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A simple and efficient method has been developed for the synthesis of a-aminophosphinic acids from hypophosphorus acid

under solvent—free conditions using microwave irradiation. o.-Aminophosphinic acids were obtained in high yield under mild

conditions by reaction of hypophosphorus acid with aldehydes in the presence of amines under microwave irradiation.
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INTRODUCTION

Phosphinic acids are of growing importance in biological
processes [1]. In recent years, the synthesis of a-substituted
phosphoryl derivatives (phosphonic and phosphinic acids) has
due to

attracted considerable attention, their potential

biological activities with broad application as enzyme
inhibitors, antimetabolites and antibiotics. Among the o-
functionalized phosphinic acids, a-aminoalkylphosphinic
derivatives have potential biological activities such as anti-
herbicidal and [2-4]. 1-

Aminoalkylphosphinic acids, the phosphinic acid analogues of

bacterial, fungicidal
I-amino carboxylic acids, are important compounds that
exhibit a variety of interesting and useful properties. In
contrast to the widely studied 1-aminoalkylphosphonic acid
derivatives [5-8], relatively few papers have been reported on
the chemistry of 1-aminoalkylphosphinic acids, although there
acids  are

are evidences that o-aminophosphinic

pharmacologically active compounds.
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Many effective methods for the preparation of 1-
aminoalkylphosphonic acids have been developed, but few
synthetic routes to 1-aminoalkylphosphinic acids have been
reported which involve Manich-type reaction of amines with
aldehydes in the presence of anhydrous hypophosphorus acid
and prolonged heating of anhydrous hypophosphorus acid in
the presence of a Schiff’s base. Addition of hypophosphorus
acid to structurally diverse imines appears to be a general
method for the N-substituted  1-

aminoalkanephosphinic acids [9]. However there are problems

preparation  of

with drastic reaction conditions, anaerobic and anhydrous
conditions, long reaction times and severe side reactions. On
the other hand the key step in one-pot synthesis of 1-
aminoalkyl phosphinic acid is the nucleophilic addition of an
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amine to a carbonyl compound followed by the addition of
hyphophosphorus acid as nucleophile to the resulting imine.
Formation of 1-hydroxyalkylphosphinic acids frequently
accompanies the formation of 1-aminoalkylphosphinic acids
[10].

As part of our efforts to explore the utility of microwave-
assisted reactions for the synthesis of organophosphorus
compounds [11], we report here a one-pot method for the
preparation of o-aminoalkylphosphinic acids from a mixture
of aldehyde and amine in the presence of hypophosphorus acid
in solvent-free conditions under microwave irradiation.

EXPERIMENTAL

General

All chemicals were commercial products and distilled or
recrystallized before use. All melting points were obtained by
a Buchi 510 and are uncorrected. NMR spectra were taken
with a 250 Brucker Avance instrument with the chemical shifts
being reported as & ppm and couplings expressed in Hertz. The
chemical shift data for each signal on 'H NMR are given in
units of J relative to CHCl; (6=7.26) for CDCl; solution. For
C NMR spectra, the chemical shifts in CDCl; are recorded
relative to the CDCl; resonance (6=77.0). The chemical shifts
of *'P are recorded relative to external 85% H;PO, (8=0) with
broad-band 'H decoupling. A kitchen-type microwave was
used in all experiments. Silica gel column chromatography
was carried out with Silica gel 100 (Merck No. 10184). Merck
Silica-gel 60 F254 plates (No. 5744) were used for the
preparative TLC.

General Procedure for the One-Pot Synthesis of 1-
Aminophosphinic Acids 3: 10 mmol of hypophosphorus acid
(50% solution) was added to 10 mmol of amine and the
mixture was irradiated under microwave for 2 min (a kitchen-
type Samsung microwave oven, model number CE290DN,
was used in all experiments). Aldehyde (12 mmol) was added
to reaction mixture and the mixture irradiated under
microwave for 1-6 min. 30 mL of 50% sodium hydroxide (30
mL, 5%) was added dropwise to reaction mixture and
extracted with ether (3x50 ml) until the ether layer appeared
completely colorless. The aqueous portion was fed from
residual ether by heating. After cooling, 3N hydrochloric acid
was added dropwise to the aqueous solution with rapid stirring
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until no further precipitate appeared. The precipitated
phosphininc acid was filtered and redissolved in aqueous
sodium hydroxide, the solution again extracted with ether, and
the phosphinic acid reprecipitated by adding to aqueous
hydrochloric acid as shown above. After filtration, washing
with water, and drying in vacuo over phosphorus pentoxide
(58-79% yield) a white solid was obtained. All products gave
satisfactory spectral data in accord with the assigned
structures.

Anilino(phenyl)methylphosphinic acid (3a).

White solid; mp 150-152 'C; 'H NMR (DMSO/TMS-250
MHz): 4.78 (1H, d, Jup=19.7 Hz, -CHP), 6.48 (1H, t, J=7.2
Hz), 6.65 (2H, d, J=8.2), 6.91 (2H, t, J=7.2 Hz), 6.90 (1H, d,
Jup=550 Hz), 7.20-7.50 (m, 5H); *'P NMR (DMSO/H;PO,):
26.26; *C NMR (DMSO/TMS-62.9 MHz): 57.5 (d, Jcp=98.7
Hz, C-P), 113..9, 117.4, 127.5.8-129.2 (aromatic), 136.5, 147.6
(d, Jep=13.5 Hz). IR (KBr): 3650-2120 (-NH3), 2356 (P-H),
1187 (P=0), 1055-930 (P-O) cm’; Anal. Caled for
CisHiuNO,P. C, 63.1; H, 5.7; N, 5.7. Found: C, 62.8; H, 5.4;
N, 5.5.

Anilino(4-methylphenyl)methylphosphinic acid (3b):

White solid; mp 106-109 ‘C; 'H NMR (DMSO/TMS-250
MHz): 2.34 (s, 3H), 4.74 (1H, d, Jup=19.3 Hz, -CHP), 6.50
(1H, t, J=7.2 Hz), 6.68 (2H, d, J=8.2), 6.89 (1H, d, J;p=540
Hz), 6.95 (2H, t, J=7.2 Hz), 7.09 (2H, d, J=5.5 Hz), 7.32 (2H,
d, J=6.2); *'P NMR (DMSO/H;PO): 26.13 ; “C NMR
(DMSO/TMS-62.9 MHz): 21.1, 57.3 (d, Jop=98.7 Hz, C-P),
113.9, 117.2, 128.4, 128.5, 129.1, 133.6, 136.7 (d, Jop=3.1
Hz), 147.8 (d, Jep=13.2 Hz). IR (KBr): 3650-2120 (-NH3),
1171 (P=0), 2357 (P-H), 1055-950 (P-O) cm’'; Anal. Calcd
for C;3H4NO,P. C, 64.3; H, 6.2; N, 5.4. Found: C, 64.0; H,
6.0; N, 5.3.

Anilino(1-naphthyl)methylphosphinic acid (3c):

White solid; mp 140-143 'C; 'H NMR (DMSO/TMS-250
MHz): 5.31 (1H, d, Jyp=19.7 Hz, -CHP), 6.48 (1H, t, J=7.2
Hz), 6.65 (2H, d, J=8.2), 6.91 (2H, t, J=7.2 Hz), 7.05 (1H, d,
Jup=550 Hz), 7.42-7.90 (m, 6H), 8.45 (1H, d, J=8.3 Hz); *'P
NMR (DMSO/H;PO,): 25.34 ; *C NMR (DMSO/TMS-62.9
MHz): 53.4 (d, Jcp=98.6 Hz, C-P), 113.8, 117.4, 124.3, 125.8-
129.2 (aromatic), 132.1 (d, Jop=4.0 Hz), 133.0, 133.8, 147.6
(d, Jep=13.5 Hz). IR (KBr): 3650-2020 (-NH3), 1172 (P=0),
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1055-960 (P-O) cm’™’; Anal. Caled for C;H(NO,P. C, 68.7; H,
5.4; N, 4.7. Found: C, 68.5; H, 5.1; N, 4.5.

(4-isopropylphenyl)[(3-
nitrophenyl)amino]methylphosphinic acid (3d):

White solid; mp 100-103 ‘C; 'H NMR (DMSO/TMS-250
MHz): 1.06 (6H, d, J=6.8 Hz), 2.80 (1H, sep, J=6.8 Hz), 4.78
(1H, d, Jup=19.7 Hz, -CHP), 6.83 (1H, d, Jup=531.5 Hz), 6.90-
7.65 (m, 8H); *'P NMR (DMSO/H;PO,): 23.54; C NMR
(DMSO/TMS-62.9 MHz): 24.2, 24.3, 33.5, 57.6 (d, Jcp=95.2
Hz, C-P), 107.4, 111.1, 119.6, 119.7, 126.6, 128.3, 130.2,
133.8, 149.0, 149.5 (d, Jop=12.8 Hz). IR (KBr): 3650-2120 (-
NH3), 2365 (P-H), 1201 (P=0), 980 (P-O) cm™'; Anal. Calcd
for C1sH;oN,O4P. C, 57.5; H, 5.7; N, 8.4. Found: C, 57.3; H,
5.4;N, 8.2.

(3-Fluoropheny)[(3-nitrophenyl)amino]methylphosphinic
acid (3e):

White solid; mp 90-93 ‘C; '"H NMR (DMSO/TMS-250 MHz):
5.08 (1H, d, J4p=19.7 Hz, -CHP), 6.96 (1H, d, Jp=547.8 Hz),
6.97-7.70 (m, 8H); *'P NMR (DMSO/H;PO,): 24.35; "*C
NMR (DMSO/TMS-62.9 MHz): 55.6 (d, Jop=97.5 Hz, C-P),
107.7, 111.8, 114.6, 114.9, 115.3, 119.9, 124.6, 130.4 130.6 (d,
Jep=7.6 Hz), 139.1, 148.9, 149.1 (d, Jp=13.2 Hz). IR (KBr):
3650-2060 (-NH;), 2365 (P-H), 1160 (P=0), 983 (P-O) cm’;
Anal. Calcd for Cj3H,,FN,O,P. C, 50.3; H, 3.9; N, 9.0. Found:
C,50.0; H,3.8; N, 8.8.

(4-Chlorophenyl)[(3-nitrophenyl)amino]methylphosphinic
acid (3f):

White solid; mp 130-134 ‘C;'H NMR (DMSO/TMS-250
MHz): 4.77 (1H, d, J4p=19.0 Hz, -CHP), 6.85 (1H, d,
J1p=529.8 Hz), 6.95-8.10 (m, 8H); *'P NMR (DMSO/H;PO,):
21.51; *C NMR (DMSO/TMS-62.9 MHz): 57.7 (d, Jcp=93.7
Hz, C-P), 107.4, 111.2, 119.7, 128.1-132.1 (aromatic), 136.1,
138.2, 149.3 (d, Jop=12.6 Hz); IR (KBr): 3650-2150 (-NHj3),
1201 (P=0), 1055-930 (P-O) cm’'; Anal. Caled for
CsH;,CIN,O4P. C, 47.8; H, 3.7; N, 8.6. Found: C, 47.6; H,
3.6; N, 8.6.

(3-Methoxyphenyl)[(4-
bromophenyl)amino]methylphosphinic acid (3g):

White solid; mp 140-144 °C; '"H NMR (DMSO/TMS-250
MHz): 3.70 (s, 3H), 4.78 (1H, d, J4p=19.3 Hz, -CHP), 6.70-

730 (m, 8H), 6.92 (1H, d, Jup=545 Hz); *'P NMR
(DMSO/H;PO,): 25.87; °C NMR (DMSO/TMS-62.9 MHz):
55.42, 57.4 (d, Jcp=98.8 Hz, C-P), 108.2, 112.8, 114.5, 115.9,
120.8, 129.7, 131.7, 137.9, 147.3 (d, Jcp=13.8 Hz), 159.7; IR
(KBr): 3650-2120 (-NH;), 2344 (P-H), 1163 (P=0), 1050-930
(P-O) em’™’; Anal. Caled for C4,HsNO;P. C, 60.8; H, 5.5; N,
5.1. Found: C, 60.5; H, 5.4; N, 4.9.

2-Naphthyl[(4-nitrophenyl)amino]methylphosphinic  acid
(3h):

White solid; mp 120-123 °C;

'H NMR (DMSO/TMS-250 MHz): 5.16 (1H, d, Jp=18.0 Hz,
-CHP), 6.88 (1H, d, J=8.7 Hz), 6.80 (1H, d, Js=550 Hz),
7.42-8.10 (m, 1H); *'P NMR (DMSO/H;PO,): 23.42; “*C
NMR (DMSO/TMS-62.9 MHz): 57.7 (d, Jcp=95.7 Hz, C-P),
126.2-128.3 (aromatic), 1325.8, 133.2, 133.8, 137.2, 154.3 (d,
Jer=13.5 Hz). IR (KBr): 3650-2100 (-NH;), 2370 (P-H), 1183
(P=0), 1055-920 (P-O) cm’™'; Anal. Caled for C;7H;sN,O,P. C,
59.6; H, 4.4; N, 8.2. Found: C, 59.6; H, 4.2; N, 8.0.

[(4-Methoxyphenyl)amino)](2-
methylphenyl)methylphosphinic acid (3i):

White solid; mp 118-121 °C; 'H NMR (DMSO/TMS-250
MHz): 2.45 (s, 3H), 3.55 (s, 3H), 4.84 (1H, d, J4»=20.5 Hz, -
CHP), 5.80-6.30 (br, NH), 6.49-6.69 (4H, m), 7.02 (1H, d,
Jup=550 Hz), 7.05-7.30 (m, 3H), 7.40-7.60 (m, 1H); *'P NMR
(DMSO/H;PO,): 25.89; *C NMR (DMSO/TMS-62.9 MHz):
53.4 (d, Jcp=98.6 Hz, C-P), 113.8, 117.4, 124.3, 125.8-129.2
(aromatic), 132.1 (d, Jep=4.0 Hz), 133.0, 133.8, 147.6 (d,
Jor=13.5 Hz). IR (KBr): 3650-2050 (-NHj), 1185 (P=0),
1055-930 (P-0) em’'; Anal. Caled for C3H,FN,O4P. C, 65.4;
H, 6.6; N, 5.1. Found: C, 65.1; H, 6.5; N, 5.1.

[(4-Methoxyphenyl)amino)](4-
fluorophenyl)methylphosphinic acid (3j):

White solid; mp 117-120 °C; 'H NMR (DMSO/TMS-250
MHz): 3.53 (s, 3H), 4.76 (1H, d, J4s=19.0 Hz, -CHP), 6.50-
7.60 (m, 8H), 695 (1H, d, Jyp=524 Hz); *'P NMR
(DMSO/H;PO,): 25.99; *C NMR (DMSO/TMS-62.9 MHz):
55.6, 57.4 (d, Jcp=99.4 Hz, C-P), 114.8, 115.1, 115.2, 115.5,
130.5, 132.9, 141.3 (d, Jep=14.5 Hz), 151.9. IR (KBr): 3650-
2120 (-NHj3), 2318 (P-H), 1170 (P=0), 1050-920 (P-O) cm’;
Anal. Calcd for C4,H;sFNO;P. C, 60.2; H, 5.4; N, 5.0. Found:
C, 60.0; H, 5.3; N, 4.7.
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(3-Methylphenyl)(1-naphthylamino)methylphosphinic acid
(3K):

White solid; mp 155-158 ‘C; '"H NMR (DMSO/TMS-250
MHz): 2.34 (s, 3H), 4.85 (1H, d, J4=20.5 Hz, -CHP), 6.20-
8.40 (m, 11H), 7.05 (1H, d, Jup=549 Hz); *'P NMR
(DMSO/H;PO,): 26.8; *C NMR (DMSO/TMS-62.9 MHz):
21.5, 58.2 (d, Jcp=96.9 Hz, C-P), 106.1, 117.7, 121.8, 124.0,
124.6, 125.0, 125.5, 126.3, 126.8, 128.5, 128.7, 134.3, 136.6,
136.7, 137.8 (d, Jep=4.0 Hz), 142.7 (d, Jop=13.2 Hz). IR
(KBr): 3650-2150 (-NHj), 2353 (P-H), 1160 (P=0), 1050-950
(P-0) cm™; Anal. Caled for CigH;sNO,P. C, 69.4; H, 5.8; N,
4.5. Found: C, 69.2; H, 5.8; N, 4.4.

(3-Methoxyphenyl)(1-naphthylamino)methylphosphinic
acid (3l):

White solid; mp 160-163 'C; 'H NMR (DMSO/TMS-250
MHz): 3.63 (s, 3H), 4.93 (1H, d, J4p=20.5 Hz, -CHP), 5.20-
5.80 (br, NH), 6.42-8.40 (m, 11H), 7.03 (1H, d, J4p=550 Hz),
7.42-7.90 (m, 6H); *'P NMR (DMSO/H;P0,): 26.72;C NMR
(DMSO/TMS-62.9 MHz): 55.4, 58.5 (d, Jcp=98.5 Hz, C-P),
106.1, 112.8, 114.3, 117.7, 120.6, 122.0, 122.0, 124.0, 124.9,
126.2, 126.8, 129.8, 134.3, 138.4, 142.7 (d, Jop=13.5 Hz),
159.8; IR (KBr): 3650-2020 (-NH3), 2360 (P-H), 1176 (P=0),
1055-960 (P-O) em’™’; Anal. Caled for CgH;sNO;P. C, 66.0; H,
5.5; N, 4.3. Found: C, 65.7; H, 5.4; N, 4.0.

1-Anilino-3-phenyl-prop-2-enylphosphinic  acid  (3m):
White solid; mp 118-120 'C; 'H NMR (DMSO/TMS-250
MHz): 4.49 (1H, dd, J4=6.2 Jup=19.2 Hz, -CHP), 6.23-7.45
(m, 12 H), 691 (IH, d, J4p=540 Hz); *'P NMR
(DMSO/H;PO,): 25.74; *C NMR (DMSO/TMS-62.9 MHz):
55.9 (d, Jcp=100.6 Hz, C-P), 113.8, 117.4, 124.1, 126.7, 128.1,
129.1, 129.3, 132.2, 132.4, 136.7 (d, Jop=3.8 Hz), 14.3, 147.7
(d, Jcp=10.6 Hz). IR (KBr): 3650-2120 (-NH3), 2350 (P-H),
1196 (P=0), 1065-950 (P-O) cm'; Anal. Caled for
CsHi¢NO,P. C, 65.9; H, 5.9; N, 5.1. Found: C, 65.7; H, 5.7;
N, 4.9.

RESULTS AND DISCUSSION

The application of microwave energy to accelerate organic
reactions is of increasing interest and offers several advantages
over conventional techniques [12]. Syntheses which normally
requires for periods, can be achieved conveniently and very
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rapidly in a microwave oven. The three-component reaction of
benzaldehyde la, aniline 2a and hyphophosphorus acid was
selected as a model reaction for the one-pot synthesis of 1-
aminophosphinic acid 3a under microwave irradiation. As
shown in Table 1, a mixture of aniline (2a) and benzaldehyde
(la) in the presence of hyphophosphorus acid under
microwave irradiation, afforded the desired product (3a) in
79% yield. Other mixtures of amines and aldehydes also
reacted with hypophosphorus acid under microwave
irradiation to give desired compounds in good yields (Table
1). The strong electron withdrawing property of the nitro
group in p-nitroaniline decreases the nucleophilicity of the
amine group. As shown in Table 1, a mixture of p-nitroaniline
and B-naphthaldehyde in the presence of hyphophosphorus
acid under microwave irradiation, afforded the desired product
in 66% yield. The reactions were clean with no tar formation.

These results prompted us to extend this process to
phosphorus acid. Initially we carried out the reaction of
benzaldehyde la with anililine 2a in the presence of
phosphorus acid under microwave irradiation (Scheme 2).
Unfortunately, the reaction failed and no product was detected
after 15 min irradiation.

(0]
[l MW I
RCHO R'NH, + H—P:OH 22— R—C—Pul
* 2 ‘IH 1-6 min R C|: P‘IL'OH
I}IH
R
1 2 3
Scheme 1
[l W
PhCHO + PhNH, + H—P1lOH ————— No Reaction
» 15 min
OH
la 2a
Scheme 2
CONCLUSION

In summary, we reported here a one-pot method for the
preparation of a-aminoalkylphosphinic acids from a mixture
of aldehyde and amine in the presence of hypophosphorus acid
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Table 1. One-pot synthesis of 1-aminophosphinic acids under microwave irradiation

Entry R- R' Reaction Time (min) Yield® (3) 3'P NMR (Sppm)
a CeHs- CeHs- 5 79 26.26
b p-CH;CsHy- CeHs- 1 65 26.13
c 1-CoH7- CeHs- 1 75 25.34
d p-(CH;),CHCgH,4- m- O,NCgHy- 5 62 23.54

m-FC¢Hs- m- O,NCgHy4- 4 69 24.35
f p-CICsHy- m- O,NCgHy- 5 62 21.51
g m-CH;0C¢H,- p- BrC¢H,- 4 77 25.87
h 2-CyoH7- p- O,NC¢Hy- 6 66 23.42
i 0-CH;CeHy- p-CH;0C¢H4- 2 71 25.89
j p-FCsHy- p-CH;0C¢H,- 1 58 25.99
k m-CH;C¢H,- 1-CoH7- 1 65 26.80
I m-CH;0C¢Hy- 1-CoH7- 1 70 26.72
m Ph-CH=CH- CeHs- 2 78 25.74

*Isolated Yields

under solvent-free conditions using microwave irradiation. A
mild
conditions, good yields, relatively clean reactions with no tar

simple work-up, rapid reaction rates, reaction
formation make this method an attractive and also a useful
contribution to present methodologies. Indeed, a wide range of
aldehydes and amines were converted to corresponding o-

aminophosphinic acids using this method.
ACKNOWLEDGMENT

The Institute for Advanced Studies in Basic Sciences
(IASBS) is thanked for supporting this work.

REFERENCES

[1] a) R. Engel, Chem. Rev. 77 (1977) 349; b) K. Moonen, I.
Laureyn and C.V. Stevens, Chem. Rev. 104 (2004) 6177.

[2] J.G. Dingwall, C.D. Campell and E.K. Baylis, UK Pat.
Appl., 1 (1979) 542 938.

[3] P. Kafarski, B. Lejczak, R. Tyka, L. Koba, E. Pliszczak &
P. Wieczorek, J. Plant Growth Regulation 14 (1995) 199.

[4] Y. Ishiguri, Y. Yamada, T. Kato, M. Sasaki and K. Mukai,
Eur. Pat. Appl., EP 82 (1982) 301905,.

[5] @) R. Gancarz, S. Chakraborty, Synthesis (1977) 625; b)
P.P. Giannousis, P.A. Bartlett, J. Med. Chem. 30 (1987)
1603; c¢) L. Maier, P.J. Lea, Phosphorus, Sulfur, and
Silicon 17 (1983) 1; d) R.L. Hilderbrand, The Role of
Phosphonates in Living Systems, CRC Press: Boca Raton,
F1 (1982); e) P. Kafarski, B. Lejczak, Phosphorus, Sulfur,
and Silicon 63 (1991) 193; f) V.P. Kukhar, H.R. Hudson,
Aminophosphonic and Aminophosphinic Acids, John
Wiley & Sons, (2000); g) S. Hanessian, Y.L. Bennani,
Synthesis (1995) 1272.

[6] a) D. Redmore, Topics in Phosphorus Chemistry, Griffith,
E. J.; Grayson, M. Eds.; Vol. 8; Wiley: New York, (1976);
b) F.R. Atherton, C.H. Hassall ans R.W. Lambert, J. Med.
Chem. 29 (1986) 29; ¢) M.C. Allen, W. Fuhrer, B. Tuck,
R. Wade and J.M. Wood, J. Med. Chem. 32 (1989) 1652;
d) C.H. Hassall, Antibiotics, ed. F. E. Hahn, Springer
Verlag, Berlin, Vol VI (1983) 1; e) R. Gancarz, J.S.
Wieczorek, Synthesis (1978) 625; f) D. Seyferth, R.S.
Marmor, P. Hilbert, J. Org. Chem. 36 (1971) 1379; g)
K.H. Worms, M. Schmidt-Dunker, Organic Phosphorus
Compounds, G.M. Kosolapoff, L. Marier, Eds., John
Wiley & Sons, New York, Vol. 7 (1976) 1; h) B.
Kaboudin, Phosphorus, Sulfur and Silicon 177 (2002)

S101



Kaboudin & Jafari

1749; i) S. Bhagat, A.K. Chakraborti, J. Org. Chem. 72
(2007) 1263.

[7]1 J. Barycki, P. Mastalerz and M. Soroka, Tetrahedron Lett.
36 (1970) 3147.

[8] a) J.P. Genet, J. Uziel, M. Port, A.M. Touzin, S. Roland, S.

[10]a) J. Lewkowski, J. Organometallic Chem. 681 (2003)
225; b) J. Lewkowski, Heteroat. Chem. 15 (2004) 162.
[11]a) B. Kaboudin, R. Nazari, Synth. Commun. 31 (2001)
2245; b) B. Kaboudin, M.S. Balakrishna, Synth.
Commun. 31 (2001) 2773; ¢) B. Kaboudin, Tetrahedron

Thorimbert and S. Tanier, Tetrahedron Lett. 33 (1992) 77;
b) C. Qian, T. Huang, J. Org. Chem. 63 (1998) 4125; ¢)
B.C. Ranu, A. Hajira and U. Jana, Org. Lett. 1 (1999)
1141; d) K. Manabe, S. Kobayashi, Chem. Commun.
(2000) 669; e) S. Chandrasekhar, S.J. Prakash, V.
Jagadeshwar and C. Narsihmulu, Tetrahedron Lett. 42
(2001) 5561; f) H. Firouzabadi, N. Iranpoor & S. Sobhani,
Synthesis (2004) 2692; g) B. Kaboudin, M. Sorbiun,
Tetrahedron Lett. 48 (2007) 9015; h) B. Kaboudin, E.
Jafari, Synthesis (2007) 1823.

[9]a) H. Schmidt, Chem. Ber. 81 (1948) 477; b) W.M.

Linfield, E. Jungermann and A.T. Guttmann, J. Org.
Chem. 26 (1961) 4088; ¢) T. Yamagishi, T. Haruki and T.
Yokomatsu, Tetrahedron 62 (2006) 9210; d) L.A. Cates,
V.S. Li, Pharm. Res. (1985) 136; ¢) A. Lecog, A. Yiotakis
and V. Dive, Synth. Commun. 24 (1994) 2877; f) R.
Hamilton, B. Walker and B.J. Walker, Tetrahedron Lett.
36 (1995) 4451; g) B. Kaboudin, N. As-Habei,
Tetrahedron Lett. 44 (2003) 4243; h) J.-L. Pirat, J.
Monbrun, D. Virieux, J.-N. Volle, M. Tillard and M.H.-J.
Cristau, J. Org. Chem. 70 (2005) 7035; i) E.A. Boyd,
W.C. Chan and V.M.Jr. Loh, Tetrahedron Lett. 37 (1996)
1647; j) X.-Y. Jiao, C. Verbruggen, M. Borloo, W.
Bollaert, A.D. Groot, R. Dommisse and A. Haemers,
Synthesis (1994) 23.

S102

Lett. 43 (2002) 8713; d) B. Kaboudin, Tetrahedron Lett.
44 (2003) 1051; e) B. Kaboudin, A. Rahmani, Synthesis
(2003) 2705; 1) B. Kaboudin, F. Saadati, Synthesis (2004)
1249; g) B. Kaboudin, A. Rahmani, Org. Prep. Proced.
Int. 36 (2004) 82; h) B. Kaboudin, H. Haghighat,
Tetrahedron Lett. 46 (2005) 7955; i) B. Kaboudin, H.
Haghighat and T. Yokomatsu, J. Org. Chem. 71 (2006)
6604.

[12]a) S. Caddick, Tetrahedron 51 (1995) 10403; b) A.

Zlotorzynsky, Crit. Rev. Anal. Chem. 25 (1995) 43; c)
R.S. Varma, Green Chem. (1999) 43; d) P. Lidstrom, J.
Tierney, B. Wathey and J. Westman, Tetrahedron 57
(2001) 9225; e) L. Perreux, A. Loupy, Tetrahedron 57
(2001) 9199; ) B. Kaboudin, Chem. Lett. (2001) 880; g)
B. Kaboudin, R. Nazari, Tetrahedron Lett. 42 (2001)
8211; h) M.S. Balakrishna, B. Kaboudin, Tetrahedron
Lett. 42 (2001) 1127; i) B. Kaboudin, K. Navaee,
Heterocycles 55 (2001) 1443; j) B. Kaboudin, K. Navaee,
Heterocycles 60 (2003) 2287; k) B. Kaboudin, F. Saadati,
J. Heterocycl. Chem. 42 (2005) 699; 1) B. Kaboudin, F.
Saadati, Heterocycles 65 (2005) 353; m) A. Loupy,
Microwaves in Organic Synthesis (2nd reprint), Wiley-
VCH, Weinheim (2004).



