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Abstract—N-Vinylic phosphazenes react as enamines (1,4-addition) with azodicarboxylic esters, whereas different behavior is observed
when these phosphazenes react with dimethyl acetylenedicarboxylate (3,4-addition). A [242] cycloaddition reaction of the vinyl moiety of
vinylic phosphazenes with the acetylenic triple bond of the acetylenic esters followed by a ring opening leads to the formation of

functionalized conjugated phosphazenes.
© 2004 Elsevier Ltd. All rights reserved.

1. Introduction

Phosphazenes'? have been extensively used as useful tools
for the construction of carbon—nitrogen double bonds (Aza-
Wittig reaction)'* and they are versatile precursors of
acyclic* and heterocyclic compounds,® but as far as we
know no reaction of phosphazenes with azodicarboxylic
derivatives has been described,! and few examples of their
reaction with acetylenic derivatives such as propargylic
phosphonium salts® or acetylenedicarboxylic acid esters’
are reported.

We have previously studied the [2+2] cycloaddition
reaction of simple phosphazenes with acetylenic esters
involving a formal insertion of the triple bond into the
phosphazene linkage (1,2-addition).” However, when
P-functionalized phosphazenes such as 3-enamino phos-
phazenes I were used, the presence of a new functional
group offered new reactive centres towards the acetylenic
triple bond and the reaction may have taken place either
through the phosphazene linkage or through the enamine
moiety, depending on the reactivity of the phosphazene.
N-Aryl B-enamino phosphazenes Ia (R!=Ph) reacted with
acetylenic esters through the phosphazene group to give
conjugated phosphorus ylides IL1.3* However, when the
reactivity of the phosphazene group decreased with
the introduction of electron-withdrawing substituent in the
nitrogen atom such as N-benzoyl-®® Ib (R'=COPh) or
N-ethoxycarbonyl B-enamino phosphazenes’® 1Ib
(R'=COOR) the reaction with acetylenic esters took place
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through the enamine moiety to give functionalized
enamines ITI (Scheme 1), without altering the phosphazene
group. Following on from our previous studies on the
reactivity and the synthetic utility of phosphazenes, here, we
aim to explore the reaction of N-vinylic phosphazenes with
well known electrophilic reagents widely used in cyclo-
addition reactions® such as azodicarboxylic and acetylenic
esters, in order to test whether the introduction in the
nitrogen atom of a new functional group (a double bond)
conjugated with the phosphazene group could drive the
process through the vinyl carbon atom.
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2. Results and discussion

2.1. Reaction of N-vinylic phosphazenes with diethyl
azodicarboxylate

N-Vinylic phosphazenes 1 were easily obtained by reaction
of phosphorus ylides and nitriles.'® The treatment of
phosphazene 1 (R=Ph), derived from triphenylphosphine,
with diethyl azodicarboxylate 2 in CHCIl; at room
temperature gave functionalized hydrazino derivatives 3,
in good yields (Scheme 2, Table 1, entries 1-5).
Compounds 3 were characterized on the basis of spectro-
scopic data. A 3'P NMR spectrum of compound 3a showed
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Table 1. Conjugated phosphazenes 3 obtained

Entry Compound R! Yield (%)* Mp (°C)
1 3a 2-Pyridyl 85 149-150
2 3b Ph 80 180-181
3 3c 2-Furyl 67 59-60

4 3d 2-Thienyl 87 128-129
5 3e 3-Pyridyl 81 103-105

# Yield after purification by flash chromatography.

absorption at 8,=8.09 ppm, while '3C NMR displayed
singlets at 6c=148.2 ppm for the enamine double carbon
atom attached to the azo substituent and 6-=157.8 and
158.2 ppm for the carboxylate esters. The GC-MS
spectrometry of 3a shows the molecular ion peak (m/z
630, 24%) which is in agreement with the structure of
compounds 3. The formation of conjugated phosphazenes 3
could be explained by conjugative addition of the y-C-atom
(1,4-addition) of phosphazenes 1 to the azo moiety of
diethyl azodicarboxylate 2 in a similar way to that observed
of N-vinylic phosphazenes to simple®*¢ and unsaturated
carbonyl compounds.'! A similar way was observed when
enamines react with diethyl azodicarboxylate.'?

2.2. Reaction of N-vinylic phosphazenes with acetylenic
esters

Different behavior is observed in the reaction of N-vinylic
phosphazenes with acetylenic compounds. Treatment of
phosphazene 1a, derived from triphenylphosphine (R=Ph,
R!=2-pyridyl), with dimethyl acetylenedicarboxylate 4 in
HCClj; at room temperature gave an 1:1 adduct in good yield
(Scheme 3). This adduct was characterized on the basis of
spectroscopic data and the structure could be initially
consistent with both conjugated phosphazenes 5a or 6a.
Mass spectrometry showed the molecular ion peak (m/z 599,
50%). A 3'P NMR spectrum of adduct 5a or 6a showed
absorption at 8p=7.52 ppm, characteristic of conjugated
phosphazenes.®> 'H NMR showed absorptions in the region
of 6.45-7.60 ppm for the aromatic and the vinyl protons
and two singlets at 3.74 and 3.77 ppm for the methoxy
groups of carboxylic esters, while the '3C NMR displayed
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Scheme 3.

singlets at 6c=147.5 ppm for the enamine carbon bonded to
the nitrogen atom and at 6c=168.2 and 170.5 ppm for
carboxylate esters. However, given that the vinyl proton
signal appeared with the aromatic protons, it is not easy to
use NMR experiments (NOE, HMBC...) in order to
distinguish between both structures Sa and 6a, the
hydrolysis of the phosphazene linkage of the adduct Sa or
6a was carried out to give primary enamines 7a or 8a
(Scheme 3, Table 2, entry 4). The primary enamine obtained
(7a or 8a) shows a vinylic proton separated from the
aromatic signals which could be used to establish whether
the phenyl group in 7a or the carboxylate group in 8a is
vicinal to the vinyl proton by NMR experiments.

Table 2. Compounds 5 and 7 obtained

Entry Compound R! Yield (%)*
1 5a 2-Pyridyl 60

2 5b Ph 93P

3 5c 2-Furyl 80°

4 7a 2-Pyridyl 86¢

5 7b Ph 93°/88°
6 7c 2-Furyl 80°/79¢
7 7d 2-Thienyl 54

? Yield after purification by flash-chromatography.
b Proportion 5b/7b, 67:33.

¢ Proportion 5¢/7¢, 90:10.

9 Obtained from phosphazenes 5.

¢ Obtained from phosphazenes 10.

HMBC experiments corroborated the structure 7a and,
therefore, the formation of compound Sa with exclusion of
the other possible structure 6a. A correlation between the
olefinic proton and aromatic =CH indicated that the phenyl
group was the substituent more closely situated to the
olefinic proton. In addition, in the case of conjugated
B-enamino ester 7a the presence of an ester group would
stabilize the primary enamine, since it is known that primary
enamines are very unstable unless conjugated with an
electron-withdrawing group in the B-carbon atom.'3

The formation of conjugated phosphazene 5a (Scheme 3,
Table 2, entry 1) could be explained by [24-2] cycloaddition
reaction of the vinyl moiety of the phosphazene with the
triple carbon—carbon bond of the acetylenic ester after
redistribution of bonds in the four-membered intermediate
cycle 9, although a different cleavage of the same
intermediate 9 could also explain the formation of isomeric
6a. When the reaction was performed with phosphazenes 1b
(R'=Ph) and 1c (R'=2-furyl), not only conjugated
phosphazenes Sb,c but also primary enamines 7b,c, as
minor components (Scheme 3, Table 2, entries 2, 3, 5, and 6)
were isolated, due to the easy hydrolysis of the phospha-
zene, and in the case of phosphazene 1d (R!'=2-thienyl)
only primary enamine 7d (Scheme 3, Table 2, entry 7) was
obtained. An X-ray diffraction analysis for primary enamine
7d (R!=2-thienyl) was performed and confirmed the
structure proposed for 7d (Fig. 1).!#

In order to test whether the reaction of N-vinylic
phosphazenes with dimethyl acetylenedicarboxylate could
be driven to the phosphazene linkage in a similar way to that
observed in simple phosphazenes,'> N-vinylic phospha-
zenes 10 (R=Me), derived from trimethylphosphine were
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Figure 1. ORTEP for compound 7d.

prepared, given that it is known that the substitution in the
phosphorus atom of phosphazenes of aryl by alkyl
substituents increases the reactivity of the phosphazene in
a similar way to that observed in the isosteric phosphorus
ylides.3*41> However, a similar result was obtained when
N-vinylic phosphazenes 10 (R=Me), derived from
aliphatic phosphines, were treated with dimethyl acetylene-
dicarboxylate 4, affording in this case the enamine
derivatives 7 exclusively (Scheme 3, Table 2, entries 5
and 6), without detection of conjugated phosphazene
intermediate 11 derived from trimethylphosphine. The
higher hydrolysis sensibility to the nucleophilic attack of
water to the phosphazene derived from trimethylphosphine,
more reactive than that derived from triphenylphosphine,
could favor the formation of the primary enamine 7. As
before, the formation of conjugated enamines 7 could be
explained by [2+2] cycloaddition reaction followed by ring
opening of intermediate 9 and subsequent hydrolysis of the
unstable phosphazenes derived from trimethylphosphine 11.

3. Conclusion

In conclusion, the presence of an olefinic group in
conjugation with the phosphazene group in N-vinylic
phosphazenes opens new synthetic pathways. N-Vinylic
phosphazenes derived from triphenyl phosphine react like
enamines (1,4-addition) with diethylazodicarboxylate.
However, different behavior is observed in the reaction
with acetylenic esters. N-Vinylic phosphazenes derived
from triphenyl 1 or trimethyl phosphine 10 gave [242]
cycloaddition reaction through the vinylic double bond with
diacetylenic esters such as dimethyl acetylendicarboxylic
ester to afford conjugated phosphazenes 5§ and 11.

4. Experimental
4.1. General

Chemicals were purchased from Aldrich Chemical
Company. Solvents for extraction and chromatography
were technical grade. All solvents used in reactions were
freshly distilled from appropriate drying agents before use.
All other reagents were recrystallized or distilled as
necessary. All reactions were performed under an atmos-
phere of dry nitrogen. Analytical TLC was performed with
Merck silica gel 60 F,s4 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 Electro-
thermal IA9100 Digital Melting Point Apparatus and are
uncorrected. 'H (400, 300, 250 MHz), '3C (100, 75 MHz)
and >'P NMR (120 MHz) spectra were recorded on a Bruker
Avance 400 MHz, a Varian VXR 300 MHz and a Bruker
AC 250 MHz spectrometer using CDCl; or CD;0D
solutions with TMS as an internal reference (6=0.00 ppm)
for 'H and '3C NMR spectra and phosphoric acid (85%)
(8=0.0 ppm) for >'P NMR spectra. Chemical shifts (8) are
reported in ppm. Coupling constants (J) are reported in
Hertz. Low-resolution mass spectra (MS) were obtained at
50-70eV by electron impact (EIMS) on a Hewlett—
Packard 5971 or 5973 spectrometer. Data are reported in
the form m/z (intensity relative to base=100). Infrared
spectra (IR) were taken on a Nicolet IRFT Magna 550
spectrometer, and were obtained as solids in KBr or as neat
oils. Peaks are reported in cm™'. Elemental analyses were
performed in a LECO CHNS-932 apparatus.

4.2. General procedure for the reaction of N-vinylic
phosphazenes and diethylazodicarboxylate

To a 0 °C solution of N-vinylic phosphazene (5 mmol) in
CHCI; under a nitrogen atmosphere, diethylazodi-
carboxylate (0.8 ml, 5 mmol) was added. The mixture was
stirring at room temperature until TLC indicated the
disappearance of phosphazene. Evaporation of solvent
under reduced pressure and chromatographic purification
by flash column chromatography with hexane/AcOEt
afforded the corresponding derivatives.

4.2.1. 1,1,1,4-Tetraphenyl-3-(2-pyridyl)-2-aza-4-(N,N'-
diethoxycarbonylhydrazono)-1,A%-phosphabuta-1,3-
diene (3a). The general procedure was followed using
1,1,1,4-tetraphenyl-3-(2-pyridyl)-2-aza-1,\>-phosphabuta-
1,3-diene (2.28 g, 5 mmol) and the mixture was stirred at
room temperature for 1h. Chromatographic purification
(1:1, hexane/diethyl ether) gave 2.680 g (85%) of com-
pound 3a; mp 149-150°C (ethyl acetate); 'H NMR
(250 MHz, CDCl3): 6 1.01-1.24 (m, 6H), 1.52 (s, 1H),
4.06-4.15 (m, 4H), 6.63—-7.80 (m, 24H); '3C NMR
(75 MHz, CDCl;): 6 14.4, 14.5, 61.2, 62.0, 121.0-135.2
(m), 138.5, 148.2, 157.8, 158.2; 3'P NMR (120 MHz,
CDCl3): 6 8.09; IR (KBr) v, 3355, 1740, 1719, 1367,
MS (EI): m/z 630 (M™, 24). Anal. Calcd for C37H35N,0,4P:
C, 70.46; H, 5.59; N, 8.88. Found: C, 70.31; H, 5.52; N,
8.81.

4.2.2. 1,1,1,3,4-Penthaphenyl-2-aza-4-(N,N'-diethoxy-
carbonylhydrazono)-1,A5-phosphabuta-1,3-diene  (3b).
The general procedure was followed using 1,1,1,3,4-
pentaphenyl-2-aza-1,\>-phosphabuta-1,3-diene (2.28 g,
5 mmol) and the mixture was stirred at room temperature
for 1h. Chromatographic purification (1:1, hexane/ethyl
acetate) gave 2.517 g (80%) of compound 3b; mp 180—
181 °C (ethyl acetate); 'H NMR (250 MHz, CDCl;): §
1.03-1.24 (m, 6H), 4.00-4.12 (m, 4H), 5.82 (s, 1H), 6.73—
7.57 (m, 25H); '3C NMR (75 MHz, CDCl;): § 14.4, 14.8,
61.5,62.2, 124.0-132.6 (m), 138.0, 141.3, 156.8; 3'P NMR
(120 MHz, CDCl3): 6 3.9; IR (KBr) v, 3361, 1765, 1729,
1394; MS (EI): m/z 629 (M*, 100). Anal. Calcd for
C3gH36N304P: C, 72.48; H, 5.76; N, 6.67. Found: C, 71.99;
H, 5.70; N, 6.63.
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4.2.3. 1,1,1,4-Tetraphenyl-3-(2-furyl)-2-aza-4-(N,N'-
diethoxycarbonylhydrazono)-1,\3-phosphabuta-1,3-
diene (3c). The general procedure was followed
using 1,1,1,4-tetraphenyl-3-(2-furyl)-2-aza-1,\>-phospha-
buta-1,3-diene (2.22 g, 5 mmol) and the mixture was stirred
at room temperature for 30 min. Chromatographic purifi-
cation (4:1, hexane/diethyl ether) gave 2.076 g (67%) of
compound 3¢; mp 59-60°C (ethyl acetate); 'H NMR
(250 MHz, CDCly): 6 1.09-1.29 (m, 6H), 4.04—4.20 (m,
4H),5.50 (d, 3Jyg=2.9 Hz, 1H), 5.80 (s, 1H) 6.69-7.63 (m,
22H); 3C NMR (75 MHz, CDCly): § 14.4, 14.5,61.3, 62.1,
109.8, 110.6, 125.1-132.7 (m), 140.2, 158.0; 3'P NMR
(120 MHz, CDCl3): 6 8.56; IR (KBr) vy, 3247, 1720,
1328; MS (ED): m/z 620 (M*, 100). Anal. Calcd for
C36H34N305P: C, 69.78; H, 5.53; N, 6.78. Found: C, 70.00;
H, 5.48; N, 6.80.

4.2.4. 1,1,1,4-Tetraphenyl-3-(2-thienyl)-2-aza-4-(V,N'-
diethoxycarbonylhydrazono)-1,\3-phosphabuta-1,3-
diene (3d). The general procedure was followed using
1,1,1,4-tetraphenyl-3-(2-thienyl)-2-aza-1,\>-phosphabuta-
1,3-diene (2.30 g, 5 mmol) and the mixture was stirred at
room temperature for 30 min. Chromatographic purification
(1:1, hexane/diethyl ether) gave 2.765 g (87%) of com-
pound 3d; mp 128-129 °C (ethyl acetate); 'H NMR
(250 MHz, CDCl;): 6 1.06—1.30 (m, 6H), 4.06—4.18 (m,
4H), 6.26—7.63 (m, 23H), 8.25 (s, 1H); '*C NMR (75 MHz,
CDCl): 6 14.5, 14.7, 62.1, 62.3, 124.6—132.6 (m), 138.5,
142.6, 156.0, 156.7; 3'P NMR (120 MHz, CDCl3): § 4.51;
IR (KBr) vpax 3356, 1725, 1723, 1335; MS (EI): m/z 636
(M, 10). Anal. Calcd for C3H34N304PS: C, 68.02; H,
5.39; N, 6.61. Found: C, 67.89; H, 5.32; N, 6.59.

4.2.5. 1,1,1,4-Tetraphenyl-3-(3-pyridyl)-2-aza-4-(N,N'-
diethoxycarbonylhydrazono)-1,\3-phosphabuta-1,3-
diene (3e). The general procedure was followed using
1,1,1,4-tetraphenyl-3-(3-pyridyl)-2-aza-1,\3-phosphabuta-
1,3-diene (2.28 g, 5 mmol) and the mixture was stirred at
room temperature for 3 h. Chromatographic purification
(1:10, hexane/diethyl ether) gave 2.552 g (81%) of com-
pound 3e; mp 103-105°C (ethyl acetate); 'H NMR
(250 MHz, CDCl3): 6 1.11-1.25 (m, 6H), 1.75 (s, 1H),
4.00-4.12 (m, 4H), 6.51-7.56 (m, 22H) 8.05-8.18 (m,
2H); '3C NMR (75 MHz, CDCl;): § 14.2, 14.3, 61.6, 62.1,
122.5, 127.2-132.4 (m), 137.0, 141.8, 147.1, 149.0, 157.2;
3P NMR (120 MHz, CDCls): 8 4.55; IR (KBr) v, 3361,
1767, 1716, 1329; MS (EI): m/z 630 (M, 43). Anal. Calcd
for C57H35sN,O4P: C, 70.46; H, 5.59; N, 8.88. Found: C,
70.36; H, 5.51; N, 8.86.

4.3. General procedure for the reaction of phosphazenes
1, 10 and acetylenic ester 4

To a solution of phosphazene 1 or 10 (5 mmol) in
chloroform (20 ml) was added dimethyl acetylendi-
carboxylate (0.67 ml, 5 mmol), and the mixture was stirred
at room temperature in an atmosphere of nitrogen until TLC
indicated the disappearance of phosphazene. Evaporation of
solvent under reduced pressure afforded an oil that was
chromatographied on silica gel to give compounds 5 and/or 7.

4.3.1. 4,5-Bis(methoxycarbonyl)-1,1,1,6-tetraphenyl-3-
(2-pyridyl)-2-aza-1,A5-phosphahexa-1,3,5-triene  (5a).

The general procedure was followed using 1,1,1,4-tetra-
phenyl-3-(2-pyridyl)-2-aza-1,\>-phosphabuta-1,3-diene 1a
(2.28 g) for 20 h. Chromatographic separation (1:1, hexane/
ethyl acetate) gave S5a (1.80 g, 60%) as a yellow solid; mp
171-172 °C (hexane/dichloromethane); 'H NMR
(300 MHz, CDCl3): 6 3.74 (s, 3H), 3.77 (s, 3H), 6.45-
6.97 (m, 3H), 7.18 (s, 1H), 7.20-7.60 (m, 21H); '3C NMR
(75 MHz, CDCl3): 6 50.7, 53.0, 122.0 (d, Jpc=75 Hz),
127.8—134.4 (m), 136.4, 139.7, 147.5, 157.6, 162.3, 168.2,
170.5; 3'"P NMR (120 MHz, CDCl5): § 7.52; IR (KBI) Vmax
1694, 1241. MS (ED: m/z 599 (M*, 50). Anal. Calcd for
C57H;31N,O4P: C, 74.24; H, 5.22; N, 4.68. Found: C, 74.33;
H, 5.28; N, 4.63.

4.3.2. 1-Amino-2,3-dimethoxycarbonyl-4-phenyl-1-(2-
pyridyl)buta-1,3-diene (7a). To a solution of phosphazene
5a (1 mmol) in toluene (20 ml), HC1 6 N (2 ml) was added
and the mixture was stirred at reflux temperature under inert
atmosphere. The reaction was monitored by 3'P NMR and
after 24 h the total disappearance of phosphazene was
observed. Evaporation under reduced pressure afforded a
solid which was chromatographied (5:1, hexane/ethyl
acetate) giving 7a (0.29 g, 86%) as a yellow solid; mp
137-138 °C (hexane/dichloromethane). 'H NMR
(400 MHz, CDCl3): 6 3.52 (s, 3H), 3.94 (s, 9H), 7.29-
7.48 (m, 7H), 7.60 (s, 2H), 7.72 (dd, J=4.2, 1.7 Hz, 1H),
8.81 (d, J/=8.5, 1.7 Hz, 1H); '3C NMR (100 MHz, CDCl5):
0 51.7, 52.0, 101.4, 123.9-149.1 (m), 167.7, 169.4.; IR
(KBr1) vmax 3456, 3330, 1732, 1679, 1235. MS (EI): m/z 338
(M™, 15). Anal. Calcd for C;oHgN,O,: C, 67.44; H, 5.36;
N, 8.28. Found: C, 67.33; H, 5.28; N, 8.43.

4.3.3. 4,5-Bis(methoxycarbonyl)-1,1,1,3,6-pentaphenyl-
2-aza-1,\5-phosphahexa-1,3,5-triene (5b) and 1-amino-
2,3-dimethoxycarbonyl-1,4-diphenyl-buta-1,3-diene
(7b). The general procedure was followed using 1,1,1,3,4-
pentaphenyl-2-aza-1,\>-phosphabuta-1,3-diene 1b (2.28 g)
for 7.5 h. Chromatographic separation (5:1, hexane/ethyl
acetate) gave Sb (1.67 g, 56%) as a yellow solid; mp 107-
108 °C (hexane/dichloromethane) and 7b (0.62 g, 37%) as a
yellow solid; mp 120-121 °C (hexane/dichloromethane).
For compound 5b: 'H NMR (300 MHz, CDCl5): & 3.33 (s,
3H), 3.81 (s, 3H), 6.75-7.83 (m, 26H); '3C NMR (75 MHz,
CDCl3): 650.4,52.0, 126.2—-132.8 (m), 137.1, 138.4, 142.7,
168.1, 170.2; 3'P NMR (120 MHz, CDCl;): § 7.78; IR
(KBr) vpax 1705, 1407; MS (EI): m/z 597 (M, 100). Anal.
Calcd for: C3gH3,NO,4P: C, 76.37; H, 5.40; N, 2.34. Found:
C, 76.33; H, 5.38; N, 2.33. For 7b: 'H NMR (300 MHz,
CDCl;): 6 3.65 (s, 3H), 3.73 (s, 3H), 4.75 (s, 2H, NH;),
6.86—7.26 (m, 11H); '3C NMR (75 MHz, CDCl5): § 50.9,
52.0,91.4, 127.0-140.5 (m), 161.1, 169.9, 170.1; IR (KBr)
Vimax 3424, 1710, 1690; MS (EI): m/z 337 (M, 100). Anal.
Calcd for C,o0H{9NOy4: C, 71.20; H, 5.68; N, 4.15; Found: C,
71.33; H, 5.70; N, 4.13.

When the general procedure was followed using 1,1,1-
trimethyl-3,4-phenyl-2-aza-1,\>-phosphabuta-1,3-diene
10b (5 mmol) generated ‘in situ’,”® the mixture was stirred
at room temperature for 3 h. Chromatographic separation
(5:1, hexane/ethyl acetate) gave 7b (1.47 g, 88%).

4.3.4. 4,5-Bis(methoxycarbonyl)-3-(2-furyl)-1,1,1,6-tet-
raphenyl-2-aza-1,A\5-phosphahexa-1,3,5-triene (5¢) and
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1-amino-2,3-dimethoxycarbonyl-1-(2-furyl)-4-phenyl-
buta-1,3-diene (7c). The general procedure was followed
using 1,1,1,4-tetraphenyl-3-(2-furyl)-2-aza-1,\>-phospha-
buta-1,3-diene 1c (2.22 g) for 18 h. Chromatographic
separation (5:1, hexane/ethyl acetate) gave Sc (2.05 g,
70%) as a yellow solid; mp 128—129 °C (hexane/dichloro-
methane) and 7¢ (0.16 g, 10%) as a yellow solid; mp 143 -
144 °C (hexane/dichloromethane). For compound S5¢: 'H
NMR (300 MHz, CDCl5): 6 3.35 (s, 3H), 3.61 (s, 3H), 5.90
(s, 2H), 6.82 (s, 1H), 7.22-7.74 (m, 21H); '3C NMR
(75 MHz, CDCl5): 6 50.7, 51.9, 109.3, 110.3, 128.0—-140.4
(m), 152.4, 168.0, 170.0; 3'P NMR (120 MHz, CDCly): §
8.59; IR (KBr) vpax 1694, 1406; MS (EI): m/z 587 (M,
100). Anal. Calcd for C3¢H3gNOsP: C, 73.58; H, 5.15; N,
2.38. Found: C, 73.53; H, 5.18; N, 2.33. For compound 7c:
'H NMR (300 MHz, CDCl3): & 3.54 (s, 3H), 3.72 (s, 3H),
6.33 (dd, Jyu=1.7, 3.5 Hz, 1H), 6.69 (d, Jyp=3.5 Hz, 1H),
7.25-7.77 (m, 9H); 3C NMR (75 MHz, CDCl;): & 50.7,
51.9,109.3,110.3, 128.0-148.1 (m), 169.5, 169.8; IR (KBr)
Vmax 3509, 1705, 1665; MS (EI): m/z 327 (M™, 100). Anal.
Calcd for C13H7NOs: C, 66.05; H, 5.23; N, 4.28. Found: C,
66.10; H, 5.20; N, 4.20.

When the general procedure was followed using 1,1,1-
trimethyl-4-phenyl-3-(2-furyl)-2-aza-1,\>-phosphabuta-
1,3-diene 10¢ (5 mmol) generated in situ,’® the mixture was
stirred at room temperature for 2h. Chromatographic
separation (5:1, hexane/ethyl acetate) gave 7c¢ (1.29 g,
79%).

4.3.5. 1-Amino-2,3-dimethoxycarbonyl-4-phenyl-1-(2-
thienyl)buta-1,3-diene (7d). The general procedure was
followed using 1,1,1,4-tetraphenyl-3-(2-thienyl)-2-aza-
1,\5-phosphabuta-1,3-diene 1d (2.30g) for 22.5h.
Chromatographic separation (5:1, hexane/ethyl acetate)
gave 7d (0.93 g, 54%) as a brown solid; mp 122-124 °C
(hexane/dichloromethane); '"H NMR (300 MHz, CDCl5): &
3.60 (s, 3H), 3.72 (s, 3H), 6.80—7.49 (m, 11H); '3C NMR
(75 MHz, CDCl3): 6 51.1, 52.2, 92.4, 126.8—141.7 (m),
153.4, 169.6, 169.8; IR (KBr) v« 3425, 1711, 1680; MS
(ED): m/z 343 (M™, 100). Anal. Calcd for C,gH,;7NO,S: C,
62.96; H, 4.99; N, 4.08. Found: C, 63.02; H, 5.00; N, 4.10.
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