheme 1

Results and Discussion

The required N-arylimines derived from phosphane ox-
ides 1[13] were easily prepared by addition of arylamines 2
to allenes,[14] or by condensation reaction of arylamines 2
with α-carbonylphosphane oxides 3 (R1 � H, CH3).[7a]

Thermal treatment of 2-(N-p-tolylimino)propylphosphane
oxide 1a[15] with dimethylformamide diethyl acetal (DMF-
DEA) in toluene at 90 °C (24 h) gave a moderate yield
(42%) of a mixture of N-aryl-1-azadiene 4a (80%) (R1 �
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R2 � CH3, R3 � H) and quinolinylphosphane oxide 5a
(20%) (R1 � R2 � CH3, R3 � H, Scheme 2). Compounds
4a and 5a were separated by flash chromatography and
characterized on the basis of their spectroscopic data. Thus,
the 31P NMR spectrum of compound 4a showed an absorp-
tion at δP � 32.3 ppm and the 1H and 13C NMR spectra
gave well-resolved doublets for the olefinic proton at δH �
7.76 ppm (3JPH � 15.1 Hz) and at δC � 100.3 ppm with a
coupling constant of 1JPC � 111.8 Hz for the carbon atom
directly bonded to the phosphane oxide group of com-
pound 4a. Likewise, the 31P NMR of compound 5a showed
an absorption at δP � 30.3 ppm, while the 1H NMR
showed a doublet for the aromatic proton in position 4 of
the quinoline ring system (δH � 7.72 ppm, 3JPH � 15.1 Hz)
and 13C NMR gave three well-resolved doublets at δC �
158.6 ppm (2JPC � 9.6 Hz), δC � 125.1 (1JPC � 86.6 Hz)
and at δC � 142.1 ppm (2JPC � 11.8 Hz) for C-2, C-3 and
C-4 of the quinoline 5a. The formation of N-arylazadiene
4a can be explained by a condensation reaction of imine 1a
with DMF-DEA followed by the loss of ethanol
(Scheme 2). 6π-Azaelectrocyclization of this azadiene 4a
with the loss of dimethylamine could explain the formation
of quinoline 5a, in a similar way to that reported for azapo-
lyenes.[7c,16] In order to test whether N-arylazadiene 4a is

Scheme 2

Table 1. Quinolines obtained

Entry Compound R1 R2 R3 Yield [%][a] M.p. [°C] Procedure

1 5a Me Me H 92 (90) 237�238 A[b] (C)[c]

2 5b Me OMe H 85[d] 165�166 A[b]

3 5c Me Cl H 72 212�213 A[b]

4 5d Me H CF3 86[d] 176�177 A[b]

5 5e Me Me Me 89 175�176 A[b]

6 5f Et Me H 91 211�212 A[b]

7 5g H OMe H 75 181�182 B[e]

8 8a H H H 68 oil B[e]

9 8b Me Me H 75 oil C[c]

10 8c Me OMe OMe 82 137�138 C[c]

11 8d Me H H 72 oil C[c]

12 9 Me OMe OMe 95 278�280[f]

[a] Yield after purification by flash chromatography. [b] From imines 1 and DMF-DEA in toluene (110 °C). [c] ‘‘One pot’’ from oxo
phosphonates or oxo phosphane oxides. [d] Yield from crude imines. [e] From imine 1g or 6a and DMF-DEA without solvent (130 °C).
[f] (Decomp.).
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the precursor of quinoline 5a, functionalized imine 4a was
heated at 110 °C in toluene leading to the formation of
quinoline 5a in very high yield (� 95%). As far as we know,
this strategy leads to the first example of simple quinolines
5 containing a phosphane oxide group in position 3 of the
ring system.

With these results we tried to explore whether quinolinyl-
phosphane oxides 5 could be obtained from N-arylimines
1. Thus, thermal treatment of N-arylimines 1 with DMF-
DEA in refluxing toluene (48 h) gave quinolinylphosphane
oxides 5 in a regioselective fashion[17] and in excellent yields
(Scheme 2, Table 1, Entries 1�7). The scope of the reaction
was not limited to 2-alkyl-substituted (R1 � CH3, C2H5)
quinolines 5a�5f (Table 1 Entries 1�6), given that 2-unsub-
stituted quinoline 5g (R1 � H) (Table 1 Entry 7) could also
be obtained. In addition, the aromatic ring (positions 6 and
7) may have electron-donating (Table 1, Entries 1, 2, 5, 6,
7), and electron-withdrawing substituents (Table 1, Entries
3, 4). From a preparative point of view, it is of interest that
the synthesis of quinolinylphosphane oxide 5a does not re-
quire the isolation and purification of the imine 1a and the
former can be obtained in ‘‘one pot’’ from p-tolylamine 2
(R2 � CH3, R3 � H) and 2-oxopropyldiphenylphosphane
oxide 3 (R1 � CH3) by means of ‘‘in situ’’ formation of
the imine 1a, followed by thermal heating with DMF-DEA
(Table 1, Entry 1).

This methodology, used for the preparation of quinolinyl-
phosphane oxides 5, can also be extended to the synthesis
of quinolines containing a phosphonate group in position
3. Reaction of N-arylimine derived from phosphonate 6a
(R1 � R2 � R3 � H), easily prepared by condensation reac-
tion of aniline 2 (R2 � R3 � H), with α-carbonylphosphon-
ates 7 (R1 � H),[7a] with DMF-DEA at 130 °C (48 h) with-
out solvent gave quinolinylphosphonate 8a (R1 � R2 �
R3 � H) in a good yield (Scheme 3, Table 1, Entry 8). Com-
pound 8a was characterized by its spectroscopic data. Thus,
the 31P NMR spectrum of compound 8a showed a reson-
ance at δP � 16.7 ppm, while the 1H NMR spectrum
showed well-resolved doublets for the aromatic protons of
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positions 2 and 4 (δH � 8.95 ppm, 3JPH � 14.9 Hz and
δH � 8.79 ppm, 3JPH � 16.0 Hz) of quinoline 8a. It is note-
worthy that quinolinylphosphonates 8 can also be directly
obtained from arylamines 2 and diethyl 2-oxoalkylphos-
phonates 7 (R1 � H, CH3) by ‘‘in situ’’ formation of the
imines derived from phosphonates 6, followed by thermal
heating with DMF-DEA (Scheme 3, Table 1, Entries
9�11). Taking into account the interest of aminophos-
phonic acid derivatives,[5] the ester cleavage of phosphonate
was explored. Quinolinylphosphonate 8c underwent ester
cleavage with 20% aqueous hydrochloric acid to give
quinolinylphosphonic acid 9 in excellent yield (Scheme 3,
Table 1, Entry 12).

Scheme 3

In conclusion, the synthesis described in this paper pro-
vides an efficient and easy access to quinolines substituted
with a phosphane oxide or a phosphonate group in position
3, making use of readily available starting materials. These
quinolines can be prepared in a stepwise fashion or in a
‘‘one pot’’ reaction from arylamines, phosphorylated car-
bonyl compounds and dimethylformamide diethyl acetal.
Functionalized quinolines are important synthons in or-
ganic synthesis and for the preparation of biologically act-
ive compounds with interest in medicinal chemistry.[1�4]

Experimental Section

General: Chemicals were purchased from Aldrich Chemical Com-
pany. Solvents for extraction and chromatography were of technical
grade. All solvents used in the reactions were freshly distilled from
appropriate drying agents before use. All other reagents were
recrystallized or distilled as necessary. All reactions were performed
under dry nitrogen. Analytical TLC was performed on Merck silica
gel 60 F254 plates. Visualization was accomplished by UV light.
Flash chromatography was carried out using Merck silica gel 60
(230�400 mesh ASTM). Melting points were determined with an
Electrothermal IA9100 Digital Melting Point Apparatus and are
uncorrected. 1H (300 MHz), 13C (75 MHz) and 31P NMR
(120 MHz) spectra were recorded with a Varian VXR 300 MHz
spectrometer using CDCl3 or CD3OD solutions with TMS as an
internal reference (δ � 0.00 ppm) for 1H and 13C NMR spectra
and phosphoric acid (85%) (δ � 0.0 ppm) for 31P NMR spectra.
Chemical shifts (δ) are reported in ppm. Coupling constants (J) are
reported in Hz. Low-resolution mass spectra (MS) were obtained
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at 50�70 eV by electron impact (EIMS) with a Hewlett Packard
5971 or 5973 spectrometer and by chemical ionization (CI) (N2)
with a Hewlett Packard 1100MSD. Data are reported in the form
m/z (intensity relative to base � 100). Infrared spectra (IR) were
taken with a Nicolet IRFT Magna 550 spectrometer, and were ob-
tained from solids in KBr or from neat oils. Peaks are reported in
cm�1. Elemental analyses were performed with a LECO CHNS-
932 apparatus. Imines 1a,b,f,[14] 1g[7a] and 6a[7a] were synthesized
according to literature procedures.

Synthesis of Imines 1c�e

{2-[(p-Chlorophenyl)imino]propyl}diphenylphosphane Oxide (1c):
The literature procedure[14] was applied using diphenyl(1,2-propad-
ienyl)phosphane oxide (1.20 g, 5 mmol) and 4-chloroaniline (0.64 g,
5 mmol), affording 1c (1.41 g,77%) as a white solid. M.p. 212�213
°C. 1H NMR: δ � 7.82�7.38 (m, 10 H), 7.09 and 7.01 (d, 3JH,H �

8.7 Hz and 3JH,H � 8.7 Hz, 2 H), 6.52 and 6.18 (d, 3JH,H � 8.7 Hz
and 3JH,H � 8.7 Hz, 2 H), 3.53 and 3.51 (d, 2JPH � 14.8 Hz and
2JPH � 14.5 Hz, 2 H), 2.26 and 1.91 (s, 3 H) ppm. 13C NMR: δ �

165.7 and 163.1, 148.7 and 141.3, 131.9�115.8 (m), 47.7 and 44.7
(d, 1JPC � 56.4 Hz and 1JPC � 61.0 Hz), 22.1 and 21.5.31P NMR:
δ � 29.2 and 26.5 ppm. IR (KBr): ν̃ � 3170, 1696, 1617 cm�1. MS:
m/z (%) � 201 (100), 367 (65) [M�]. C21H19ClNOP (367): calcd. C
76.43, H 6.69, N 3.88; found C 76.37, H 6.72, N 3.85.

Diphenyl{2-[(m-trifluoromethylphenyl)imino]propyl}phosphane Ox-
ide (1d): The literature procedure[14] was applied using diphenyl(1,2-
propadienyl)phosphane oxide (1.20 g, 5 mmol) and 3-(trifluorome-
thyl)aniline (0.63 mL, 5 mmol), affording crude 1d (1.70 g, 85%) as
an orange solid. Purification of this compound was not possible
and was used without purification in the following steps. 1H NMR:
δ � 7.80�7.37 (m, 14 H), 3.46 and 3.40 (d, 2JPH � 14.7 Hz and
2JPH � 14.5 Hz, 2 H), 2.25 and 1.89 (s, 3 H) ppm. 13C NMR: δ �

164.7 and 162.4, 129.9�115.5 (m), 46.3 and 44.4 (d, 1JPC � 56.0 Hz
and 1JPC � 61.2 Hz), 22.0 and 21.2.31P NMR: δ � 29.1 and
26.3 ppm. IR (KBr): ν̃ � 3182, 1690, 1610 cm�1. MS: m/z (%) �

401 (100) [M� � 1].

{2-[(3,4-Dimethylphenyl)imino]propyl}diphenylphosphane Oxide (1e)
and (Z)- and (E)-{2-[(3,4-Dimethylphenyl)amino]-1-propenyl}-
diphenylphosphane Oxide (1e�): The literature procedure[14] was ap-
plied using diphenyl(1,2-propadienyl)phosphane oxide (1.20 g,
5 mmol) and 3,4-dimethylaniline (0.61 g, 5 mmol), affording a mix-
ture of imine 1e (1.52, 82%) and isomeric enamines 1e� [1e/1e�(E)/
1e�(Z) � 90:5:5] as a white solid. M.p. 127�130 °C. 1H NMR: 1e:
δ � 7.83�6.45 (m, 14 H), 3.53 (d, 2JPH � 14.8, 2 H), 2.67 (s, 3 H),
2.11 (s, 3 H), 2.08 (s, 3 H). 1e�: δ � 7.45�6.83 (m, 14 H), 4.78 and
4.18 (d, 2JPH � 17.3 Hz and 2JPH � 21.9 Hz, 1 H), 3.65 (s, 1 H),
2.13 (s, 3 H), 1.91 (s, 3 H), 1.90 (s, 3 H) ppm. 13C NMR: 1e: δ �

164.7, 148.0�112.6 (m), 45.1 (d, 1JPC � 61.4 Hz), 21.5, 19.7, 19.0.
1e�: 160.1, 148.0�112.6 (m), 81.0 and 78.6 (d, 1JPC � 130.2 Hz and
1JPC � 114.6 Hz), 28.7, 25.9 and 22.4 (d, 3JPC � 5.0 Hz and 3JPC �

14.9 Hz), 18.7 ppm. 31P NMR: 1e: δ � 29.3 ppm. 1e�: δ � 30.1
and 26.2 ppm. IR (KBr): ν̃ � 3170, 3046, 1588.cm�1. MS: m/z
(%) � 201 (100), 361 (53) [M�]. C23H24NOP (361): calcd. C 76.43,
H 6.69, N 3.88; found C 76.48, H 6.72, N 3.91.

Procedure for the Isolation of the 1-Azadiene 4a: A solution of a
mixture of diphenyl[2-(p-tolylimino)propyl]phosphane oxide (85%)
and diphenyl[2-(p-tolylamino)-1-propenyl]phosphane oxide (15%)
(1.74 g, 5 mmol), and N,N-dimethylformamide diethyl acetal
(DMF-DEA) (1.03 mL, 6 mmol) in toluene was stirred at 90 °C for
24 h. The mixture was concentrated under vacuum and the crude
residue was purified by flash column chromatography eluting with
MeOH/EtOAc (5:95).
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[1-(Dimethylaminomethylidene)-2-(p-tolylimino)propyl]diphenyl-
phosphane Oxide (4a): The procedure was applied, affording 4a
(0.68 g, 34%) as a pale yellow oil. Rf (EtOAc/Me OH, 95:5) � 0.06.
1H NMR: δ � 7.89�7.82 (m, 4 H), 7.43�7.32 (m, 6 H), 6.91 (d,
3JH,H � 7.9 Hz, 2 H), 7.76 (d, 3JPH � 15.1 Hz, 1 H), 6.12 (d,
3JH,H � 7.9 Hz, 2 H), 2.91 (s, 6 H), 2.18 (s, 3 H), 1.70 (s, 3 H) ppm.
13C NMR: δ � 167.2 (d, 2JPC � 9.6 Hz), 152.4 (d, 2JPC � 18.6 Hz),
148.4, 134.9�127.9 (m), 119.0, 100.3 (d, 1JPC � 111.8 Hz), 43.7,
20.7, 10.9 ppm. 31P NMR: δ � 32.3 ppm. IR (film): ν̃ � 2919, 1593
cm�1. MS: m/z (%) � 402 (100) [M� � 1]. C25H27N2OP (401):
calcd. C 74.61, H 6.76, N 6.96; found C 74.68, H 6.80, N 6.91.

General Procedure for the Synthesis of Quinolines Derived from Pho-
sphane Oxides 5 and Phosphonates 8

Procedure A: A solution of aromatic imine 1 (5 mmol) and N,N-
dimethylformamide diethyl acetal (DMF-DEA) (1.03 mL, 6 mmol)
in toluene was stirred under reflux until TLC indicated the disap-
pearance of imine 1 (2�3 d). The mixture was concentrated under
vacuum and the crude residue was purified by flash column chro-
matography eluting with EtOAc/hexane.

Procedure B: A solution of aromatic imine 1g or 6a (5 mmol) and
N,N-dimethylformamide diethyl acetal (DMF-DEA) (6 mL) was
stirred at 130 °C until TLC indicated the disappearance of imines
1 (2�3 d). The mixture was concentrated under vacuum and the
crude residue was purified by flash column chromatography eluting
with EtOAc/hexane.

Procedure C: A solution of (2-oxopropyl)diphenylphosphane oxide
3 (R1 � CH3) (1.55 g, 5 mmol) or diethyl 2-oxopropylphosphonate
7 (R1 � CH3) (0.97 g, 5 mmol) and aromatic amines 2 (5 mmol) in
toluene (15 mL) was stirred under reflux in a Dean�Stark appar-
atus. After 3 h, the reaction mixture was cooled to room temp.
and N,N-dimethylformamide diethyl acetal (DMF-DEA) (1.03 mL,
6 mmol) was added. The mixture was stirred under reflux until the
completion of the reaction (2�3 d). The mixture was then concen-
trated under vacuum and the crude residue was purified by flash
column chromatography eluting with EtOAc/hexane.

(2,6-Dimethylquinolin-3-yl)diphenylphosphane Oxide (5a): A solu-
tion of [1-(dimethylaminomethylidene)-2-(p-tolylimino)propyl]di-
phenylphosphane Oxide (4a) (0.40 g, 1 mmol) in toluene (3 mL)
was stirred under reflux until TLC indicated the disappearance of
4a (36 h). The solution was then concentrated under vacuum and
the crude residue was purified by flash column chromatography
eluting with EtOAc, affording 5a (0.34 g, 96%) as a pale yellow
solid. This compound can also be prepared, according to Procedure
A, using a mixture of diphenyl[2-(p-tolylimino)propyl]phosphane
oxide and diphenyl[2-(p-tolylamino)-1-propenyl]phosphane oxide
(1.74 g, 5 mmol) or applying Procedure C, using (2-oxopropyl)di-
phenylphosphane oxide (1.55 g, 5 mmol) and p-toluidine (0.54 g,
5 mmol), affording 5a (1.64 g, 92%, Procedure A) or (1.60 g,90%,
Procedure C) as a pale yellow solid. M.p. 237�238 °C. 1H NMR:
δ � 7.86 (d, 3JH,H � 8.6 Hz, 1 H), 7.72 (d, 3JPH � 15.1 Hz, 1 H),
7.67�7.33 (m, 12 H), 2.71 (s, 3 H), 2.40 (s, 3 H) ppm. 13C NMR:
δ � 158.6 (d, 2JPC � 9.6 Hz), 146.8, 142.1 (d, 2JPC � 11.8 Hz),
136.1, 133.6, 131.8, 132.1�128.3 (m), 127.7, 126.8, 125.1 (d, 1JPC �

86.6 Hz), 124.4, 25.3, 23.9 ppm. 31P NMR: δ � 30.3 ppm. IR
(KBr): ν̃ � 3124, 1580, 1401 cm�1. MS: m/z (%) � 356 (100), 357
(62) [M�]. C23H20NOP (357): calcd. C 77.30, H 5.64, N 3.92; found
C 77.24, H 5.60, N 3.88.

(6-Methoxy-2-methylquinolin-3-yl)diphenylphosphane Oxide (5b):
Procedure A was applied using crude [2-(p-methoxyphenylimino)-
propyl]diphenylphosphane oxide (1.82 g, 5 mmol), affording 5b
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(1.58 g, 85%) as a pale yellow solid. M.p. 165�166 °C. 1H NMR:
δ � 7.88 (d, 3JH,H � 8.9 Hz, 1 H), 7.72 (d, 3JPH � 15.4 Hz, 1 H),
7.67�7.34 (m, 11 H), 6.81, (s, 1 H), 3.80 (s, 3 H), 2.67 (s, 3 H)
ppm. 13C NMR: δ � 157.4, 157.0 (d, 2JPC � 9.6 Hz), 144.3, 141.4
(d, 2JPC � 11.6 Hz), 132.1�128.4 (m), 130.7, 125.5, 125.4 (d,
1JPC � 99.7 Hz), 124.1, 105.4, 55.2, 25.1 ppm. 31P NMR: δ �

30.5 ppm. IR (KBr): ν̃ � 3224, 1619, 1599 cm�1. MS: m/z (%) �

201 (100), 373 (64) [M�]. C23H20NO2P (373): calcd. C 73.98, H
5.40, N 3.75; found C 74.04, H 5.37, N 3.79.

(6-Chloro-2-methylquinolin-3-yl)diphenylphosphane Oxide (5c): Pro-
cedure A was applied using [2-(p-chlorophenylimino)propyl]di-
phenylphosphane oxide (1.84 g, 5 mmol), affording 5c (1.36 g, 72%)
as a pale yellow solid. M.p. 212�213 °C. 1H NMR: δ � 7.92 (d,
3JH,H � 9.0 Hz, 1 H), 7.70 (d, 3JPH � 15.0 Hz, 1 H), 7.66�7.42
(m, 12 H), 2.71 (s, 3 H) ppm. 13C NMR: δ � 160.4 (d, 2JPC �

9.6 Hz), 146.8, 141.9 (d, 2JPC � 11.1 Hz), 132.3, 132.1�128.7 (m),
130.5, 126.8, 125.8 (d, 1JPC � 98.2 Hz), 125.5, 125.3, 25.7 ppm. 31P
NMR: δ � 30.1 ppm. IR (KBr): ν̃ � 3118, 1626, 1573, 1394 cm�1.
MS: m/z (%) � 201 (100), 377 (63) [M�]. C22H17ClNOP (377):
calcd. C 69.94, H 4.54, N 3.71; found C 70.03, H 4.58, N 3.67.

(2-Methyl-7-trifluoromethylquinolin-3-yl)diphenylphosphane Oxide
(5d): Procedure A was applied using {2-[m-(trifluoromethyl)-
phenylimino]propyl}diphenylphosphane oxide (2.01 g, 5 mmol), af-
fording 5d (1.77 g, 86%) as a pale yellow solid. M.p. 176�177 °C.
1H NMR: δ � 8.22 (s, 1 H), 7.79 (d, 3JPH � 15.0 Hz, 1 H), 7.64
(d, 3JH,H � 8.6 Hz, 1 H), 7.69�7.38 (m, 11 H), 2.67 (s, 3 H) ppm.
13C NMR: δ � 161.6 (d, 2JPC � 9.1 Hz), 147.4, 142.5 (d, 2JPC �

10.6 Hz), 132.7 (q, 2JFC � 32.7 Hz), 132.3, 131.7�128.7 (m), 130.2,
129.4, 126.1, 126.8 (d, 1JPC � 82.1 Hz), 123.4 (q, 1JFC � 273.0 Hz),
25.7 ppm. 31P NMR: δ � 29.9 ppm. IR (KBr): ν̃ � 3045, 1580
cm�1. MS: m/z (%) � 201 (100), 411 (60) [M�]. C23H17F3NOP
(411): calcd. C 67.15, H 4.17, N 3.41; found C 67.10, H 4.20, N
3.37.

Diphenyl(2,6,7-trimethylquinolin-3-yl)phosphane Oxide (5e): Pro-
cedure A was applied, using {2-[(3,4-dimethylphenyl)imino]-
propyl}diphenylphosphane oxide (1.81 g, 5 mmol), affording 5e
(1.65 g, 89%) as a pale yellow solid. M.p. 175�176 °C. 1H NMR:
δ � 7.64 (d, 3JPH � 16.0 Hz, 1 H), 7.67�7.33 (m, 11 H), 7.12, (s,
1 H), 2.60 (s, 3 H), 2.33 (s, 3 H), 2.24 (s, 3 H) ppm. 13C NMR: δ �

158.7 (d, 2JPC � 9.6 Hz), 147.3, 142.1, 141.8 (d, 2JPC � 11.1 Hz),
133.6, 131.8�128.3 (m), 127.4, 127.2, 124.0 (d, 1JPC � 101.0 Hz),
123.2, 25.3, 20.2, 19.4 ppm. 31P NMR: δ � 30.6 ppm. IR (KBr):
ν̃ � 3051, 2919, 1639, 1580 cm�1. MS: m/z (%) � 201 (100), 371
(67) [M�]. C24H22NOP (371): calcd. C 77.61, H 5.97, N 3.77; found
C 77.55, H 5.93, N 3.81.

(2-Ethyl-6-methylquinolin-3yl)diphenylphosphane Oxide (5f): Pro-
cedure A was applied, using a mixture of diphenyl[2-(p-tolylam-
ino)-1-butenyl]phosphane oxide and diphenyl[2-(p-tolylimino)bu-
tyl]phosphane oxide (1.81 g, 5 mmol), affording 5f (1.69 g, 91%) as
a pale yellow solid. M.p. 211�212 °C. 1H NMR: δ � 7.90 (d,
3JH,H � 8.6 Hz, 1 H), 7.73 (d, 3JPH � 15.1 Hz, 1 H), 7.66�7.39
(m, 11 H), 7.32 (s, 1 H), 3.06 (q, 3JH,H � 7.3 Hz, 2 H) 2.41 (s, 3
H), 1.14 (t, 3JH,H � 8.6 Hz, 3 H) ppm. 13C NMR: δ � 163.5 (d,
2JPC � 9.6 Hz), 147.1, 142.4 (d, 2JPC � 11.6 Hz), 136.1, 133.6,
133.6�128.4 (m), 128.1, 126.9, 124.5 (d, 1JPC � 99.7 Hz), 124.5,
30.8, 21.1, 12.7 ppm. 31P NMR: δ � 30.5 ppm. IR (KBr): ν̃ �

3102, 1580, cm�1. MS: m/z (%) � 201 (100), 371 (74) [M�].
C24H22NOP (371): calcd. C 77.61, H 5.97, N 3.77; found C 77.68,
H 6.01, N 3.75.

(6-Methoxyquinolin-3-yl)diphenylphosphane Oxide (5g): Procedure
B was applied, using [2-(p-methoxyphenylamino)vinyl]diphenyl-
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phosphane oxide (1.75 g, 5 mmol), affording 5g (1.34 g, 75%) as a
white solid. M.p. 181�182 °C. 1H NMR: δ � 8.83 (dd, 2JPH � 4.4,
4JH,H � 2.0 Hz, 1 H), 8.50 (dd, 2JPH � 13.1, 4JH,H � 2.0 Hz, 1 H),
8.03 (d, 3JH,H � 9.3 Hz, 1 H) 7.76�7.45 (m, 11 H), 7.09 (d, 4JH,H �

2.7 Hz, 1 H), 3.91 (s, 3 H) ppm. 13C NMR: δ � 158.4 148.3 (d,
2JPC � 12.1 Hz), 145.3, 140.3 (d, 3JPC � 7.6 Hz), 132.5,
132.3�128.6 (m), 130.7, 128.0, 3126.0 (d, 1JPC � 101.2 Hz), 124.7,
55.6 ppm. 31P NMR: δ � 27.7 ppm. IR (KBr): ν̃ � 3041, 1902,
1605, cm�1. MS: m/z (%) � 201 (100), 359 (40) [M�]. C22H18NO2P
(359): calcd. C 73.53, H 5.05, N 3.90; found C 73.60, H 5.01, N
3.87.

Diethyl Quinolin-3-ylphosphonate (8a): Procedure B was applied,
using diethyl [2-(phenylamino)vinyl]phosphonate (1.28 g, 5 mmol),
affording 8a (0.90 g, 68%) as a colorless oil. Rf (EtOAc) � 0.09.
1H NMR: δ � 8.95 (d, 3JPH � 14.9 Hz, 1 H), 8.79 (d, 3JPH �

16.0 Hz 1 H), 8.00 (d, 3JH,H � 7.8 Hz 1 H), 7.89 (d, 3JH,H � 7.9 Hz,
1 H), 7.43�7.65 (m, 2 H), 4.27�4.08 (m, 4 H), 1.38�1.31 (m, 6 H)
ppm. 13C NMR: δ � 152.6, 147.8 (d, 2JPC � 12.1 Hz), 144.2 (d,
2JPC � 9.3 Hz), 133.0, 129.0, 126.8, 124.6, 122.1 (d, 1JPC �

186.0 Hz), 120.5, 62.3, 62.2, 16.2, 16.1 ppm. 31P NMR: δ �

16.7 ppm. IR (film): ν̃ � 3059, 1877, 1580, cm�1. MS: m/z (%) �

264 (100), 265 (90) [M�]. C13H16NO3P (265): calcd. C 58.87, H
6.08, N 5.28; found C 58.90, H 6.12, N 5.90.

Diethyl (2,6-Dimethylquinolin-3-yl)phosphonate (8b): Procedure C
was applied, using diethyl (2-oxopropyl)phosphonate (0.97 g,
5 mmol) and p-toluidine (0.54 g, 5 mmol), affording 8b (1.10 g,
75%) as a colorless oil. Rf (EtOAc) � 0.47. 1H NMR: δ � 8.65 (d,
3JPH � 16.3 Hz 1 H), 7.86 (d, 3JH,H � 8.0 Hz 1 H), 7.58�7.39 (m,
4 H), 4.24�4.02 (m, 4 H), 2.86 (s, 3 H), 2.46 (s, 3 H), 1.35�1.26
(m, 6 H) ppm. 13C NMR: δ � 157.8 (d, 2JPC � 12.1 Hz), 147.3,
143.5 (d, 2JPC � 9.1 Hz), 136.3, 133.9, 128.1, 127.1, 121.1 (d,
1JPC � 185.3 Hz), 62.3, 62.2, 24.9, 21.2, 16.3, 16.2 ppm. 31P NMR:
δ � 18.8 ppm. IR (film): ν̃ � 3005, 1880, 1599, cm�1. MS: m/z
(%) � 293 (100) [M�]. C15H20NO3P (293): calcd. C 61.43, H 6.87,
N 4.78; found C 61.38, H 6.90, N 4.75.

Diethyl (4,6-Dimethoxy-2-methylquinolin-3-yl)phosphonate (8c):
Procedure C was applied, using diethyl (2-oxopropyl)phosphonate
(0.97 g, 5 mmol)and 3,4-dimethoxyaniline (1.27 g, 5 mmol), af-
fording 8c (1.22 g, 70%) as a white solid. M.p. 137�138 °C. 1H
NMR: δ � 8.62 (d, 3JPH � 15.9 Hz 1 H), 7.37 (s, 1 H), 7.08 (s, 1
H), 4.24�4.08 (m, 4 H), 4.05 (s, 3 H), 4.01 (s, 1 H), 2.87 (s, 3 H),
1.36 (t, 3JH,H � 7.0 Hz, 6 H) ppm. 13C NMR: δ � 156.4 (d, 2JPC �

12.1 Hz), 153.8, 149.2, 145.7, 141.6 (d, 2JPC � 9.6 Hz), 120.0, 118.3
(d, 1JPC � 188.4 Hz), 106.7, 105.1, 61.7, 61.6, 55.6, 55.5, 24.2, 15.8,
15.7 ppm. 31P NMR: δ � 18.7 ppm. IR (KBr): ν̃ � 2985, 1619,
1507, cm�1. MS: m/z (%) � 340 (100) [M� � 1]. C16H22NO5P
(339): calcd. C 56.63, H 6.53, N 4.13; found C 56.65, H 6.49, N
4.15.

Diethyl (2-Methylquinolin-3-yl)phosphonate (8d): Procedure C was
applied, using diethyl (2-oxopropyl)phosphonate (0.97 g, 5 mmol)
and aniline (0.46 mL, 5 mmol), affording 8d (0.99 g, 72%) as a col-
orless oil. Rf (EtOAc) � 0.72. 1H NMR: δ � 8.81 (d, 3JPH �

16.2 Hz 1 H), 8.04 (d, 3JH,H � 7.8 Hz 1 H), 7.87 (d, 3JH,H � 8.1 Hz,
1 H), 7.79 (dd, 3JH,H � 8.1, 3JH,H � 7.0 Hz 1 H), 7.56 (dd, 3JH,H �

7.8, 3JH,H � 7.0 Hz 1 H), 4.30�4.05 (m, 4 H), 2.94 (s, 3 H),
1.39�1.33 (m, 6 H) ppm. 13C NMR: δ � 158.8 (d, 2JPC � 12.1 Hz),
153.1, 144.3 (d, 2JPC � 9.1 Hz), 131.6, 128.7, 126.4, 125.0, 121.1
(d, 1JPC � 185.3 Hz), 120.9, 62.2, 62.1, 25.0, 16.2, 16.1 ppm. 31P
NMR: δ � 17.7 ppm. IR (film): ν̃ � 3041, 1854, 1590, cm�1. MS:
m/z (%) � 278 (100), 279 (95) [M�]. C14H18NO3P (279): calcd. C
60.21, H 6.50, N 5.02; found C 60.16, H 6.51, N 4.99.

Eur. J. Org. Chem. 2002, 4131�4136 4135

Procedure for the Synthesis of Quinolinylphosphonic Acid 9: 3-(Di-
ethylphosphoryl)-4,6-dimethoxy-2-methylquinoline (8c) (0.34 g,
1 mmol) in HCl (20%) (5 mL) was stirred for 6 h under reflux. The
solution was concentrated under reduced pressure and dissolved in
methanol (1 mL). Diethyl ether was added dropwise to the solution
and a solid was formed. Finally, the pale pink solid was filtered
and washed with diethyl ether.

(6,7-Dimethoxy-2-methylquinolin-3yl)phosphonic Acid (9): The Pro-
cedure was applied, affording 9 (0.27 g, 95%) as a pale pink solid.
Dec. temp. 278�279 °C. 1H NMR: δ � 9.00 (d, 3JPH � 13.9 Hz 1
H), 7.54 (s, 1 H), 7.35 (s, 1 H), 3.96 (s, 3 H), 3.88 (s, 1 H), 2.96 (s,
3 H) ppm. 13C NMR: δ � 159.9, 155.8, 153.8, 148.2 (d, 2JPC �

7.6 Hz), 138.0, 125.9 (d, 1JPC � 189.8 Hz), 124.6(d, 2JPC �

13.1 Hz), 108.0, 99.6, 57.6, 57.2, 20.5 ppm. 31P NMR: δ � 8.6 ppm.
IR (KBr): ν̃ � 3450, 2995, 1632, cm�1. MS: m/z (%) � 283 (100)
[M� � 1]. C12H14NO5P (282): calcd. C 50.89, H 4.98, N 4.95;
found C 50.96, H 5.04, N 4.90.

Acknowledgments
The present work has been supported by the Dirección General
de Investigación del Ministerio de Ciencia y Tecnologı́a (MCYT,
Madrid DGI, BQU2000-0217) and by the Universidad del Paı́s Va-
sco (UPV, G11/99). J. V. thanks the Universidad del Paı́s Vasco for
a predoctoral fellowship.

[1] For reviews see: [1a] C. D. Johnson, in Rodd’s Chemistry of Car-
bon Compounds, 2nd ed. (Ed.: M. Sainsbury), Elsevier, Amster-
dam, 1998, vol. 4 (part F), pp. 129�161. [1b]D. L. Comins, S.
O’Connor, Prog. Heterocycl. Chem. 1997, 9, 222�248. [1c] F.
Palacios, D. Aparicio, G. Rubiales, A. M. Ochoa de Retana, E.
Martinez de Marigorta, in Targets in Heterocyclic Systems
(Eds.: O. A. Attanasi, D. Spinelli), Italian Society of Chemistry,
Rome, 1997, pp. 187�223. [1d] Comprehensive Heterocyclic
Chemistry II (Eds.: A. R. Katritzky, C. W. Rees, E. F. V.
Scriven), Pergamon Press, Amsterdam, 1996, vol. 5, pp. 1�300.

[2] For recent contributions see: [2a] J. Tuma, W. H. Connors, D.
H. Stitelman, C. Richert, J. Am. Chem. Soc. 2002, 124,
4236�4246. [2b] K. Y. Koltunov, G. K. S. Prakash, G. Rasul,
G. A. Olah, J. Org. Chem. 2002, 67, 4330�4336. [2c] C. N. Car-
rigan, R. D. Bartlett, C. S. Esslinger, K. A. Cybulski, P.
Tongcharoensirikul, R. J. Bridges, C. M. Thompson, J. Med.
Chem. 2002, 45, 2260�2276. [2d] J. Heddle, A. Maxwell, Anti-
micr. Ag. Chemother. 2002, 46, 1805�1815. [2e] D. H. Boschelli,
Y. D. Wang, F. Ye, B. Wu, N. Zhang, M. Dutia, D. W. Powell,
A. Wissner, K. Arndt, J. M. Weber, F. Boschelli, J. Med. Chem.
2001, 44, 822�833. [2f] F. Mongin, G. Queguiner, Tetrahedron.
2001, 57, 4059�4090.

[3] For recent reviews see: [3a] J. P. Michael, Nat. Prod. Rep. 2001,
18, 543�559. [3b] J. P. Michael, Nat. Prod. Rep. 1999, 16,
697�709. [3c] J. P. Michael, in Rodd’s Chemistry of Carbon
Compounds, 2nd ed. (Ed.: M. Sainsbury), Elsevier, Amsterdam,
1998, vol. 4 (part F), pp. 423�482.

[4] For recent contributions see: [4a] Y. Onodera, J. Okuda, M.
Tanaka, K. Sato, Antimicr. Ag. Chemother. 2002, 46,
1800�1804. [4b] D. H. Boschelli, F. Ye, Y. D. Wang, M. Dutia,
S. L. Johnson, B. Wu, K. Miller, D. W. Powell, D. Yaczko,
M. Young, M. Tischler, K. Arndt, C. Discafani, C. Etienne, J.
Gibbons, J. Grod, J. Lucas, J. M. Weber, F. Boschelli, J. Med.
Chem. 2001, 44, 3965�3977. [4c] J. A. Terrón, CNS Drug Rev.
2000, 6, 267�277. [4d] N. Zhang, B. Wu, D. Powell, A. Wissner,
M. B. Floyd, E. D. Kovacs, L. Toral�Barza, C. Kohler, Bioorg.
Med. Chem. Lett. 2000, 10, 2825�2828.

[5] [5a] A. D. F. Toy; E. N. Walsh, in Phosphorus Chemistry in



F. Palacios, D. Aparicio, J. VicarioFULL PAPER
Everyday Living, American Chemical Society, Washington,
D.C., 1987.[5b] R. Engel, in Handbook of Organophosphorus
Chemistry, M. Dekker, Inc., New York, 1992.

[6] [6a] C. Yuan, J. Xiao, X. Zhang, Heteroatom Chem. 2000, 11,
240�243. [6b] H. Yanagisawa, A. Ando, H. Nakao, Jpn. Pat.
49013185; Chem. Abstr. 1974, 80, 108397.

[7] [7a] F. Palacios, A. M. Ochoa de Retana, J. Oyarzabal, Tetrahed-
ron 1999, 55, 5947�5964. [7b] F. Palacios, D. Aparicio, J. Gar-
cia, Tetrahedron 1998, 54, 1647�1656. [7c] F. Palacios, D. Apar-
icio, J. Garcia, Tetrahedron 1997, 53, 2931�2940.

[8] J. L. Vasse, S. Goumain, V. Levacher, G. Dupas, G. Queguiner,
J. Bourguignon, Tetrahedron Lett. 2001, 42, 1871�1873.

[9] [9a] F. Palacios, D. Aparicio, A. M. Ochoa de Retana, J. de los
Santos, J. I. Gil, J. M. Alonso, J. Org. Chem. 2002, 67,
7283�7288. [9b]F. Palacios, A. M. Ochoa de Retana, E. Marti-
nez de Marigorta, J. de los Santos, Eur. J. Org. Chem. 2001,
2401�2414. [9c] F. Palacios, A. M. Ochoa de Retana, J. I. Gil,
J. M. Ezpeleta, J. Org. Chem. 2000, 65, 3213�3217. [9d] F. Pala-
cios, A. M. Ochoa de Retana, J. I. Gil, Tetrahedron Lett. 2000,
41, 5363�5366.

[10] [10a] F. Palacios, D. Aparicio, J. Garcı́a, J. Vicario, J. M. Ezpe-
leta,, Eur. J. Org. Chem. 2001, 3357�3365. [10b] F. Palacios, D.
Aparicio, J. M. de los Santos, J. Vicario, Tetrahedron 2001, 57,
1961�1972. [10c] F. Palacios, D. Aparicio, J. M. de los Santos,
Tetrahedron 1999, 55, 13767�13778. [10d] F. Palacios, A. M.
Ochoa de Retana, J. Oyarzabal, J. M. Ezpeleta, Tetrahedron
1998, 54, 2281�2288. [10e] F. Palacios; J. Pagalday, V. Piquet,

Eur. J. Org. Chem. 2002, 4131�41364136

F. Dahan, A. Baceiredo, G. Bertrand, J. Org. Chem. 1997, 62,
292�296.

[11] [11a] F. Palacios, A. M. Ochoa de Retana, J. I. Gil, R. López de
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