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dole, 5-bromoisatine, 3-nitroacetanilide, saccharin,
5,5-dimethylhydantoin, 2-nitroaniline, 4-nitroaniline,
benzophenon hydrazine, and anthranilic acid led to
the formation of phosphonato esters in high vyield.
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INTRODUCTION

Heterocyclic systems with oxygen, nitrogen, sulfur,
and other heteroatoms in five- and six-membered
rings, and also phosphorus compounds, are of in-
terest due to their pharmaceutical and biological
activities such as anti-inflammatory, cardiotonic,
inotropic, antihypertensive, antimicrobial, and an-
tibacterial properties [1-15]. Numerous studies have
been previously reported using the reaction be-
tween trivalent phosphorus nucleophiles and defi-
cient carbonyl compounds, in the presence of a pro-
ton source, such as CH, NH, OH, or SH compounds
[16-30].

Continuing a series of investigations made on
the development of organophosphorus heterocyclic
compound synthesis [22-30], we now describe a one-
pot synthesis of heterocyclic and aromatic phos-
phonato ester derivatives 4a-f, 5a-g, and 7, using
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triphenyl or trialkyl phosphite 1 and acetylenic di-
esters 2 in the presence of NH heterocyclic or aro-
matic compounds 3 and6.

RESULTS AND DISCUSSION

The aim of this work was to undertake the reac-
tions between triphenyl or ethyl phosphite 1 and
acetylenic diesters 2 in the presence of heterocyclic
or aromatic NH compounds 3 in appropriate sol-
vents. These reactions preceded smoothly at room
temperature and were completed within 2-48 h and
resulted in high yields. TLC monitoring and 'H NMR
spectra of the crude products clearly indicated for-
mation of phosphonate esters 4 (see Schemes 1
and 2).

The essential structures of the products 4a—f, 5a—
f, and 7 were deduced from elemental analysis, IR,

'H, 13C, and 3P NMR, and mass spectra. The mass
spectra of these compounds displayed molecular ion
peaks at appropriate 7/z values, in addition to molec-
ular fragmentation peaks involving the loss of the
ester and phenoxy or alkoxy moieties. No products
other than 4a-f, 5a-f, and 7 could be detected by
NMR spectroscopy.

The '"H NMR spectra of 4a showed two singlets
(at § = 3.75 and 3.87 ppm) for methoxy protons, an
AB quartet (§ = 3.97, 2Juyy = 17.3 Hz) for the methy-
lene group and a multiplet (§ = 7.10-7.37 ppm) for
aromatic protons. In addition, two doublet of dou-
blets were observed for the vicinal methine protons
of 4a (§ = 4.45, 3Juyy = 11.5, 2Jyp = 21.1 Hz, and
8 = 5.87, 3Jyn = 11.5, 3Jyp = 4.8 Hz), respectively.
The vicinal proton-proton coupling constant (3Jyy)
can be obtained from the Karplus equation as a func-
tion of the torsion angle [31-35]. Typically Jeuuche
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(2R, 3R)-4a or (28, 35)-4a (28, 3R)-4a or (2R, 35)-4a

SCHEME 3

and J,,; configurations give rise to distinct coupling
constants, which vary between 1.5-5 and 10-14 Hz,
respectively [31-35]. The observation of 3Jy; = 11.5
Hz for the vicinal methine protons in compound
4a confirms an anti arrangement for these protons.
Since compounds possess two stereogenic centers,
two diastereoisomers [(2R, 3R)-4 or (2S, 3S)-4 and
(2S,3R)-4 or (2R, 3S)-4] with an anti HCCH arrange-
ment are possible (Scheme 3). In addition, com-
pound 4d showed two broad peaks for vicinal me-
thine protons (P-CH-CH), such that we were unable
to recognize the configuration of these protons.

The presence of phosphorus (*!P) nucleus in the
compounds 4 assist in identifying their configura-
tion by analysis of the long-range spin-spin coupling
signals of phosphorus (3'P) nucleus with the neigh-
boring protons (!H) and carbon (*C) nuclei (see the
Experimental section).

The carbon-phosphorus three bond range cou-
pling constant 3J¢p is associated with the anti or cis
configuration (transoid coupling being larger than
cisoid coupling) [31]. The Karplus relationship can
be derived from the literature data for organophos-
phorus compounds with tetra- or pentavalent phos-
phorus environments [32]. The observation of
3Jep = 19.1 Hz at § = 166.28 ppm for the ester
carbonyl group of compounds 4a is in agreement
with an anti-arrangement along the P-CH-CH-CO
bond. This assignment was reinforced in 4a with
the smaller coupling of the phosphorus to the prox-
imal ester carbon group, ?Je; = 8.1 Hz at § =
165.18 ppm.

In a series of other experiments, from reactions
between triphenyl phosphite and acetylenic diesters
in the presence of 2-nitroaniline, 4-nitroaniline, an-
thranilic acid, o-trifluoromethylaniline, diphenylhy-
drazone, or 5,5-dimethylhydantoin, the hitherto un-
known butanedioates 5 and 7 were generated in
91-95% vyield. All compounds are stable, with the
proposed structures being fully supported by ele-
mental analyses and IR, 'H, *C, and *'P NMR, and
mass spectroscopy data. The mass spectra of these

1:1:1 adducts displayed fairly weak molecular ion
peaks (Scheme 4).

When the reaction between triphenyl phos-
phite and acetylenic esters in the presence of 2-
nitroaniline was conducted, only one diastereoiso-
mer was obtained for compounds 5 (a,b, €, and f),
since compounds 5 (¢,d, and g) and 7 consist of a
mixture of two diastereoisomers (see the Experimen-
tal section).

The observation of *Jyy = 3.6 and 3.7 Hz for the
vicinal protons in compounds 5a and 5b confirms a
gauche-arrangement for these protons, respectively.
Since compounds 5a and 5b possess two stereogenic
centers, two diastereoisomers, [(2R, 3R) or (25, 3S)]
and [2R, 3S) or (2S, 3R)] with a gauche HCCH ar-
rangement are possible (Scheme 5). For example,
the '"H NMR spectrum of 5¢ displays double doublets
and a double doublets of doublets for the vicinal pro-
tons of the major isomer and also a double doublets
and a multiplet for the vicinal protons of the minor
isomer: (8 = 4.22, 3Jgu = 3.6, 2Jyp = 25.4 Hz, and
§ = 496, 3JHH = 36, 3JHP = 7.7 HZ) and (8 =
4.10, *Jyg = 5.1, 2Jyp = 24.4 Hz, and § = 5.10),
respectively.

In addition, two diastereoisomers in compound
7 with anti and gauche HCCH arrangement are pos-
sible (Scheme 6 and 7). Attempts to separate the ma-
jor and the minor compounds 5 (¢, d, and g) and
7 were unsuccessful. Single-crystal X-ray diffraction
was used to authenticate the structure of compound
5e (Fig. 1). Prismatic colorless crystals of 5e were
prepared by slow evaporation of a saturated solu-
tion of dichloromethane.

On the basis of the proposed mechanism in the
literature [36-40], it is reasonable to assume that
the heterocyclic phosphonato ester 4 results from
the initial addition of triphenyl phosphite 1 to the
acetylenic ester 2 (1:1 adduct or zwitterionic A),
with subsequent protonation of the 1:1 adduct by
the NH compound 3 to generate the intermediate
phosphonium ion B, which was followed by q re-
action with the conjugate base (Z~) to produce the
ylide C. It is converted to D in the presence of
moisture and with subsequent loss of PhOH (see
Scheme 8).

In conclusion, the reaction between triphenyl
or triethyl phosphite and acetylenic esters in the
presence of NH compounds, such as thiazolidine-
2,4-dione, 2-methyl indole, 5-bromoisatine, 3-
nitroacetanilide, saccharin, 5,5-dimethylhydantoin,
2-nitroaniline, 4-nitroaniline, benzophenon hy-
drazine, and anthranilic acid, provides a simple one-
pot entry into the synthesis of stable phosphonato es-
ters of potential interest. The present procedure has
the advantage that not only is the reaction performed

Heteroatom Chemistry DOl 10.1002/hc
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under neutral conditions but also the substances can
be mixed without any activation or modifications.

EXPERIMENTAL

Melting points and IR spectra were measured on
an Electrothermal 9100 apparatus (England) and
a JASCO FT-IR 460 plus spectrometer (Japan),
respectively. The 'H, 3C, and 3P NMR spectra
were recorded on a Bruker DRX-300 and 400

Heteroatom Chemistry DOl 10.1002/hc

Avance instrument (Germany) with CDCl; as a
solvent at 400.1, 100.6, and 161.9 MHz, respec-
tively. Elemental analyses for C, H, and N were
performed using a Heraeus CHN-O-Rapid analyzer
(Germany). The mass spectra were recorded on
a Shimadzu GCMS-QP5050A (Japan) mass spec-
trometer operating at an ionization potential of
70 eV. Triphenyl phosphite, dialkyl acetylendicar-
boxylate, thiazolidine-2,4-dione, 2-methyl indole,
5-bromoisatine, 3-nitroacetanilide, saccharin, 5,5-
dimethylhydantoin, 2-nitroaniline, 4-nitroaniline,
benzophenon hydrazine, and anthranilic acid were
purchased from Merck (Darmstadt, Germany),
Fluka (Buchs, Switzerland), and Acros (Geel, Bel-
gium), and used without further purifications.

General Procedure (Exemplified by 4a)

To a stirred solution of thiazolidine-2,4-dione (1
mmol) and dimethyl acetylendicarboxylate (1 mmol)
in 10 mL diethyl ether, a mixture of triphenyl phos-
phite (1 mmol) in 5 mL diethyl ether was added drop
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wise at —5°C over 10 min. The mixture was then
allowed to warm up to room temperature and was
stirred for 5 h. The solvent was removed under re-
duced pressure, and the residue was washed by di-
ethyl ether (2x3) mL to afford the pure product.

(2R, 3S)-Dimethyl 2-(2,4-thiazolindione-N-yl)-3-
(diphenoxyphosphoryl)butandioate (4a)

White powder; yield: 97% (0.48 g), mp = 85-88°C.
IR (KBr) (Wmax, cm™'): 1766, 1745, and 1690 (C=0),
1288 (P=0). MS (m/z, %): 493 (M*, 1), 462 (4), 434
(1), 400 (100), 376 (7), 346 (4), 285 (30), 94 (16), 77
(51). Anal. Calcd for C,;H,0NOoPS (493.42): C, 51.12;
H, 4.09; N, 2.84. Found: C, 51.25; H, 4.03; N, 2.93.
'H NMR (400.1 MHz, CDCL;): 84 3.75 and 3.87
(6H, 2s, 2 OCH;), 3.97, (AB quartet 2Jyy = 17.3 Hz,
SCH,CO), 4.45 (1H, dd, 3Jyy = 11.5, 2Jpy = 21.1 Hz,

R'O,C PO(OPh
N (OPh),
N COLR'
A SB
H.C” N O R'=Me
3 H 7

With major (67%) and minor (33%) diastereoisomers

FIGURE 1
the 50% probability level. Hydrogen atoms have been drawn
with arbitrary radii.

Crystal structure of 5e with ellipsoids depicted at

PCHCH), 5.87 (1H, dd, 3JHH = 115, 3JPH =438 HZ,
PCHCH), 7.10-7.37 (10H, m, 20Ph).

13C NMR (100.6 MHz, CDCly): 8 32.51 (s,
SCH,CO), 42.43 (d, 'Jpc = 133.8 Hz, PCHCH), 50.64
(d, 2Jpc = 4.2 Hz, PCHCH), 52.35 and 52.66 (2s,
20CH3;), 119.24 (d, 3Jpc = 4.4 Hz, 2Co10), 119.50 (d,
*Jec = 4.2 Hz, 2Cyho), 124.67 and 124.80 (2s, 2C,.10),

CO:R . COR . COR
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128.81 and 128.84 (2s, 4Cynera), 148.25 (d, 2Jpc = 10.2
Hz, Cips), 148.80 (d, *Jpc = 8.5 Hz, Cyy), 165.18 (d,
2Jec = 8.1 Hz, CO), 166.28 (d, *Jpc = 19.1 Hz, CO),
167.88 (s, NCO), 169.73 (s, SCON). *'P NMR (161.9
MHz, CDCls): 8p 9.44.

(2R, 3S)-Dimethyl 2-(2,4-thiazolindione-N-yl)-3-
(diphenoxyphosphoryl)butandioate (4b)

White powder; yield: 94% (0.49 g), mp = 103.5-
106°C. IR (KBr) (Vmax, cm™'): 1749 and 1696 (C=0),
1273 (P=0). MS (m/z, %): 522 (M* +1, 3), 521 (M*,
1), 476 (10), 428 (100), 380 (19), 311 (60), 297 (2),
255 (94), 227 (5), 94 (26), 77 (58). Anal. Calcd for
Cy3HuNOGPS (521.48): C, 52.97; H, 4.64; N, 2.69.
Found: C, 53.08; H, 4.59; N, 2.74.

"H NMR (400.1 MHz, CDCL): 8y 1.27 (3H, t,
3Jun = 7.1 Hz, OCH,CH,), 1.35 (3H, t, *Juy = 7.1
Hz, OCH,CH;), 3.96-4.04 (2H, m, SCH,CO), 4.16—
4.34 (3H, m, OCH,CH,), 4.36 (1H, q, *Jyy = 7.1 Hz,
OCH,CH3;), 4.45 (1H, dd, *Jyy = 11.5, 2Jpy = 21.1 Hz,
PCHCH), 5.87 (1H, dd, 3Juy = 11.5, 3Jpy = 4.7 Hz,
PCHCH), 7.14-7.36 (10H, m, 20Ph).

13C NMR (100.6 MHz, CDCl;): 85 13.96 and 14.00
(2s,2 OCH,CH3), 33.57 (s, SCH,CO), 43.71 (d, ' Jpc =
133.1 Hz, PCHCH), 51.86 (d, Jpc = 4.5 Hz, PCHCH)),
62.52 and 63.03 (2s, 20CH,CHj3;), 120.33 (d, 3Jpc =
4.3 Hz, 2Couno), 120.61 (d, 3Jpc = 4.3 Hz, 2Cuupo),
125.64 and 125.77 (2s, 2Cpya), 129.85 and 129.87 (2s,
4Cpew), 149.41 (d, 2Jpc = 10.3 Hz, Cy,s.), 150.00 (d,
2Jpc = 8.5 Hz, Ciys), 165.72 (d, 2Jpc = 7.9 Hz, CO),
166.74 (d, *Jpc = 19.1 Hz, CO), 170.53 (br s, NCO),
170.85 (s, SCON). *'P NMR (161.9 MHz, CDCl;): 8
9.81.

(2S, 3R)-Dimethyl 2-(2-methyl-1H-indol-3-yl)-3-
(diphenoxyphosphoryl)butandioate (4c)

Brown viscous oil; yield: 90% (0.46 g), IR (in CCl,)
(Vmax, cm™1): 3309 (NH), 1743 and 1691 (C=0), 1254
(P=0). MS (m/z, %): 507 (M*, 3), 475 (1), 411 (7),
376 (2), 351 (1), 326 (88), 94 (100). Anal. Calcd
for C,;H,,NO,P (507.47): C, 63.90; H, 5.16; N, 2.76.
Found: C, 63.84; H, 5.11; N, 2.84.

'"H NMR (400.1 MHz, CDCl;): 8y 2.38 (3H, s,
CHs;), 3.60 and 3.80 (6H, 2s, 20CH;), 4.56 (1H, dd,
3 Jum = 11.9, 2Jpy = 22.5 Hz, PCHCH), 4.93 (1H, * /3
=11.9, 3Jpy = 9.4 Hz, PCHCH), 6.50-7.72 (14H, m,
2 OPh and 4 CH,,,..).

13C NMR (100.6 MHz, CDCl;): 6c 11.93 (s, -CH,),
41.86 (d, 2Jpc = 4.0 Hz, PCHCH), 47.23 (d, 'Jpc =
136.9 Hz, PCHCH), 52.60 and 53.10 (2s, 20CH,),
118.42 and 119.72 (2CH,om), 119.75 (d, 3Jpc = 4.8
Hz, 2C,uho), 120.13 (d, 3Jpc = 4.8 Hz, 2Cono), 120.24,
120.72, 123.71 and 124.88 (2CH and 3C,.om), 125.22
and 125.24 (2s, 2Cpun), 126.61 (Cuom), 129.43 and

Heteroatom Chemistry DOl 10.1002/hc

129.47 (2s, 4Cpnera), 149.78 and 152.59 (2d, 2Jpc = 9.1
Hz, 2Ci), 152.65 (Cyrom), 168.66 (d, Jpc = 5.0 Hz,
CO), 172.69 (d, *Jpc = 22.8 Hz, CO). *'P NMR (161.9
MHz, CDCl;): 8p 13.42.

(2R, 3S)-Dimethyl 2-(5-bromo-2,3-dioxoindolin-
1-yl)-3-(diphenoxyphosphoryl)butandioate (4d)

Brown viscous oil; yield: 93% (0.56 g), IR (in CCl,)
(Vmax, cm~1): 1750 and 1609 (C=0), 1235 (P=0). MS
(mlz, %): 604 (M*+2, 5), 603 (M*+ +1, 3), 602 (M™,
5), 510 (72), 508 (67), 377 (8), 349 (8), 285 (25), 250
(91), 94 (100), 77 (78). Anal. Calcd for CysHy BrNOoP
(602.32): C, 51.85; H, 3.51; N, 2.33. Found: C, 51.96;
H, 3.44; N, 2.19.

"H NMR (400.1 MHz, CDCl;): 84 3.75 and 3.88
(6H, 2s, 2 OCH;), 5.33 and 6.53 (2H, 2 br s,
PCHCH and PCHCH), 6.56-7.63 (13H, m, 20Ph and
3CH.rom)-

13C NMR (100.6 MHz, CDCl5): §c 42.11 (d, 'Jpc =
133.7Hz, PCHCH), 48.16 (d, 2Jpc = 5.3 Hz, PCHCH)),
53.54 and 53.87 (2s, 20CHs;), 117.03 and 119.27 (2s,
2CH,om), 120.15 (d, 3Jpc = 4.8 Hz, 2Couno), 120.26
(d, 3Jc = 4.8 Hz, 2Cono), 124.00 (s, 2Cpura), 125.70
and 125.82 (2s, CH and C,.), 125.22 and 125.24
(2s, 2Cpara), 126.61 (Cyom), 129.45 and 129.53 (2s,
4Cpen), 129.94 (s, Cyom), 149.13 (d, 2Jpc = 9.3 Hz,
Cipso), 151.28 (d, *Jpc = 9.1 Hz, Ci,,), 156.00 (CO),
167.85 (d, 2Jpc = 7.5 Hz, CO), 168.14 (d, *Jpe = 21.5
Hz, CO), 180.12 (CO). *'P NMR (161.9 MHz, CDCl;):
8p 10.05.

(2S, 3R)-Dimethyl 2-[N-(3-nitrophenyl)acetam-
ido]-3-(diethoxyphosphoryl)butandioate (4e)

Yellow crystalline; yield: 91% (0.42 g), mp = 126-
129°C. IR (KBr) (v, cm™'): 1740 and 1734 (C=0),
1229 (P=0). MS (7, %): 461 (M* +1, 4), 460 (M,
1), 429 (3), 414 (2), 400 (4), 359 (82), 281 (26), 265
(3), 235 (13), 221 (100) Anal. Calcd for C18H25N2010P
(460.37): C, 46.96; H, 5.47; N, 6.08. Found: C, 46.89;
H, 5.51; N, 6.13.

'H NMR (400.1 MHz, CDCL;): 84 1.16 and 1.25
(6H, 2t, *Jun = 7.1 Hz, 20CH,CH;), 1.93 (3H, s,
NCOCH;), 3.79 and 3.82 (6H, 2s, 20CH;), 3.97-4.17
(4H, 2m, 2ABX; system, 20CH,CH;), 4.44 (1H, dd,
3Jun = 10.0, 2Jpy = 20.7 Hz, PCHCH), 4.81 (1H, dd,
3Juu = 10.0, 3Jpy = 4.4 Hz, PCHCH), 6.64 (1H, t, J =
8.1 Hz, CH), 8.07 (1H, d, J = 7.9 Hz, CH), 8.24 (1H,
dd, J =8.2and 1.6 Hz, CH), 8.53 (1H, t, J = 2.0 Hz,
CH).

13C NMR (100.6 MHz, CDCL): 8. 15.74 (d,
3Jpc = 6.3 Hz, POCH,CHS,), 15.84 (d, 3Jpc = 6.4 Hz,
POCH,CH,;), 22.60 (s, NCOCH,;), 44.78 (d, 'Jpc =
130.0 Hz, PCHCH), 51.89 (d, 2Jpc = 6.3 Hz, PCHCH),
52.63 and 53.00 (2s, 20CH,), 62.70 (d, 2Jpc = 7.1 Hz,
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POCH2CH3), 63.25 (d, ZJPC =64 HZ, POCH2CH3),
112.56, 123.19, 129.84, 134.28, 144.82 and 148.38
(6s, CH and C,.,m), 167.90 (d, 2Jpc = 6.9 Hz, CO),
169.46 (d, 3Jpc = 18.1 Hz, CO), 171.10 (NCO). 3'P
NMR (161.9 MHz, CDCl;): 6 17.80.

(2S, 3R)-Dimethyl 2-(1,2-dihydro-11°-benzol[d]-
isothiazol-3-one-2-yl)-3-(dimethoxyphosphoryl)
butandioate (4f)

White powder; yield: 94% (0.41 g), mp = 125-127°C.
IR (KBr) (Vmax, cm™'): 1738 and 1721 (C=0), 1259
(P=0). MS (m/z, %): 436 (M +1, 3), 435 (M*, 2), 404
(9), 376 (73), 221 (76), 193 (100), 109 (95), 59 (24).
Anal. Calcd for (435.34): C;sHsNO,,PS: C, 41.38; H,
4.17; N, 3.22. Found: C, 41.23;: H, 4.10; N, 3.31.

"H NMR (400.1 MHz, CDCl,): 8 3.71-3.86 (12H,
m, 40CH;), 4.40 (1H, dd, *Jyy = 11.4,2Jpy =21.1 Hz,
PCHCH), 5.53 (1H, dd, 3Jyy = 11.4, 2Jpy = 7.3 Hz,
PCHCH), 7.82-8.11 (4H, m, CH,,,).

13C NMR (100.6 MHz, CDCl;): 8c 43.49 (d, ' Jpc =
129.7 Hz, PCHCH), 50.82 (d, 2Jpc = 4.6 Hz, PCHCH),
53.18, 53.45, 53.54 and 53.72 (4s, 40CH,;), 121.09,
125.51, 126.71, 134.41, 135.10, and 137.90 (6s, CH
and C,.om), 159.40 (s, SCON), 167.34 (d, 2Jpc = 7.2
Hz, CO), 167.56 (d, 3Jpc = 7.5 Hz, CO). 3'P NMR
(161.9 MHz, CDCl,): 6 18.57.

(2R, 3R)-Dimethyl 2-(2-nitrophenylamino)-3-
(diphenoxyphosphoryl)butandioate (5a)

Yellow powder; yield: 95% (0.49 g), mp = 97-100°C.
IR (KBr) (vpma, cm™'): 3339 (NH), 1731 and 1711
(C=0), 1282 (P=0). MS (m/z, %): 514 (M*, 11), 455
(59), 423 (47), 376 (29), 317 (21), 283 (76), 223 (83),
138 (100), 92 (43), 77 (64), 65 (69). Anal. Calcd for
CH,3N,O0P (514.42): C, 56.04; H, 4.51; N, 5.45.
Found: C, 55.98; H, 4.42; N, 5.61.

'"H NMR (300.1 MHz, CDCl;): 84 3.59 and 3.72
(6H, 2s, 20CH,), 4.28 (1H, dd, 3Juy = 3.6, 2Jpy =
25.5 Hz, PCHCH), 5.15 (1H, ddd, 3Jyy = 3.6, 3Jpu =
8.0, 3Jyn = 10.5 Hz, PCHCH), 6.71 (1H, dt, Jyy =
1.2, Jug = 7.6 Hz, CH,,,r), 6.94-7.44 (12H, m, 20Ph
and 2CH,om), 8.10 (1H, dd, Juy = 1.5, Juy = 8.5 Hz,
CH.iom), 9.12 (1H, d, Jyg = 10.5 Hz, NH).

13C NMR (75.5 MHz, CDCl;): §c 47.05 (d, 'Jpc
= 136.2 Hz, PCHCH), 53.39 and 53.53 (2s, 20CHs),
53.80 (d, 2Jpc = 3.1 Hz, PCHCH), 114.71 and 117.03
(2s, 2CH,om), 120.00 (d, 3Jep = 4.8 Hz, 2CH o),
120.71 (d, *Jep = 4.5 Hz, 2CHuno), 126.60 (CH.pom),
125.29 and 125.88 (2s, 2Cpara), 129.46 and 130.00 (2s,
4C era), 133.58 and 135.97 (2s, CH and C,,,), 143.88
(s, Carom), 149.71 (d, *Jep = 8.8 Hz, 2Cy,,), 167.09
(d, *Jpc = 5.4 Hz, CO), 170.55 (d, *Jpc = 18.2 Hz,
CO). P NMR (121.5 MHz, CDCl;): §p 11.74.

(2R, 3R)-Diethyl 2-(2-nitrophenylamino)-3-
(diphenoxyphosphoryl)butandioate (5b)

Yellow powder; yield: 91% (0.49 g), mp = 84-86°C. IR
(KBr) (Vmax, cm~1): 3359 (NH), 1726 and 1707 (C=0),
1268 (P=0). MS (m/z, %): 542 (M*, 10), 469 (100),
423 (51), 331 (20), 275 (35), 138 (63), 92 (36), 77
(40), 65 (43). Anal. Calcd for C,xH,;N,O4P (542.47):
C, 57.57; H, 5.02; N, 5.16. Found: C, 57.49; H, 5.11;
N, 5.24.

'"H NMR (300.1 MHz, CDCL): 8y 1.19 (3H, t,
J = 7.1 Hz, OCH,CH;), and 141 3H, t, J = 7.2
Hz, OCH,CH;), 4.12-4.18 (2H, m, OCH,CH,), 4.26
(1H, dd, 3Juy = 3.7, 2Jpy = 25.6 Hz, PCHCH), 4.34-
4.47 2H, m, OCH,CH,), 5.09 (1H, ddd, 3Jgy = 3.6,
3Jew = 7.7, 3Jun = 10.9 Hz, PCHCH), 6.70 (1H, dt,
Jun = 1.0, Jyg = 7.15 Hz, CH,om), 6.93-7.43 (12H,
m, 20Ph and 2CH,,,.), 8.08 (1H, dd, Jug = 1.36,
JHH = 8.6 HZ, CHarom); 9.06 (1H, br d, JHH =10.9 HZ,
NH).

13C NMR (75.5 MHz, CDCl;): §¢c 13.59 and 14.10
(2s,20CH,CH,), 47.21 (d, ' Jpc = 136.3 Hz, PCHCH)),
54.09 (d, 2Jpc = 3.3 Hz, PCHCH), 62.90 and 62.47
(2s, 20CH,CH;), 115.02 and 117.02 (2s, 2CH,om),
120.02 (d, 3Jcp = 4.8 Hz, 2CH,110), 120.78 (d, 3Jcp =
4.3 Hz, 2CH,no), 126.53 (CH,om), 125.81 and 125.93
(2s,2Cpara), 129.41 and 129.97 (25, 4C era), 133.66 and
135.87 (2s, CH and C,oy), 144.14 (s, C.rom), 149.75 (d,
2Jep = 8.2 Hz, Cip), 149.82 (d, 2Jep = 8.3 Hz, Cipo),
166.40 (d, 2Jpc = 5.4 Hz, CO), 170.01 (d, 3Jpc = 18.4
Hz, CO). *'P NMR (121.5 MHz, CDCl,): §p 12.24.

Dimethyl 2-(4-nitrophenylamino)-3-(dipheno-
xyphosphoryl)butandioate (5¢)

Pale yellow powder; yield: 93% (0.48 g), mp = 129-
132°C. IR (KBr) (vya, cm~'): 3368 and 3286 (2NH),
1733 and 1730 (C=0), 1266 (P=0). MS (n/z, %): 514
(M*, 11), 455 (24), 423 (15), 376 (31), 283 (73), 223
(100), 138 (40), 77 (64). Anal. Calcd for C,,H,3N,O0P
(514.42): C, 56.04; H, 4.51; N, 5.45. Found: C, 56.13;
H, 4.66; N, 5.31.

Major isomer (69%): 'H NMR (300.1 MHz,
CDCly): 8y 3.73 and 3.92 (6H, 2s, 20CH;), 4.22 (1H,
dd, 3Juy = 3.6, 2Jpy = 25.4 Hz, PCHCH), 4.96 (1H,
ddd, 3Jyy = 3.6,3Jpu = 7.7, 3Jun = 10.9 Hz, PCHCH),
5.73(1H,d, 3Jgqu = 10.9 Hz, NH), 6.55-8.05 (14H, m,
20Ph and 4CH,,,,.,).

13C NMR (75.5 MHz, CDCly): §: 47.00 (d,
'Jpe = 138.5 Hz, PCHCH), 53.35 and 53.55 (2s,
20CH;), 54.31 (d, 2Jpc = 3.2 Hz, PCHCH), 112.77
(s, CH,rom), 120.21 and 120.59 (2d, 3Jpc = 4.5 Hz,
4Coro), 125.57 and 125.96 (25, 2C,u), 125.98 (s,
CH.om), 129.73 and 130.00 (2s, 4Cera), 139.48 (s,
Carom), 149.61 and 149.84 (2d, 2Jpc = 8.8 Hz, 2 Cipy,),
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151.87 (s, Corom), 168.08 (d, 2Jpc = 5.3 Hz, CO), 170.67
(d,3Jpc =18.2 Hz, CO).*'PNMR (121.5 MHz, CDCl,):
Sp 11.29.

Minor isomer (31%): 'H NMR (300.1 MHz,
CDCl;): 8y 3.72 and 3.82 (6H, 2s, 20CH;), 4.10 (1H,
dd, 3Jun = 5.1, 2Jpy = 24.4 Hz, PCHCH), 5.06 (1H, m,
PCHCH), 5.50 (1H, d, 3Jyy = 8.6 Hz, NH), 6.55-8.05
(14H, m, 20Ph and 4CH_,,)-

13C NMR (75.5 MHz, CDCly): & 47.34 (d,
'Jpe = 136.1 Hz, PCHCH), 53.30 and 53.55 (2s,
20CH,;), 54.51 (d, 2Jpc = 3.0 Hz, PCHCH), 112.33
(s, CHaom), 120.28 and 120.56 (2d, 3Jpc = 5.4 Hz,
4Como), 125.63 and 125.95 (2s, 2C,u), 126.11 (s,
CH..om), 129.83 and 130.12 (2s, 4C, ), 139.48 (s,
Carom), 149.67 and 149.96 (2d, 2Jec = 8.9 Hz, 2C,),
151.09 (s, Cprom), 166.50 (d, 2Jpc = 5.2 Hz, CO), 170.08
(d, 3Jpc = 6.7 Hz, CO). 3'P NMR (121.5 MHz, CDCl,):
Sp 11.04.

Diethyl 2-(4-nitrophenylamino)-3-(diphenoxyp-
hosphoryl)butandioate (5d)

Yellow powder; yield: 92% (0.50 g), mp = 112-114°C.
IR (KBr) (Vma, cm™!): 3368 and 3285 (2NH), 1730
and 1700 (C=0), 1265 (P=0). MS (m/z, %): 542
(M*, 2), 404 (25), 331 (54), 285 (52), 255 (73), 138
(100), 108 (54), 65 (81). Anal. Calcd for CosHyyN,OoP
(542.14): C, 57.57; H, 5.02; N, 5.16. Found: C, 57.43;
H, 4.96; N, 5.22.

Major isomer (70%): 'H NMR (300.1 MHz,
CDCly): 8y 1.21 and 1.39 (6H, 2t, *Juy = 7.1 Hz,
20CH,CH;), 4.17-4.31 (4H, m, 20CH,CH;), 4.38
(1H, dd, 3Jyq = 7.2, ?Jpy = 16.4 Hz, PCHCH), 4.93
(1H, ddd, 3]HH = 36, 3JPH = 76, 3JHH = 10.7 HZ,
PCHCH), 5.75 (1H, d, *Jyy = 10.7 Hz, NH), 6.57—
8.08 (14H, m, 20Ph and 4CH,,.).

13C NMR (75.5 MHz, CDCl;): §c 14.03 and 14.09
(2s,20CH,CH,), 47.10(d, ' Jpc = 137.8 Hz, PCHCH)),
54.41 (d, ?Jpc = 3.5 Hz, PCHCH), 62.50 and 62.85 (2s,
2 OCH,CH,), 112.79 (s, CH,0m), 120.21 and 120.57
(2d, 3Jpc = 4.4 Hz, 4Coho), 125.51 and 125.92 (2s,
2Cpa), 126.06 (s, CHyom), 129.71 and 129.98 (2s,
4C,e), 139.46 (s, Cor), 149.91 (d, 2Jpe = 9.1 Hz,
Cipso), 149.94 (d, 2Jpc = 9.0 Hz, Cyp0), 152.06 (S, Carom),
167.54 (d, 2Jpc = 5.3 Hz, CO), 170.11 (d, 3Jpc = 18.2
Hz, CO).3'P NMR (121.5 MHz, CDCl;): 6p 11.66.

Minor isomer (30%): 'H NMR (300.1 MHz,
CDCL): 8y 1.21 and 1.29 (6H, 2t, 3Jyy = 7.1 Hz,
20CH,CH;), 4.23-4.43 (4H, m, 20CH,CH;), 4.35
(1H, dd, 3Jyy = 3.6, 2Jpy = 16.3 Hz, PCHCH), 5.02
(1H, m, PCHCH), 5.46 (1H, d, *Juy = 6.1 Hz, NH),
6.57-8.08 (14H, m, 20Ph and 4CH,,,,).

13C NMR (75.5 MHz, CDCl;): §c 13.95 and 14.03
(2s,2 OCH,CH,),47.51 (d, 'Jpc = 137.7Hz, PCHCH),
54.68 (d, 2Jpc = 3.5 Hz, PCHCH), 62.67 and 62.75 (2s,
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20CH,CH,), 112.40 (s, CH,.,), 120.21 and 120.35
(2d, 3Jpc = 4.6 Hz, 4Cou0), 125.61 and 125.85 (2s,
2Cpu), 126.32 (s, CHyom), 129.80 and 129.98 (2s,
4Ce), 139.06 (5, Carom), 149.68 (d, 2Jpc = 8.3 Hz,
Cipso), 149.79 (d, 2Jpc = 8.7 Hz, Cipso), 151.25 (S, Carom),
165.92 (d, 2Jpc = 5.2 Hz, CO), 169.55 (d, 3Jpc = 7.2
Hz, CO). *'P NMR (121.5 MHz, CDCl;): 6, 11.41.

Dimethyl 2-(2-amino-N-yl-benzoic acid)-3-
(diphenoxyphosphoryl)butandioate (5e)

Colorless crystalline; yield: 95% (0.49 g), mp = 152-
154°C. IR (KBr) (v, cm-1): 3297 (NH), 1750 and
1730 (C=0), 12,890 (P=0). MS (m/z, %): 513 (M,
9), 453 (2), 421 (12), 376 (38), 137 (100), 77 (45).
Anal. Calcd for C,sH,uNOGP (513.43): C, 58.48; H,
4.71; N, 2.73. Found: C, 58.56; H, 4.63; N, 2.67. 'H
NMR (500.1 MHz, CDCl;): 8y 3.75 and 3.90 (6H,
2s, 20CH;), 4.25 (1H, dd, 3Jyy = 4.4, ?Jpy = 25.0
Hz, PCHCH), 5.15 (1H, ddd, 3Juy = 4.4, 3Jpy = 9.5,
3 = 10.4 Hz, PCHCH), 6.70 (14H, m, Ar), 8.80
(1H, d, 3Jgq = 10.4 Hz, NH). *C NMR (125.7 MHz,
CDCl,): 8¢ 47.32 (d, 'Jpc = 137.3 Hz, PCHCH), 53.03
and 53.21 (2s, 20CH,), 54.04 (s, PCHCH), 110.93,
112.62, 115.39, 116.63 (4s, C;H({NO,), 120.34, (d,
3Jcp = 4.4 Hz, 2CHy0), 120.79 (d, 3Jcp = 4.4 Hz,
2CHormo), 125.24, 125.65 (2s, 2Cpar), 129.48 and
129.87 (2s, 4Crew), 132.48, 135.48 (2s, C;H(NO,),
149.94 (d, *Jep = 8.3 Hz, Ciys), 150.04 (d, *Jep =
8.3 Hz, Cy\s), 166.78 (d, *Jpc = 4.7 Hz, CO), 171.25
(d, 3Jpe = 16.2 Hz, CO), 172.99 (s, CO,H). 3P NMR
(202.4 MHz, CDCl;): 8 11.76.

Diethyl 2-(2-triflourophenylamino)-3-(dipheno-
xyphosphoryl)butandioate (5f)

White powder; yield: 95% (0.51 g), mp = 92-93°C. IR
(KBr) (Vmax, cm™1): 3394 (NH), 1764 and 1734 (C=0),
1264 (P=0). MS (m/z, %): 537 (M™, 83), 505 (21),
478 (100), 446 (35), 406 (9), 380 (13), 303 (26), 275
(31), 243 (10), 212 (16), 172 (20), 145 (13), 77 (49),
51 (13). Anal. Calcd for C,sH,;F;NO,P (537.42): C,
55.87; H, 4.31; N, 2.61. Found: C, 55.82; H, 4.22; N,
2.69. '"H NMR (500.1 MHz, CDCl;): 8y 3.73 and 3.90
(6H, 2s, 20CH;), 4.21 (1H, dd, 3Jyy = 4.0, 2Jpy =
25.2 Hz, PCHCH), 5.08 (1H, ddd, 3Juy = 4.0, 3Jpu
= 9.1 Hz, 3Jgg = 10.5 Hz, PCHCH), 5.89 (1H, d,
3 = 10.5 Hz), 6.79-7.49 (14H, m, Ar). 3C NMR
(125.7 MHz, CDCly): 8¢ 47.23 (d, 'Jpc = 137.2 Hz,
PCHCH), 52.89 and 53.23 (2s, 20CH;), 54.96 (d,
2Jpc = 3.0 Hz, PCHCH), 115.14 (q, *J¢r = 32.0 Hz,
C,H,F;N), 115.26, 117.82 (2s, C;H,FsN), 120.37 (d,
3Jcp = 4.0 Hz, 2CH, o), 120.62 (d, 3Jcp = 4.0 Hz,
2CHouno), 124.82 (q, 'Jer = 272.6 Hz, CF;), 125.32
and 125.65 (2s, 2Cpun), 126.58 (q, *Jer = 5.5 Hz,
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C,HF;N), 129.47 and 129.82 (25, 4Cpea), 133.00 (s,
C,H,F;N), 149.83(d, 2Jep = 9.6 Hz, Cy,,), 149.71 (d,
2Jep = 9.6 Hz, Cyy,), 155.96 (s, C;H(F;N), 167.34 (d,
2Joe = 5.0 Hz, CO), 171.14 (d, *Jpc = 17.0 Hz, CO).
3P NMR (121.5 MHz, CDCL,): 8, 11.72.

Dimethyl 2-[1-(diphenylmethylene)hydrazine-N-
yl]-3-(diphenoxyphosphoryl)butandioate (5g)

Dark yellow viscous oil; yield: 93% (0.53 g), IR
(in CHCly) (vae, cm1): 3317 (NH), 1746 and 1660
(C=0), 1277 (P=0). MS (m/z, %): 572 (M*, 2), 392
(15), 326 (13), 223 (20), 196 (52), 105 (100), 77 (88),
51 (40). Anal. Calcd for C;;H,oN,O,P (572.54): C,
65.03; H, 5.11; N, 4.89. Found: C, 64.97; H, 5.17;
N, 4.81.

Major isomer (56%): 'H NMR (300.1 MHz,
CDCl;): 84 3.72 and 3.79 (6H, 2s, 2 OCH;), 4.10 (1H,
s, NH), 4.16 (1H, dd, 3Jyyg = 5.4, 2Jpy = 24.7 Hz,
PCHCH), 5.08 (1H, m, PCHCH), 6.77-7.84 (20H, m,
20Ph and 2Ph).

13C NMR (75.5 MHz, CDCL): 8¢ 47.40 (d, 'Joc
= 137.3 Hz, PCHCH), 52.71 and 53.03 (2s, 20CH,),
60.81 (d, 2Jpc = 3.2 Hz, PCHCH), 120.51 and 120.58
(2d, 3Jpc = 5.4 Hz, 4Corho), 125.32 and 125.66 (2s,
2Coua), 128.77 (s, 4CH,om), 129.27 and 129.64 (2s,
4Chea), 130.33 (s, Cyrom), 131.43, 132.47, 138.05 and
148.92 (4s, 6CH,om and 2C,om), 150.07 and 150.21
(d, 2Jpc = 9.4 Hz, C;s), 156.43 (s, C=N), 167.27 (d,
2Jpc = 5.2 Hz, CO), 171.13 (d, 3Jpc = 15.4 Hz, CO).
3'P NMR (121.5 MHz, CDCl5): 8p 11.62.

Minor isomer (44%): 'H NMR (300.1 MHz,
CDCL,): 8 3.66 and 3.75 (6H, 2s, 20CH;,), 4.03 (1H,
s, NH), 4.46 (1H, dd, 3Jyy = 8.9, 2Jpy = 22.4 Hz,
PCHCH), 4.91 (1H, dd, 3Juy = 8.9, 2Jpy = 11.5 Hz,
PCHCH), 6.77-7.84 (20H, m, 20Ph and 2Ph).

13C NMR (75.5 MHz, CDCly): 8¢ 47.55 (d, 'Jpc
= 138.7 Hz, PCHCH), 52.79 and 53.40 (2s, 20CH,),
60.01 (d, 2Jpc = 3.3 Hz, PCHCH), 120.14 and 120.75
(2d, 3Jpc = 4.7 Hz, 4C,uno), 125.27 and 125.50 (2s,
2Cpara), 128.77 (s, 4CHyrom), 129.40 and 129.70 (2s,
4C eta), 130.47 (s, Cyom), 131.45, 132.70, 138.41, and
147.68 (4s, 6CH,,,,, and 2C,.,m), 150.00 and 150.14
(d, 2Jpc = 7.4 Hz, Cyo), 158.11 (s, C=N), 167.00 (d,
2Jpc = 4.7 Hz, CO), 171.84 (d, 3Jpc = 14.3 Hz, CO).
3'P NMR (121.5 MHz, CDCl,): §p 12.52.

Dimethyl 2-(4,4-dimethyl-2,5-dioxoimidazoli-
din-1-yl)-3-(diphenoxyphosphoryl)butandioate
(7)

Yellow viscous oil; yield: 91% (0.46 g), IR (in CCl,)
(Vmax » cm~1): 3068 (NH), 1748 and 1590 (C=0), 1204
(P=0). MS (m/z, %): 505 (M* +1, 1), 504 (M*, 2), 473
(2), 411 (41), 377 (2), 326 (100), 285 (9), 128 (27), 94
(92), 77 (61). Anal. Calcd for C,3;H,5N,O0P (504.43):

C, 54.76; H, 5.00; N, 5.55. Found: C, 54.87; H, 4.93;
N, 5.62.

Major isomer (67%): 'H NMR (400.1 MHz,
CDCl,): 6y 1.35 and 1.37 (6H, 2s, 2CH;), 3.76 and
3.86 (6H, 2s, 20CH;), 4.53 (1H, dd, 3Juy = 11.5, 2Jpy
=21.2 Hz, PCHCH), 5.70 (1H, dd, 3Jyy = 11.5, 3Jpy
= 5.3 Hz, PCHCH), 6.63-7.32 (10H, m, 2 OPh), 9.31
(1H, s, NH).

13C NMR (100.6 MHz, CDCl,): 8¢ 24.40 and 24.70
(2s, 2CH;), 40.69 (d, 'Jpc = 134.4 Hz, PCHCH),
43.97 (d, 2Jpc = 4.5 Hz, PCHCH), 53.28 and 53.60
(2s, 20CH,;), 60.34 (s, CMe,), 120.13 (d, 3Jpc = 4.8
Hz, 2Cyuiho), 120.19 (d, 3Jpc = 4.9 Hz, 2Cop0), 123.75
(s, 2Cpara), 129.42 and 129.67 (2s, 4C,era), 149.47 (d,
ZJPC =72 HZ, Cipso)r 149.58 (d, ZJPC =75 HZ, Cipso);
152.45 (CMe,CO0), 156.66 (NCON), 166.65 (d, 2Jpc =
7.6 Hz, CO), 168.12 (d, 3Jpc = 18.9 Hz, CO). *'P NMR
(161.9 MHz, CDCl;): §p 10.23.

Minor isomer (33%): 'H NMR (400.1 MHz,
CDCl,): 6y 1.35 and 1.37 (6H, 2s, 2CH;), 3.74 and
3.86 (6H, 25, 20CH3), 4.34 (1H, dd, 3JHH = 31, ZJPH
= 9.1 Hz, PCHCH), 5.62 (1H, br s, PCHCH), 6.63—
7.32 (10H, m, 20Ph), 9.03 (1H, s, NH).

13C NMR (100.6 MHz, CDCl,): 8. 24.40 and 24.70
(2s,2CHs;), 40.69 (d, ' Jpc = 134.4 Hz, PCHCH), 43.97
(d, 2Jpc = 4.5 Hz, PCHCH), 53.26 and 53.53 (2s,
20CH,), 59.35 (s, CMe,), 120.42 (d, 3Jpc = 4.7 Hz,
2Cortho), 120.60 (d, 3Jpc = 4.5 Hz, 2Cono), 125.67 (s,
2Cpara), 129.84 and 129.88 (2s, 4Cynera), 149.94 (d, *Jpc
=7.2Hz, Cy,,), 150.40 (d, *Jpc = 7.5 Hz, Cis,), 152.53
(CMe,CO0), 156.74 (NCON), 166.60 (d, 2Jpc = 6.6 Hz,
CO), 168.06 (d, 3Jpc = 18.5 Hz, CO). 3'P NMR (161.9
MHz, CDCl;): § 11.63.

Crystal Structure Determination

Crystallographic data for the structure were col-
lected at 100(2) K on an Oxford Diffraction (Ox-
fordshire, UK) Xcalibur diffractometer fitted with
graphite-monochromated Mo Ko radiation. Follow-
ing multi-scan absorption corrections and solution
by direct methods, the structure was refined against
F? with full-matrix least squares using the pro-
gram SHELXL-97 [41]. The hydroxyl hydrogen atom
H(311) was allowed to refine without restraints.
All other H-atoms were added at calculated posi-
tions and refined by use of a riding model with
isotropic displacement parameters based on those
of the parent atoms. Anisotropic displacement pa-
rameters were employed throughout for the non-
hydrogen atoms.

Crystal Data

C,sH;uNOoP, M = 513.42, monoclinic, space group
P2,/n,a = 8.8905(3), b = 20.7227(7), c = 13.8954(5)
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A, B = 105.083(4)°, V = 2471.83(15) A3, Z = 4,
w = 0.166 mm™!, 23,047 reflections collected, 6739
unique (R, = 0.0652). Final R indices R, = 0.0526,
wR, =0.0952[] > 201)]; R, =0.1238, wR, = 0.1104
(all data). CCDC deposition code: 798758.
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