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Abstract A three-component reaction of trialkyl(aryl) phosphites, dialkyl acetylenedicar-
boxylates and rhodanine is described as a simple and efficient route for synthesis of dialkyl
2-(dialkoxyphosphoryl)-3-(4-0x0-4,5-dihydro-thiazole-2-yl sulfanyl) succinates in good
yields. Protonation of the reactive 1:1 intermediate produced in the reaction between dialkyl
acetylenedicarboxylate and triphenylphosphine by N'-formylbenzohydrazide leads to vinyl-
phosphonium salts, which undergo Michael addition with the conjugate base of the NH acid
to produce highly functionalized, salt-free phosphorus ylides in excellent yields.

Keywords Dialkyl acetylenedicarboxylates; NH acids; phosphorus ylides; trialkyl(aryl)
phosphites; triphenylphosphine
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INTRODUCTION

Organophosphonates have been used as substitutes for the corresponding
esters and acids with high biological activity.'*! As a result, a large number of meth-
ods have appeared describing novel syntheses of organophosphorus compounds.
The attack by nucleophilic trivalent phosphorus on a carbon atom is facilitated when
the latter is part of, or conjugated with, a carbonyl group or when it is part of an
unsaturated bond otherwise activated.>” The reaction of trimethyl phosphite and
dimethyl acetylenedicarboxylate (DMAD) in the presence of alcohols is reported
to produce phosphite ylide derivatives, which are stable at low temperatures but
are converted to phosphonate derivatives warming or by treatment with water.'”)
There are some other recent reports on the reaction between phosphites and acety-
lenic esters in the presence of an acidic organic compound, all of them proceeding
through a phosphite ylide intermediate."'?* In continuation of our previous works
on the reaction of trivalent phosphorus nucleophiles and acetylenic esters in the pres-
ence of organic NH, OH, or CHacids,"* 2 here we report the results of our study on
the reaction between dialkyl acetylenedicarboxylates (DAADs) and trialkyl(aryl)
phosphites in the presence of rhodanine.

The reaction of DAAD 2 with trialkyl(aryl) phosphite 3 in the presence of rho-
danine 1 leads to dialkyl 2-(dialkoxyphosphoryl)-3-(4-ox0-4,5-dihydro-thiazole-2-yl
sulfanyl) succinates 4 in good yields (Scheme 1).

Products 4a—e were all new compounds, and their structures were deduced
from their elemental analyses and spectral data. The mass spectrum of compound
4a showed the molecular ion peak at 385. The "H NMR spectrum of compound
4a displayed two doublets (Jyp=11Hz) at 3.71 and 3.76 ppm for two POCH;
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Scheme 1. Synthesis of dialkyl 2-(dialkoxyphosphoryl)-3-(4-o0x0-4,5-dihydro-thiazole-2-yl sulfanyl) succi-
nates by reaction of DAAD and trialkyl(aryl) phosphites in the presence of rhodanine.
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Scheme 2. Suggested mechanism for formation of compound 4.

groups and two singlets at 3.70 and 3.81 ppm for two methoxycarbonyl groups. Two
signals were absorbed at 4.32 (dd, 3Jan = 11Hz, 2Jyup=21 Hz) and 4.54 ppm (dd,
3Jyu=11Hz, 3Jyp=5Hz) for two vicinal methine protons. One signal was
absorbed at 3.68 for two methylene protons. The '*C NMR spectrum of compound
4a showed 11 distinct resonances in agreement with the proposed structure. The
structural assignments made on the basis of the NMR spectra of compound 4a were
supported by its infared (IR) spectrum; the ester carbonyl groups exhibited strong
absorption bands at 1736 and 1700cm~'. The *'P NMR spectrum of compound
4a displays a signal at 19.22 ppm.

A reasonable mechanism for the formation of compound 4 is presented in
Scheme 2. The initial addition of trialkyl(aryl) phosphite on DAAD leads to a diio-
nic intermediate that is protonated by rhodanine to produce the vinyl phosphonium
5. It is well known that thioamide usually undergoes nucleophilic addition from the
sulfur atom, because sulfur is more nucleophilic than the nitrogen atom. Also in the
BCNMR spectrum of compound 4 we do not observe any signal at magnetic fields
lower than 172 ppm, and the C=S carbon is expected to be observed at about
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Scheme 3. Three-component reaction of triphenylphosphine, dialkyl acetylenedicarboxylate, and
N’-formylbenzohydrazide.
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Scheme 4. Suggested mechanism for formation of compound 9.

195 ppm. So, we can conclude that compound 4 is formed by the conjugate addition
of anion 6 from the sulfur atom on phosphonium cation 5, which afforded the phos-
phite ylide 7, which then hydrolyzed to product 4.

The reaction of acetylenic ester 2 with triphenylphosphine in the presence of
N'-formylbenzohydrazide 8 leads to functionalized phosphoranes 9 in excellent
yields (Scheme 3).

The "H NMR spectrum of 9a exhibits two sharp lines at 8 =3.03 and 3.76 ppm
for the protons of two methoxy groups and a doubled signal for the methine proton
at 4.96 ppm (*Jyp = 16 Hz). One single signal is absorbed at 9.05ppm, and disap-
peared after addition of a few drops of D>O to solution of compound 9a. This signal
is related to the NH proton. Aromatic protons resonate between 7.37 and 7.96 ppm
as multiplets and a single signal at 8.35 ppm for the CH=0 proton. '*C NMR spec-
tra of compound 9a shows 16 distinct signals, which is consistent with the proposed
structure. The *'P NMR spectrum of compound 9a consists of one signal at 24.37.
This shift is similar to those absorbed for other stable phosphorus ylides.***”! The
structural assignments made on the basis of the NMR spectra of compounds 9a—c
are supported by their IR spectra. The carbonyl groups exhibited strong absorption
bands at 1717, 1691, and 1618cm™' and showed the stretching absorption bond
related to NH bond.

It is reasonable to assume that ylide 9 results from the initial addition of triphe-
nylphosphine to DAAD and subsequent protonation of the 1:1 adduct by the
NH-acidic N'-formylbenzohydrazide. The positively charged ion 10 is then attacked
by anion 11 to form the phosphorane 9 (Scheme 4).

In summary, we report herein that the three-component reaction of trialkyl-
(aryl) phosphites, dialkyl acetylenedicarboxylates, and rhodanine provides a simple
and efficient one-pot route for the synthesis of dialkyl 2-(dialkoxyphosphoryl)-3-
(4-0x0-4,5-dihydro-thiazole-2-yl sulfanyl)succinates in good yields, and the reaction
between  dialkyl  acetylenedicarboxylate ~ and  triphenylphosphine by
N'-formylbenzohydrazide produces highly functionalized, salt-free phosphorus
ylides in excellent yields.

EXPERIMENTAL

Melting points were determined with an Electrothermal 9100 apparatus.
Elemental analyses were performed at the analytical laboratory of the Science and
Researches Unit of Islamic Azad University. Mass spectra were recorded on a
Finnigan-MAT 8430 mass spectrometer operating at an ionization potential of
70eV. IR spectra were recorded on a Shimadzu IR-470 spectrometer. 'H, '*C, and
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3P NMR spectra were recorded on a Bruker DRX-500 Avance spectrometer in
CDCl; and dimethylsulfoxide (dg-DMSO) using tetramethylsilane (TMS) as internal
standard or 85% H3PO, as external standard. The chemicals used in this work were
purchased from Fluka (Buchs, Switzerland) and were used without further
purification.

Compounds 4a-e

General procedure. A mixture of dialkyl acetylenedicarboxylate (2 mmol) in
acetone (3mL) was added dropwise at room temperature to a magnetically stirred
solution of trialkyl(aryl) phosphite (2mmol) and rhodanine (2mmol) in acetone
(15mL) over 2 min. The reaction mixture was then stirred for 3 h at reflux tempera-
ture. The solvent was removed under reduced pressure, and the residue was purified
by column chromatography on silica gel (60, 230—400 mesh) using ethyl acetate—hex-
ane (2:1) mixture as eluent.

Dimethyl 2-(dimethoxyphosphoryl)-3-(4-ox0-4,5-dihydro-thiazole-2-yl
sulfanyl) succinate (4a). Yield: 91%; yellow oil. IR (KBr) (Vimax cm '): 1736,
(C=0, ester), 1700 (C=0, amide), Analyses: calcd. for C;;H;sNOgPS,: C, 34.28;
H, 4.19; N, 3.63%. Found: C, 34.2; H, 4.15; N, 3.7%. MS (m/z, %): 385 (M*, 3),
353 (M "CH;O0H, 65), 109 [(CH;0),P=0, 80], 294 (353 "CO,CHj, 100). 'H NMR
(500 M Hz, CDCls): & 3.68 (2H, s, CH,), 3.70 and 3.81 (6 H, 2s, 2 OCHj), 3.71
and 3.76 (6 H, d *Jpy = 11 Hz, 2POCH};), 4.32 (1 H, dd, *Jyp =21 Hz, *Jyyy = 12 Hz,
P-CH), 4.54 (1 H, dd, *Jyp = 5Hz, *Jyy = 12 Hz, P-C-CH). '3*C NMR (125.8 M Hz,
CDCly): § 40.20 (d, 'J., =137 Hz, P-C), 45.08 (CH,), 53.89 (m, CH), 54.38 (m, 2
POCH};), 53.64 and 53.68 (2 OCHj), 156.2 (SC=N), 167.43 (d, *>Jcp=7Hz, C=0),
167.86 (C=0), 172.88 (d, *Jcp=21Hz, C=0). *'P NMR (202.5MHz, CDCl;): &
19.22.

Dimethyl 2-(diethoxyphosphoryl)-3-(4-ox0-4,5-dihydro-thiazole-2-yl
sulfanyl) succinate (4b). Yield: 89%; yellow oil. IR (KBr) (Viax, cm '): 1732,
(C=0, ester), 1700 (C=0, amide). Analyses: calcd. for C13H,(NOgPS,: C, 37.77;
H, 4.88; N, 3.39%. Found: C, 37.9; H, 5.00; N, 3.3%. MS (m/z, %): 413 (M™, 8),
381 (M "CH;OH, 55), 137 [(EtO),P=0, 74], 322 (381 "CO,CHj5, 100). '"H NMR
(500 M Hz, CDCls): & 1.23 and 1.30 (6 H, 2t *Juy=7Hz, 2 CH;), 3.64 2 H, s,
CH,), 3.76 and 3.98 (6 H, 2s, 2 OCHs), 4.00 -4.13 (5H, m, 2 OCH, and CH),
4.32 (1 H, dd, *Jyy=11Hz, *Jyp=4Hz, CH). ’C NMR (125.8 M Hz, CDCl;): 3
16.52 and 16.61 (2 CHj), 42.38 (d, 'J., =132 Hz, P-C), 45.03 (CH,), 53.38 and
53.41 (2 OCHs), 53.80 (d, Jcp=3Hz, CH), 63.51-63.93 (m, 2 POCH,), 156.5
(SC=N), 167.87 (C=0), 167.56 (d, *Jcp=7Hz, C=0), 171.95 (d, *Jcp=21Hz,
C=0). *'P NMR (202.5 MHz, CDCl;): & 19.35.

Dimethyl 2-(dibutoxyphosphoryl)-3-(4-ox0-4,5-dihydro-thiazole-2-yl
sulfanyl) succinate (4¢). Yield: 87%; yellow oil. IR (KBr) (Vmax cm™'): 1739,
(C=0, ester), 1701 (C=0, amide). Analyses: calcd. for C17;H,3NOgPS,: C, 43.49;
H, 6.01; N, 2.98%. Found: C, 43.4; H, 6.1, N, 3.00%. MS (m/z, %): 469 (M™, 6),
433 (M “CH;OH, 62), 193 [(n-BuO),P=0, 48], 374 (433 "CO,CHj3, 100)."H NMR
(500 MHz, dg-DMSO-Me,Si): 6 0.82, and 0.86 (6 H, 2t, 2 CH3), 1.32 (4 H, m, 2
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CH,), 1.56 (4 H, m, 2 CH.,), 3.64 (2 H, s, CH>), 3.68 and 3.74 (6 H, 25, 2 OCH3),
3.94-4.04 (4 H, m, 2 OCH>), 4.22 (1 H, dd, *Jyp=6Hz, *Jyy =11 Hz, CH), 4.36
(1 H, dd, *Jyp=21Hz, *Jyy=12Hz, P-CH). '*C NMR (125.8MHz, ds-
DMSO-Me,Si): & 13.89 and 13.91 (2 CHj), 18.92 and 18.99 (2 CH,), 32.64 and
32.74 (2d, *Jep="THz, 2 CH,), 45.01 (d, 'J,, =127 Hz, P-C), 45.19 (CH,), 53.78
(d, *Jo,=4Hz, P-C-C), 53.15 and 53.31 (2 OCH;), 66.85-67.54 (m, 2 POCH),),
156.2 (SC=N), 167.51 (d, >Jcp = 7 Hz, C=0), 167.94 (C=0), 171.85 (d, *Jcp =21 Hz,
Hz, C=0). *'P NMR (202.5 MHz, d¢-DMSO): & 19.24.

Diethyl 2-(dimethoxyphosphoryl)-3-(4-oxo0-4,5-dihydro-thiazole-2-yl
sulfanyl) succinate (4d). Yield: 90%; yellow oil. IR (KBr) (Umax, cm™'): 1742,
(C=0, ester), 1712 (C=0, amide); Analyses: calcd. for C13H,oNOgPS,: C, 37.77;
H, 4.88; N, 3.39%. Found: C, 37.9; H, 5.00; N, 3.3%. MS (m/z, %): 413 (M*, 3),
367 (M "C,HsOH, 58), 109 [(CH;0),P=0, 68], 294 (367 "CO,C>Hs, 100)."H NMR
(500 MHZ, CDCl5): & 1.18 and 1.28 (6 H, 2t *Jyu=7Hz, 2 CH;), 3.62 (2 H, s,
CH,), 3.71-3.78 (6 H, m, 2 POCHs), 4.12-4.27 (4 H, m, 2 OCH>), 4.55 (1 H, dd,
2Jap=21Hz, *Jyy=12Hz, P-CH), 4.68 (1 H, dd, *Jyp=5Hz *Jyy=12Hz,
P-C-CH)."*C NMR (125.8M Hz, CDCly): & 14.26 and 14.42 (2 CHj), 45.12
(CH,), 48.46 (d, 'J.,=137Hz, P-C), 53.58 (d, *Jcp=3Hz, CH), 54.32 (m, 2
POCH;), 62.50 and 62.18 (2 OCH,), 153.8 (SC=N), 166.97 (d, *Jep=7 Hy,
C=0), 167.25 (C=0), 172.43 (d, *Jcp=21Hz, C=0). *'P NMR (202.5MHz,
CDCl5): 8 19.28.

Dimethyl 2-(diphenoxyphosphoryl)-3-(4-0x0-4,5-dihydro-thiazole-2-yl
sulfanyl) succinate (4e). Yield: 90%; Yellow oil. IR (KBr) (Vmax, cm™'): 1739,
(C=0, ester), 1706 (C=0, amide). Analyses: calcd. for C,;H,0NOgPS,: C, 49.51;
H, 3.96; N, 2.75%. Found: C, 49.6; H, 3.8; N, 2.7%. MS (m/z, %): 509 (M*, 7),
477 (M "CH;OH, 35), 233 [(PhO),P=0, 100], 418 (477 "CO,CH3, 100). '"H NMR
(500 M Hz, CDCl3): 8 3.71 2 H, s, CH,), 3.89 and 3.99 (6 H, 25, 2 OCH;), 4.32
(1 H, dd, *Jyp=5Hz, *Jyu=12Hz, P-C-CH), 4.53(1 H, dd, *Jyp=21Hz,
3Jau=12Hz, P-CH), 7.13-7.34 (10 H, m, 10 CH aromatic). '*C NMR
(125.8M Hz, CDCly): § 45.08 (CHy), 45.57 (d, 'Jo,=137Hz, P-C), 53.47 (d,
2Jep=3Hz, CH), 53.78 and 53.85 (2 OCHj;), 120.77 (d, *Jcp=5Hz, 4 CHono),
126.04 (s, 2 CHpara), 130.24 (d, *Jop = 8 Hz, 4 CHpera), 150.33 (d, *Jep = 10 Hz, Cipgo),
150.44 (d, *Jop = 10 Hz, Cjpgo), 156.03 (SC=N), 166.71 (d, *Jcp =7 Hz, C=0), 167.45
(C=0), 171.08 (d, *Jcp=21Hz, C=0). *'P NMR (202.5 MHz, CDCl;): & 19.33.

Compounds 9a-c

General procedure. DAAD (2mmol) in 10mL acetone was added to a
magnetically stirred solution of N’-[2-(phenyl)-acetyl]-formic acid hydrazide (2 mmol)
and triphenylphosphine (2 mmol) in acetone (15 mL) at room temperature over 2 min.
The reaction mixture was then allowed to stir for 6 h. The solvent was evaporated at
reduced pressure. The residue was precipitated in a solution of diethyl ether—hexane.
The solid was filtered and washed with diethyl ether to give the pure product.

Compound 9a. White powder; mp 171-173°C. IR (KBr) (Vmax, cm'): 3365
(NH), 1717, 1691, 1618 (C=0). Analyses: calcd. for C3,H,9N,O¢P: C, 67.60; H, 5.14;
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N, 4.93%. Found: C, 67.8; H, 5.3; N, 4.8%. MS (m/z, %): 568 (M, 3), 105 (COPh,
80), 262 (PPhs, 85), 77 (Ph, 100)."H NMR (500 MHz, d¢-DMSO): & 3.03 (3H, s,
OCHj;), 3.76 (3H, s, OCH,), 4.98 (1H, d, 3Jpy=16Hz), 7.37-7.96 (20H, m, aro-
matic), 8.35 (1H, s, CH=0), 9.05 (1H, s, NH). '°C NMR (125.8 MHz, d¢-DMSO):
8 40.67 (d, 'Jpc=128 Hz, C=P), 49.91, 53.16 (2 OCHj;), 58.91 (d, *Jpc=17Hz,
CH), 126.2 (d, "Jpc=91Hz), 129.15 (d, *Jpc=12Hz), 132.68 (d, *Jpc=2Hz),
134.14 (d, 3Jpc=10Hz), 128.31, 129.0, 132.26 and 132.88 (ph), 164.38, 168.42
(2C=0), 168.6 (d, *Jpc=12Hz C=0), 172.44 (d, *Jpc=12Hz C=0). *'P NMR
(202.5 MHz, dg-DMSO): & 24.37.

Compound 9b. White powder; mp 157-159°C. IR (KBr) (Vmayx, cm'): 3425
(NH), 1762, 1690, 1619 (C=0). Analyses: calcd. for C34H33N,O4P: C, 68.45; H, 5.58;
N, 4.70%. Found: C, 68.3; H, 5.7; N, 4.9%. MS (m/z, %): 568 (M, 7), 105 (COPh,
100), 262 (PPhs, 74), 77 (Ph, 95)."H NMR (500 MHz, d¢-DMSO): & 0.35 (3H, d
3Jyu=7Hz, CH;), 1.32 (3H, d *Jyy=7Hz, CH;), 3.51-3.61 (2H, m, OCH,),
4.13-4.32 (2H, m, OCH.), 4.99 (1H, d, *Jpy = 16 Hz), 7.37-7.98 (20H, m, aromatic),
8.22 (1H, s, CH=0), 8.97 (1H, s, NH). '*C NMR (125.8 MHz, d¢-DMSO): & 14.34
and 14.74 (2CHs3), 40.50 (d, 'Jpc =128 Hz, C=P), 58.51, 61.99 (20CH,), 58.89 (d,
2Jpc=17Hz, CH), 126.49 (d, 'Jpc =91Hz), 129.04 (d, *Jpc=12Hz), 132.60 (d,
Joc=2Hz), 13421 (d, *Jpc=10Hz), 128.34, 129.2, 13236 and 132.71
(ph),164.37,168.40 (2C=0), 171.55 (d, 2Jpc = 12Hz C=0), 171.77 (d, *Jpc =12Hz
C=0). *'P NMR (202.5 MHz, d¢-DMSO): & 24.12.

Compound 9¢. White powder; m.p. 180-182°C. IR (KBr) (Vmax, cm ™ "): 3410
(NH), 1730, 1697, 1613 (C=0). Analyses: calcd. for C33H41N,O¢P: C, 69.92; H, 6.33;
N, 4.29%. Found: C, 70.1; H, 6.5; N, 4.4%. MS (m/z, %): 652 (M*, 15), 105 (COPh,
84), 262 (PPhs, 70), 77 (Ph, 100)."H NMR (500 MHz, d¢-DMSO): & 0.79 (9H, s,
3CHs), 1.54 (9H, s, 3CH3), 4.86 (1H, d, *Jpy = 16 Hz,), 7.33-8.03 (20H, m, aromatic),
8.23 (1H, s, CH=0), 9.05 (1H, s, NH). '3*C NMR (125.8 MHz, ds-DMSO): & 28.65
and 28.67 (6CHj), 40.10 (d, 'Jpc = 128 Hz, C=P), 59.58 (d, *Jpc = 17 Hz, CH), 78.29
and 81.80 (2C), 127.08 (d, 'Jpc=91Hz), 128.88 (d, *Jpc=12Hz), 132.47 (d,
4Upc=2Hz), 134.24 (d, *Jpc=10Hz), 128.56, 129.0, 132.33 and 132.63 (ph),
164.27, 168.27 (2C=0), 170.65 (d, *Jpc=12Hz C=0), 171.38 (d, *Jpc=12HZ
C=0). *'P NMR (202.5 MHz, d¢-DMSO): & 23.94.

ACKNOWLEDGMENTS

We gratefully acknowledge financial support from the Research Council of
Islamic Azad University of Yazd and the Islamic Azad University of Zahedan of
Iran.

REFERENCES

1. Kaboudin, B.; Nazari, R. Microwave-assisted synthesis of 1-aminoalkyl phosphonates
under solvent-free conditions. Tetrahedron Lett. 2001, 42, 8211.

2. Kim, D. Y.; Rhie, D. Y. Synthesis of a-aminoalkylphosphonates from vinyl phosphonates
via aziridinyl phosphonates. Tetrahedron 1997, 53, 13603.

3. Engel, R. Synthesis of Carbon—Phosphorus Bonds; CRC Press: Boca Raton, FL, 1988.



Downloaded by [Lulea University of Technology] at 12:34 07 August 2013

2316 A. HASSANABADI ET AL.

4.

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Corbridge, D. E. C. Phosphorus: An Outline of Chemistry, Biochemistry, and Uses, 5th ed.;
Elsevier: Amsterdam, 1995.

Cadogan, J. I. G. Organophosphorus Reagents in Organic Synthesis; Academic Press: New
York, 1979.

. Hudson, H. R. In The Chemistry of Organophosphorus Compounds, Vol. 1: Primary, Sec-

ondary and Tertiary Phosphines, Polyphosphines, and Heterocyclic Organophosphorus (111)
Compounds; F. R. Hartley (Ed.); Wiley: New York, 1990; pp. 386-472.

. Cherkasov, R. A.; Pudovik, M. A. Heterophosphacyclanes in organic synthesis. Russ.

Chem. Rev. 1994, 63, 1019.

. Pietrusiewiz, K. M.; Zablocka, M. Preparation of scalemic P-chiral phosphines and their

derivatives. Chem. Rev. 1994, 94, 1375.

. Yavari, I.; Khorramabadi-Zad, A.; Rashidi-Ranjbar, P.; Fallah-Bagher-Shaidaii, H.

Reaction between trimethyl phosphite and dimethyl acetylenedicarboxylate in the pres-
ence of 5,5-dimethylcyclohexane-1,3-dione. J. Mol Struct. ( Theochem) 1977, 155, 389.
Johnson, A. W.; Kaska, W. C.; Starzewski, A. O.; Dixon, K. D. A. Ylides and Imines of
Phosphorus; John Wiley & Sons: New York, 1993; pp. 386-387.

Aminkhani, A.; Kabiri, R.; Habibi-Khorassani, S. M.; Heydari, R.; Maghsoodlou, M. T.;
Marandi, G.; Lashkari, M.; Rostamizadeh, M. Synthesis of heterocyclic phosphonato
esters by reaction between triphenyl phosphite and acetylenic diesters in the presence of
sulfur-containing heterocyclic compounds. J. Sulfur Chem. 2009, 30, 500.

Maghsoodlou, M. T.; Heydari, R.; Hazeri, N.; Habibi-Khorasani, S. M.; Nassiri, M.;
Ghasemzadeh, M.; Salehzadeh, J.; Gharechaei, Z. Synthesis of aromatic amine phospho-
nato ester derivatives from the stereoselective reaction between triphenyl phosphite and
dimethyl acetylenedicarboxylate in the presence of derivatives of aromatic amines. Het-
eroatom. Chem. 2009, 20, 240.

Habibi-Khorassani, S. M.; Maghsoodlou, M. T.; Zakarianejad, M.; Kazemian, M. A_;
Nassiri, M.; Karimi, P. A facile synthesis of stable phosphorus ylides derived from
3,6-dibromocarbazole and kinetic investigation of the reactions by UV spectrophoto
metry technique. Heteroatom Chem. 2008, 19, 723.

Maghsoodlou, M. T.; Hazeri, N.; Habibi-Khorasani, S. M.; Marandi, G.; Saghatforoush,
L.; Saravani, D.; Akbarzadeh Torbati, N.; Rostami-Charati, F.; Khandan-Barani, K_;
Skelton, B. W.; Makha, M. Diastereoselective synthesis of chloro- and fluoro-aniline con-
taining phosphonate esters in a three-component condensation. Heteroatom Chem. 2010,
21, 222.

Rostamizadeh, M.; Maghsoodlou, M. T.; Habibi-Khorasani, S. M.; Hazeri, N.;
Sajadikhah, S.; Rostami-Charati, F.; Kazemian, M. A.; Skelton, B. W.; Makha, M. Mol-
ecular structure and theoretical studies of new stable phosphorus ylides derived from
trialkyl phosphites. Heteroatom Chem. 2010, In press.

Zakarianezhad, M.; Habibi-Khorasani, S. M.; Maghsoodlou, M. T.; Ebrahimi, A.;
Ghasempour, H. NMR study, theoretical calculations for assignment of the z- and E-iso-
mers, and kinetics investigation of stable phosphorus ylides involving a 2-mercapto-4,6-
dimethyl pyrimidine. Heteroatom Chem. 2010, 21, 462.

Yavari, 1.; Anary-Abbasinejad, M.; Hossaini, Z. Reaction between naphthols and
dimethyl acetylenedicarboxylate in the presence of phosphites: Synthesis of stable
oxa-2k5-phosphaphenanthrenes, and benzochromene derivatives. Org. Biomol. Chem.
2003, 3, 560.

Anary-Abbasinejad, M.; Ascarrian, N. Stereoselective one-pot synthesis of functionalised
phosphonates by three-component reaction between trimethyl phosphite, dialkyl acetyle-
nedicarboxylates, and aldehyde semicarbazones. J. Chem. Res. 2007, 11.



Downloaded by [Lulea University of Technology] at 12:34 07 August 2013

19.

20.

21.

22.

23.

24.

25.

26.

217.

REACTION OF DAADs AND TRIALKYL(ARYL) PHOSPHITES 2317

Anary-Abbasinejad, M.; Rostami, N.; Parhami, A.; Hassanabadi, A. Synthesis of functio-
nalised phosphonates by three-component reaction between phosphites, dialkyl acetylene-
dicarboxylates, and pyrrole, indole, or benzotriazole. J. Chem. Res. 2007, 257.
Anary-Abbasinejad, M.; Hassanabadi, A.; Anaraki-Ardakani, H. One-pot synthesis of
stable phosphite ylides by three-component reaction between acetylenic esters, aldehyde
semicarbazones, and tributyl- or triethyl phosphite. J. Chem. Res. 2007, 455.
Anary-Abbasinejad, M.; Hassanabadi, A. Stereoselective one-pot synthesis of functiona-
lized phosphonates by three-component reaction between trialkyl(aryl) phosphites,
dimethyl acetylenedicarboxylate, and indan-1,3-dione or N,N'-dimethyl barbituric acid.
J. Chem. Res. 2007, 475.

Anary-Abbasinejad, M.; Anaraki-Ardakani, H.; Dehghan, A.; Hassanabadi, A.;
Seyedmir, M. R. An effective one-pot synthesis of functionalized 3-pyrollin-2-ones by
four-component reaction between triphenylphosphine, primary amines, dimethyl acetyle-
nedicarboxylate, and ethyl chlorooxoacetate. J. Chem. Res. 2007, 574.
Anary-Abbasinejad, M.; Hassanabadi, A.; Mazraeh-Seffid, M. Study of three-component
reaction between trialkyl phosphites or triphenylphosphine, dimethyl acetylenedicarboxy-
late, and N-aryl-3-hydroxynaphthalene-2-carboxamide. J. Chem. Res. 2007, 708.
Anary-Abbasinejad, M.; Charkhati, K.; Hassanabadi, A. Stercoselective synthesis of
3-[2-(dialkoxyphosphoryl)-1,2-dialkoxycarbonyl-ethyl]-4-hydroxycoumarins by reaction
between trialkyl phosphites, dialkyl acetylenedicarboxylates, d and 4-hydroxycoumarin.
J. Chem. Res. 2009, 319.

Mosslemin, M. H.; Anary-Abbasinejad, M.; Hassanabadi, A.; Bagheri, M. A.
Three-component reaction between triphenylphosphine, dialkyl acetylene dicarboxylate,
and 4-amino-5-alkyl-2,4-dihydro-1,2,4-triazole-3-thiones: An efficient one-pot synthesis
of stable phosphorus ylides. J. Sulfur. Chem. 2010, 31, 135.

Tebby, J. C. In Phosphorus-31 NMR Spectroscopy in Stereochemical Analysis; J. C.
Verkade and L. D. Quin (Eds.); VCH: Weinheim, 1987; chap. 1, pp. 1-60.

Vedejs, E.; Snoble, K. A. J. Direct observation of oxaphosphetanes from typical Wittig
reactions. J. Am. Chem. Soc. 1973, 95, 5778.



