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Abstract- Quinolinealkyl phosphine oxides are obtained by thermal treatment of N-
arylimines derived from phosphine oxides with N,N-dimethylformamide diethyl
acetal (DMF-DEA). In asimilar manner, quinolineal kyl phosphonates are obtained
by reaction of DMF-DEA with N-arylimines derived from phosphonates or from

their precursors, arylamines and carbonyl derivatives.

Quinolines are widely used intermediates for functional transformations.*? Simple quinolines are
common units in a wide variety of natural products possessing biological activity,® and they are
constituents of alkaloids or antibiotics with remarkable cytotoxic and antitumor properties.* Furthermore,
the presence of alkylphosphonates in position 2 of the ring increases the synthetic value of quinolines
because these compounds can be used as metal complexes ligands® and as key phosphorus intermediates
for olefination reactions.® We are interested in the design of new nitrogen heterocycles bearing a
phosphine oxide or a phosphonate moiety. This substituent could regulate important biological functions
and increase the biological activity of these compounds.” In this context, we have described the synthesis
of three-® five-® and six-membered phosphorus™ substituted nitrogen heterocycles from functionalized
enamines and imines as well as phosphorylated 4-aminoquinolines™ and phosphorus-containing
heterocycles.*? Continuing with our interest in the chemistry of new phosphorus substituted compounds,
we report here an easy and regioselective synthesis of quinolinealkylphosphine oxides (I, R=Ph) and -
phosphonates (I, R=OEt) from N,N-dimethylformamide diethyl aceta (DMF-DEA, I11) and
phosphorylated N-arylimines (11) (Scheme 1, Route 1), or from their precursors (Scheme 1, Route 2) such
as arylamines (1) and phosphorylated allenes (V) or carbonyl derivatives (V1) and DMF-DEA (111).

# Dedicated to Professor Y. Kanoaka on the occasion of his 75™ birthday
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Required N-aryliminesderived from phosphine oxides (1) were easily prepared by addition of aryl amines
(2) to alenes (3).* Thermal treatment of 2-(N-p-tolylimino)-3-tolylpropylphosphine oxide (1) (R* =
CHs, R?=H, Ar = p-CH3C¢H.) with DMF-DEA in toluene at 110°C (48 h) gave quinolinealkylphosphine
oxide (4a) (Scheme 1) in moderate yield (Table 1, Entry 1). ****> Compound (4a) was characterized on the
basis of its spectroscopic data. Thus, the 3P NMR spectrum of 4a showed a resonance at 3o = 31.6 and
the 'H NMR spectrum showed well resolved doublet for methylene protons at 8y = 4.07 (*Jpy = 15.3 HZ),
while 3C NMR spectrum gave doublets at dc = 38.2 (}Joc = 66.0 Hz) for the methylene carbon
substituent as well as a 8¢ = 150.8 (“Jpc = 8.6 Hz) C-2 of quinoline (4a). The formation of this
heterocycle (4a) can be explained by a condensation reaction of imine (1a) with DMF-DEA followed by
the loss of ethanol (Scheme 2) and subsequent 61t-azael ectrocyclization of this azadiene (5a) with the loss

of dimethylamine, in asimilar manner to that reported for azapolyenes.™'**°

Ar NMez
oy 7Y, O e ey S
C PR, —>
j@ 9 HOEt z
NH2 ppp, 1:R=Ph

2 3 7: R = OEt J

OME-DEA J DMF-DEA
1

-HOEt
A

-HNMe,
P(OEt)z > PR | I
NH (@) A R2 N 2-HNM82 R2 \N PR2
4:R=Ph
8: R =O0Et
Scheme 2.

With these results we tried to explore whether quinolinealkylphosphine oxides (4) could be directly

obtained from the precursors of N-arylimines (1). From a preparative point of view, it is of interest that

“ This derivative was obtained as a mixture of imino- (85%) and the isomeric enamino-phosphine oxide (15%) and was used
without separation.



the synthesis of quinolinealkylphosphine oxides (4) does not require the isolation and purification of the
imines (1) and the former can be obtained in a regioselective fashion and in good yields in “one pot”
reaction from arylamines (2) and arylallenes derived from phosphine oxides (3) by means of “in situ”
formation of imines (1), followed by heating with DMF-DEA (Table 1, Entries 1-5).” The scope of the
reaction was not limited to 2-aryl- (4a-d) (Ar = p-CH3CgH, , Table 1, Entries 1-4) and 2-heteroaryl-
quinolines (4e) (Ar = 2-Fur, Table 1, Entry 5), because quinolines (4) containing electron-donating
substituents in the aromatic ring (Table 1, Entries 1, 2, 4), as well as containing an e ectron-withdrawing
substituents (R*= Cl, R*= H) (Table 1, Entry 3) were also obtained.

Table 1. Quinolines (4 and 8) obtained.

Entry Compd. R R' R® Ar Yield (%) mp (°C)

1 4a Ph Me H Tol 48(46)@ 154-155
2 4b Ph MeOH Tol 559 151 - 152
3 4 Ph C H To 719 143 - 144
4 4 Ph  OMe OMe Tol 649 239 - 240
5  4e Ph  -O-CHx-O- 2-fur 61 201 - 202
6 8a OEt Me H Ph 64" Qil

7 8 OEt -O-CH,»O- Ph 63" Oil

[@ yield from allenyl-phosphine oxide in “one pot”. ™ Yield from B-K etophosphonate.

This methodology can aso be extended to the synthesis of quinolines containing a phosphonate group in
position 2. It is noteworthy that quinolinealkyl-phosphonates (8) can be directly obtained from arylamines
(2) and carbonyl phosphonates (6)*® by “in situ” formation of the imines derived from phosphonates
(7),"*2 followed by heating with DMF-DEA (Scheme 2, Table 1, Entries 6, 7).*° Similar “one pot”
processes as well as reactions using very small amounts of solvents are acquiring important relevance in

“Green Chemistry” for their applicationsin the pharmaceutical industry. °



Table 2. Selected spectral datafor quinolines (4 and 8).

H NMR? Bc NMR? $IpNMR? MS°
3 (ppm) 3 (ppm) 3 (ppm) (m/z)
4a 7.72 (s, 1H), 7.66-7.59 (m, 4H), 150.8 (d, “Jec = 8.6 Hz), 145.3, 316 447
754 (d, ®Jyy = 86 Hz, 1H), 137.3, 136.3, 1362, 136.0, (M*, 8)
7.39-7.14 (m, 12H), 4.07 (d, 137.3-128.0 (m), 131.4, 129.3
2Jpu = 15.3 Hz, 2H) 2.41 (s, 3H), 126.7, 126.1, 38.2 (d, *Jpc = 66.0
2.13 (s, 3H). Hz), 21.5, 21.2.
4b 7.78 (s, 1H), 7.73-7.65 (m, 4H), 157.6, 152.9, 148.8 (d, °Jc =86 316 463
761 (d, *Jun = 9.2 Hz, 1H), Hz), 142.8, 137.1, 136.5, 136.4, (M*, 100)
750-7.19 (m, 11H), 6.97 (s, 136.1, 135.4, 133.8-127.8 (m),
1H), 4.24 (d, 2Jpy = 15.1 Hz, 121.9, 121.5, 55.3, 37.7 (d, Jec
2H) 3.88 (s, 3H), 2.41 (s,3 H). = 66.0 Hz), 21.0.
4c 7.69 (s, 1H), 7.61-7.55 (m, 4H), 153.0, 152.1 (d, *Jec = 8.6 Hz), 314 467
752 (d, ®Jyu = 88 Hz, 1H), 1447, 137.2, 137.0, 1353, (M*, 44)
7.41-7.10 (m, 12H), 4.03 (d, 1321, 131.6, 133.5-127.8 (m),
2Jpn = 15.0 Hz, 2H) 2.30 (s, 3H).  127.0, 125.6, 122.0, 37.8 (d, “Jpc
= 65.5 Hz), 20.9.
4d 7.72-6.94 (m, 17H), 411 (d, 152.3, 149.8, 1488 (d, , “Jpc = 312 494
2Je = 15.0 Hz, 2H) 3.98 (s, 6H), 8.6 Hz), 137.1, 136.5, 1351, (M*+1, 100).
2.40 (s, 3H). 131.5-128.0 (m), 122.1, 107.3,
104.6, 56.0, 55.9, 38.1 (d, “Jpc =
66.0 Hz), 21.1.
de 7.77-7.04 (m, 14H), 6.76 (d, 150.9, 144.6, 1342, 1332, 315 454
3Jun = 3.0 Hz, 1H), 6.42 (dd, 133.7-125.1 (m), 111.2, 108.4, (M*+1, 100).
334n = 3.0 Hz, 3Juy = 20 Hz, 114.0, 101.6, 38.5 (d, “Jec = 8.6
1H), 6.02 (s, 2H), 4.08 (d, 2Joy = Hz).
15.0 Hz, 2H).
8a 8.05 (d, *Jun = 7.1 Hz, 1H), 7.85 148.7 (d, %Jpc = 10.0 Hz), 1452, 256 369
(d, 334y = 7.1 Hz, 1H), 7.57— 1399, 1389, 137.1, 1350, (M*+1, 100).
744 (m, 6H), 7.37 (s, 1H), 7.01  132.3, 1319, 1285, 127.9,
(s, 1H), 4.12-3.99 (m, 4H), 3.38  126.5, 105.6, 101.9, 62.0, 59.9,
(d, 2Jpy = 22.9 Hz, 2H), 2.28 (s, 33.5 (d, *Jpc = 136.3 Hz), 16.3.
3H), 1.31-1.25 (m, 6H). 1.62.
8b 7.80 (s, 1H), 7.51-7.46 (m, 5H), 150.7, 148.9 (d, Jpc = 10.1 Hz),  25.7 400
7.34(s, 1H), 7.00 (s, 1H),6.09 (s, 147.8, 1452, 139.4, 1296, (M*+1, 100).
2H), 4.12-4.03 (m, 4H), 355 (d, 1283, 127.5, 1050, 102.3,

2y = 22.4 Hz, 2H), 1.28-1.22
(m, 6H).

101.5, 62.0, 61.9, 33.9 (d, *Jpc =
136.5 Hz), 34.8, 33.0.

2 Obtained on a Varian VXR 300 Spectrometer. ® Obtained at 50-70 eV by electron impact (EIMS) on a Hewlett Packard 5973
spectrometer or by chemical ionization (Cl) on a Hewlett Packard 1100M SD (fragmentor = 50).

Taking into account the interest of functionalized phosphorus derivatives™ * in the carbon-carbon bond
construction, the Ca-akylation and the olefination reaction of quinolinealkyl-phosphine oxide were

explored. Thus, when functionalized quinoline (4c) was treated with methyllithium followed by addition



of methyl iodide and agueous work-up, C-methylated derivative (9)* was obtained (Scheme 3) in good
yield (85%). Likewise, quinolinealkylphosphine oxide (4c) can be suitable to efficiently achieve the
homologation of quinolines into their vinylogous compounds. Functionalized phosphine oxide (4c) was
treated with methyllithium, followed by addition of p-methyl benzaldehyde leading to E-vinylquinoline
(10) ?*with high E-stereoselectivity of the carbon-carbon double bond in good yield (86%), after aqueous
work-up and flash-chromatography (Scheme 3).

Tol

O — ~_POPh
— 2
N = Tol NG POPh, N
10 4c

Scheme3: i) 1. MeLi, 2.Mel. ii) 1. MeLi, 2. p-MeCgH4-CHO.

In conclusion, the synthesis described in this paper provides an efficient and easy access to quinolines
substituted with an alkylphosphine oxide or an akylphosphonate group in position 2, 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 allenes or carbonyl compounds and N,N-
dimethylformamide diethyl acetal. Phosphorylated quinolines can be used as starting substrates for
carbon-carbon bond construction and for olefination processes. Functionalized quinolines are important
synthons in organic synthesis and for the preparation of biologically active compounds with interest in
medicinal chemistry.**
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22.9. White solid. mp 149 — 150 °C. *H NMR &: 7.97 (d, 3Jun = 9.0 Hz, 1H), 7.81-7.29 (m, 13H), 7.25 (d,
33un = 6.6 Hz, 2H), 6.95 (d, *Jun = 6.6 Hz, 2H), 4.35 (m, 1H), 2.40 (s, 3H)1.71 (dd, 3Jun = 7.2 Hz,
3Jem = 16.5 Hz, 3H). *C NMR &: 157.9, 145.3, 138.8-125.7 (m), 41.0 (d, *Jmy = 67.0), 25.0, 21.2,
15.8. **P NMR &: 31.7. IR (KBr) v: 2919, 1725, cm™. MS (m/2): 481 (M*+1, 100) amu. Anal. Calcd
for C3oH2sNOCIP: C. 74.76, H. 5.23, N. 2.91. Found: C. 74.81, H. 5.20, N. 2.88. 10. White solid. m.p.
80 — 81 °C. 'H NMR &: 8.07 (d, %34y = 9.0 Hz, 1H), 7.98 (d, 34y = 15.6 Hz, 1H), 7.91 (s, 1H), 7.63
(dd 334n = 9.0 Hz, *Jun = 2.3 Hz, 1H), 7.76 (d, “Jun = 2.3 Hz, 1H), 7.42-7.13 (m, 9H), 2.40 (s, 3H),
2.27 (s, 3H). ®*C NMR &: 154.1, 145.7, 138.6, 137.7, 135.9, 135.7, 135.6, 135.3, 134.1, 131.7, 130.6,
130.3, 129.7, 129.4, 129.2, 129.0, 128.8, 128.6, 127.4, 126.0, 124.6, 121.1, 21.4, 21.3. IR (KBr) v:

2022, cmi L. MS (m/2): 369 (M*+1, 100) amu. Anal. Calcd for CpsHoNCI: C. 81.18, H. 5.45, N. 3.79.
Found: C. 81.24, H. 5.41, N. 3.82.



