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Abstract

The multi-component, one-step reaction of dialkyl acetylenedicarboxylates with 1-amino-9,10-anthraquinone in the presence of triphenyl
phosphite or trialkyl phosphites, produces 9,10-anthraquinone derivatives containing dialkyl(aryl) phosphoryl groups as novel, thermally stable
dyes in fairly good yields. The structural characterization and some physical properties of these dyes are reported.
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1. Introduction

Aminoanthraquinones are the basic structural units of dis-
perse dyes [1—6], which are an important class of dye, charac-
terized by good fastness properties and brightness on
hydrophobic fibres, such as poly(ethylene terephthalate), on
which they provide mostly bright red to blue hues; also are in-
cluded acylamino-anthraquinones which furnish mainly yel-
low and orange dyes. In addition, anthraquinones have
become recently very important due to their application in
high technology electronics. Some aminoanthraquinone deriv-
atives are used in transfer printing toners and others are used in
thermal printing [7,8]. The P=0 group has often been incor-
porated into the compounds to enhance their thermal/oxidative
stability and ignition resistance [9].

In a continuation of our current interest in the development of
new routes to 9,10-anthraquinones [10,11], herein we report
a simple, one-pot synthesis of some thermally stable anthraqui-
none derivatives containing dialkyl(aryl) phosphoryl moieties.
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2. Results and discussion
2.1. Structural characterization of dyes

The reaction of dialkyl acetylenedicarboxylates (2) with
l-aminoanthraquinone (3) in the presence of trialkyl(aryl)
phosphites (1) in toluene, under reflux, leads to dialkyl 2-{bis
[alkyl(aryl)oxy]-phosphoryl}-3-[(9,10-diox0-9,10-dihydro-1-
anthracenyl)amino]-butanedioates (4) in 70—90% yield
(Scheme 1).

The structures of 4a—4f were deduced from their elemental
analyses and high-field IH, 13C, and >'P NMR spectra, IR
spectra and UV—vis absorption spectral data. The mass spec-
tra of these compounds exhibited molecular ion peaks at the
appropriate m/z values.

The "H NMR spectrum of 4a in CDCl3 shows two singlets
at 0 =3.71 and 3.99 ppm for the methoxy protons, a double
doublet at 6 =4.30 (*Jpyg = 25.3, *Jyyg = 4.0 Hz) and a broad
peak at 5.21 (ddd, *Jyy = 10.5, *Jyp=7.8, *Jyy =4.0) for
the methine protons. The NH proton appears as a doublet
CJun=10.5Hz) at 6 =10.70 ppm, as a result of strong
intramolecular hydrogen bonding. Although the presence of
the *'P nucleus complicates both the 'H and '>*C NMR spec-
tra of 4a—4f, it helps in the assignment of the signals by
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Scheme 1. Reaction condition for the preparation of compounds 4a—df.

long-range coupling with 'H and '*C nuclei (see Section 4).
The 'H, 13C, and *'P NMR spectra of 4a and 4b, are shown
in Figs. 1-5.

Observation of >Jyy 3.5—4.6 Hz for the vicinal methine
protons in 4a—4f indicates the dominance of the gauche ar-
rangement. Since compound 4 possesses two stereogenic cen-
ters, two diastereomers with gauche HCCH arrangements are
possible (Scheme 2). Observation of 3Jcp 20—24 Hz for the
CO,Me group is in agreement with the (2R,3S) or (25,3R) di-
astereoisomer as the major isomer (60—99%). Hence, the mi-
nor diastereoisomer (1—40%) is (25,35 ) or (2R,3R) and the
reaction is diastereoselective. Selected IH, ”’C, and °'P
NMR chemical shifts and coupling constant for 4a—4f (major
and minor isomers) are shown in Table 1.

Characteristic ester carbonyl resonances for the major dia-
stereoisomer of 4a appeared at 6 = 168.0 (d, 3Jpc = 5.0 Hz)
and 171.4 (d, 2JPC: 17.7 Hz), whereas the carbon atom of
the P—CH moiety appeared at 6 =47.6 (d, 1Jpc =136.3 Hz).
The presence of three electronegative oxo substituents on the

ppm 8.0 7.6 7.2 6.8

phosphorus atom increases the 'Jcp value. The UV—vis ab-
sorption spectrum of 4a showed absorption bands at 480 and
310 nm; the UV—vis absorption spectra of compounds 4a—
4f are shown in Fig. 6.

The IR spectrum of 4a and 4d are shown in Fig. 7. The
P=0 stretching absorption bands appeared at about 1180—
1195cm™" and the N—H stretching at 3300—3500 cm™ .
The P=0 stretching band was shifted from 1220 to 1180—
1195 cm™! due to the electron-donating effect of the amine
group.

Although the mechanistic details of the reaction are not
clearly known, a plausible rationale may be advanced to ex-
plain the product formation. Presumably, the zwitterionic in-
termediate [12] 5 formed from (R'O);P and the dialkyl
acetylenedicarboxylate was protonated by 1-aminoanthraqui-
none to furnish the intermediate 6, which was then attacked
by the conjugate base 7 to produce 8; this intermediate was
protonated to furnish 9, which was converted to the final prod-
uct by loss of R'OH (Scheme 3).

M = major isomer
m = minor isomer

T T

ppm 10 8

4 2 0

Fig. 1. "H NMR spectrum (500.1 MHz) of 4a in acetone-ds.
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Fig. 2. "*C NMR spectrum (125.8 MHz) of 4a in acetone-d.

2.2. Thermal properties of dyes 4a—4f
The thermal properties of 4a were studied by means of

TGA and DSC at a heating rate of 10 °C min~' under a nitro-
gen atmosphere (see Fig. 8). The TGA—DSC diagram of

M

COOMe

H
L w«mhh
H

ppm 100 0 -100

Fig. 3. >'P NMR spectrum (202.4 MHz) of 4a in acetone-d.

I-methylamino-9,10-anthraquinone (10), measured under sim-
ilar conditions, is shown in Fig. 9. The thermal data and char
yields for 4a, 4b, 4d, 4e, 4f and 10 are listed in Table 2.

Several thermal regions were selected on the TGA curves
for comparison of the relative thermal stabilities of 4a, 4b,
4d, 4e, 4f, and 10 (Figs. 8—10). These were Ty, T5, and T},
which refer to the initial decomposition temperature and the
temperature at which 5 and 10% loss of mass occurred,
respectively.

The temperature of initial decomposition of 4a at the first
stage was about 240 °C. Compound 4a possessed higher ther-
mal stability (10% mass loss occurring around 280 °C and
char yield >40%, at 500 °C) compared with 10 (10% mass
loss occurring around 184 °C and char yield <5%, at
500 °C). The TGA measurements showed a distinct variation
in thermal stability between 4a and 10. The incorporation of
a dialkyl(aryl) phosphoryl group in 4, enhanced its thermal
stability and increased its 7; value. Comparing the results
shown in Table 2 for the five dialkyl(aryl) phosphoryl pig-
ments (4a, 4b, 4d, 4e, 4f) shows that, in general, the dialky-
I(aryl) phosphoryl pigment containing phenyl groups had
higher thermal stability.

The DSC curve of 4a is presented in Fig. §; it shows an en-
dotherm at 135 °C due to melting and a second endothermic at
450 °C, which corresponds to the mass loss in TGA.

3. Conclusions

The reaction of 1-aminoanthraquinone with dialkyl acetyle-
nedicarboxylates in the presence of trialkyl(aryl) phosphites
leads to the efficient synthesis of thermally stable anthraqui-
none derivatives containing dialkyl(aryl) phosphoryl moieties.
All of the pigments were fully characterized by 'H NMR, '*C
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Fig. 4. '"H NMR spectrum (500.1 MHz) of 4b in CDCl;.

NMR, 3p NMR, IR, and UV—vis absorption spectra, mass
spectra and TGA—DSC measurements. Some structural char-
acterization and physical properties of the dyes are reported.

4. Experimental
4.1. General

Compounds 1—3 were obtained from Fluka and were used
without further purification. M.p.: Electrothermal-9100 appa-
ratus; uncorrected. IR spectra: Shimadzu IR-460 spectrometer.
H, 13C, and >'P NMR spectra: Bruker DRX-500 Avance in-
strument; in CDCl3 at 500.1, 125.8, and 202.4 MHz, respec-
tively; 0 in parts per million, J in hertz. EI-MS (70 eV):
Finnigan-MAT-8430 mass spectrometer, in m/z. Elemental
analyses (C, H, N) were performed with a Heraeus CHN—
O-Rapid analyzer. UV spectra were taken on a Shimadzu
UV-160A spectrometer. TGA—DSC analysis was performed

M = major isomer
m = minor isomer
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Fig. 5. '*C NMR spectrum (125.8 MHz) of 4b in CDCl;.

with an STA-1200 instrument. 'H, 13C, and *'P NMR spectra
were obtained for solutions in CDCl; using TMS as internal
standard or 85% H3PO, as external standard. All the chemicals
used in this work were purchased from Fluka (Buchs, Switzer-
land) and were used without further purification.

4.2. General procedure for the preparation
of compounds 4

To a stirred solution of 2 (2 mmol) and 3 (0.45 g, 2 mmol)
in 8 cm® toluene was added a mixture of 1 (2 mmol) in 2 cm?
toluene. The reaction mixture was heated for 6 h. The solvent
was removed under reduced pressure to give a red solid. The
products were separated by silica gel column chromatography
(Merck 230—400 mesh) using n-hexane—EtOAc (8:1) as elu-
ent. The solvent was removed under reduced pressure to afford
pure compounds.

4.2.1. Dimethyl 2-[bis(phenyloxy)-phosphoryl]-3-[(9,10-
diox0-9,10-dihydro-1-anthracenyl)amino]-butanedioate (4a)
Yield: 0.89 g (75%). Red crystals. M.p.: 136-137 °C. IR
(KBr): 1625, 1657 (2C=0), 1733 (C=O0, ester), 3430 (N—H).
UV (CH,Cl,): 375, 309, 244 nm. EI-MS: 599 (M*, 5), 520
(8), 485 (10), 223 (98), 195 (26), 167 (64), 149 (100), 139

0
CORC

H, H, '
n A mo w A PoR),
Ol— \N ,,,,, P(OR‘)Z C)l "tH

(2R, 3R)-4a or (25, 3S)-4a (2R, 3S)-4a or (28, 3R)-4a

Scheme 2. The diastereoisomers of compounds 4a—4f.
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Table 1

Selected 'H, '3C, and *'P NMR chemical shifts (in ppm) and coupling constants (in Hz) for major (M) and minor (m) diastereoisomers of 4a—4f

Compound Tsomer (%) 'H NMR 13C NMR 3P NMR
H-2 (ZJPH) NH (3JHH) C=0 (ZJPC) C=0 (3JPC) C-2 (IJPC)
4a M (92) 430 (25.3) 10.74 (10.5) 171.4 (17.7) 168.0 (5.0) 47.6 (136.3) 7.85
4a m (8) - - 170.8 (10) 167.4 (5.0) 48.5 (135.6) 6.83
4b M (55) 3.88 (20.1) 10.63 (10.1) 170.7 (16) 167.6 (4.7) 46.4(135.0) 22.45
4b m (45) 3.90 (20.0) 10.29 (9.4) 170.3 (12) 167.1 (4.6) 47.1 (135.0) 22.10
4c M (60) 3.83 (m) 10.60 (10.0) 170.8 (15) 167.7 (3.8) 47.0 (134.8) 19.61
4c m (40) 3.84 (m) 10.26 (9.4) 170.4 (13) 167.4 (3.7) 47.9 (134.7) 19.59
4d M (60) 3.83 (25.2) 10.51(10.0) 169 (15) 165.8 (5) 47.8 (132.9) 21.17
4d m (40) 3.85 (25.2) 10.21 (10.0) 170 (20) 165.7 (6) 48.6 (134.1) 20.94
4e M (60) 4.29 (25.3) 10.72 (10.3) 170.2 (17) 166.4 (5) 47.6 (136.9) 13.19
4e m (40) 429 (25.3) 10.45 (11.0) 169.4 (11) 165.9 (6.2) 48.1 (135.8) 12.85
af M (99) 4.22 (25.8) 10.7 (10.2) 169.6 (19) 166.3 (5) 48.9 (135.5) 14.39
af m (1) - - - - - 13.76

(26), 113 (20), 71 (18), 57 (42), 43 (28). Anal. calc. for
C3,HogNOGP (599.20): C, 64.11; H, 4.37; N, 2.34%; found:
64.15; H, 4.40; N, 2.35%. NMR data for the major isomer
(92%). '"H NMR: 3.71 (s, OMe), 3.99 (s, OMe), 4.30 (dd,
2Jup =253, Jyu=4.0, CH), 521 (ddd, *Jgu=10.5,
Jap = 7.8, *Jyy = 4.0, CH), 6.78—6.79 (m, CH), 6.90—6.91
(m, 3CH), 7.18—7.19 (m, 2CH), 7.18—7.19 (m, 2CH),
7.32—7.34 (m, 3CH), 7.51—7.52 (m, CH), 7.64—7.65 (m,
CH), 7.72—7.74 (m, 2CH), 8.23 (dd, *Jyu=7.7, “Jun = 1.5,
CH), 830 (dd, *Juyy=74, “Jyy=13, CH), 10.70 (d,
3Jun = 10.5, NH). 3C NMR: 47.6 (d, Jpc = 136.3, CH),
53.3 (OMe), 53.6 (OMe), 54.3 (d, *Jpc=3.1, CH), 115.1
(CH), 116.1 (CH), 116.7 (CH), 117.1 (CH), 120.1 (CH),
120.9 (CH), 121.0 (d, *Jpc = 4.6, CH), 121.5 (d, *Jpc = 4.5,
CH), 125.7 (CH), 126.4 (CH), 127.0 (CH), 127.2 (CH),
127.4 (CH), 127.6 (C), 130.1 (CH), 130.5 (CH), 130.7 (C),
133.7 (C), 134.2 (C), 135.0 (CH), 135.8 (C), 151.0 (C),
151.2 (C), 151.7 (N—C), 168.0 (d, *Jpc = 5.0, C=0), 171.4
(d, *Jpc=17.7, C=0), 183.7 (C=0), 185.5 (C=0). °*'P
NMR: 7.8. NMR data for the minor isomer (8%). '"H NMR:
3.73 (s, OMe), 3.81 (s, OMe), 4.10 (CH), 5.10 (CH), 6.93—

Absorbance

- r—
238 288 338 388 438 488 538 588
Wavelenght (nm)
Fig. 6. UV—vis absorption spectra of 4a—4f, measured in CH,Cl, at a concen-

tration of 0.08 mmol dm ™.

6.94 (m, CH), 6.90—6.91 (m, 3CH), 7.18—7.19 (m, 2CH),
7.18—7.19 (m, 2CH), 7.25—7.26 (m, 3CH), 7.51—7.52 (m,
CH), 7.64—7.65 (m, CH), 7.72—7.74 (m, 2CH), 8.23 (dd,
an=77, “Tgg=15, CH), 830 (dd, ‘Jyu=74,
Tan=1.3, CH), 1040 (d, *Jgu=10.5, NH). °C NMR:
48.5 (d, 'Jpc =135.6, CH), 53.1 (OMe), 53.4 (OMe), 55.1
(d, *Jpc=3.6, CH), 1152 (CH), 116.1 (CH), 116.7 (CH),
117.3 (CH), 119.5 (CH), 119.8 (CH), 121.3 (d, *Jpc =4.9,
CH), 1214 (d, *Jpc =4.0, CH), 126.1 (CH), 126.6 (CH),
127.2 (CH), 127.3 (CH), 127.4 (C), 129.6 (CH), 130.5 (CH),
130.8 (CH), 134.0 (CH), 134.3 (C), 135.2 (C), 135.3 (CH),
136.2 (C), 150.9 (C), 151.0 (C), 151.5 (N—C), 167.4 (d,
3Jpc=5.0, C=0), 170.8 (d, *Jpc=10.0, C=0), 183.6
(C=0), 185.9 (C=0). *'P NMR: 6.8.

The procedure for preparation of other products was similar
to that for 4a.

Transmittance (%)

P=0

I I I I I
4000 3000 2000 1500 1000 500 0
Wavenumber (cm™)

Fig. 7. IR spectra of 4a (up) and 4d (down).
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4.2.2.  Dimethyl  2-[bis(methoxy)-phosphoryl]-3-[(9,10-
dioxo-9,10-dihydro-1-anthracenyl)amino]-butanedioate (4b)
Yield: 0.80 g (85%). Red powder. M.p.: 129.0—130.0 °C.
IR (KBr): 1623 and 1661 (2C=0), 1731 (C=O0, ester),
3449 (N—H). UV (CH,CL,): 477, 308, 244 nm. EI-MS: 475
(M™, 3), 460 (9), 232 (24), 223 (48), 224 (12), 167 (8), 132
(6), 109 (5), 57 (20), 31 (55). Anal. calc. for CoyH,»NOoP
(475.38): C, 55.58; H, 4.66; N, 2.99%:; found: C, 55.60; H,
4.68; N, 3.01%. NMR data for the major isomer (60%). 'H
NMR: 3.60 (d, *Jyp = 11.5, OMe), 3.71 (s, OMe), 3.79 (d,
3Jup = 11.3, OMe), 3.89 (s, OMe), 3.88 (dd, *Jyp=20.1,
Jan=4.6, CH), 50 (ddd, *Juu=10.1, *Jip=8.0,
3Jun = 4.6, CH), 7.29—7.31 (m, CH), 7.51—7.69 (m, 2CH),
7.69—7.76 (m, 2CH), 8.22 (dd, *Jyyy = 6.0, *Juu = 1.5, CH),
8.35 (dd, *Jy = 6.5, *Jyu = 1.0, CH), 10.63 (d, >/ = 10.1,
NH). °C NMR: 464 (d, Jpc=135.0, CH), 53.2 (OMe),
533 (d, *Jpc=3.7, CH), 53.7 (d, *Jpc = 6.8, OMe), 53.8
(OMe), 53.8 (d, *Jpc = 6.8, OMe), 114.6 (CH), 117.2 (CH),

10.0 90.0
0.0 1700
3
E 100t 1500
r
g 2
E‘ 7]
T 200 1300 £
D [t
-
-30.0 {100
{0.0
-40.0 . . . -10.0
0.0 200.0 400.0 600.0 800.0

Temperature (°C)

Fig. 8. TGA—DSC of 4a with a heating rate of 10°C/min in nitrogen
atmosphere.

118.5 (CH) 126.6 (CH), 127.2 (CH), 128.8 (C), 132.9 (C),
133.2 (CH), 133.9 (CH), 134.7 (C), 135.3 (C), 150.3 (N—C),
167.6 (d, *Jpc =4.7, C=0), 170.7 (d, *Jpc = 16.0, C=0),
183.5 and 185.3 (2C=0). *'P NMR: 22.4. NMR data for
the minor isomer (40%). 'H NMR: 3.75 (d, *Jgp=10.2,
OMe), 3.76 (s, OMe), 3.78 (d, *Jyp=10.1, OMe), 3.80 (s,
OMe), 3.90 (dd, *Jyp=20.0, *Jyy=4.3, CH), 5.14 (ddd,
an = 9.4, *Jup=17.6, *Jyy =4.3CH), 7.25—7.26 (m, CH),
7.60—7.62 (m, 2CH), 7.69—7.70 (m, 2CH), 8.22 (dd,
= 6.0, Yy =15, CH), 831 dd, *Jyu=74, YJau=
1.3, CH), 10.29 (d, *Juu=9.4, NH). '3C NMR: 47.1 (d,
Upc =135.0, CH), 53.0 (OMe), 53.1 (d, *Jpc =2.7, CH),
53.2 (OMe), 53.9 (d, *Jpc = 6.8, OMe), 54.3 (d, >Jpc = 6.7,
OMe), 114.5 (CH), 117.1 (CH), 118.1 (CH) 126.7 (CH),
127.0 (C), 132.4 (C), 132.9 (CH), 133.2 (C), 133.9 (CH),
134.8 (C), 135.4 (C), 150.3 (N—C), 167.1 (d, *Jpc=4.6,
C=0), 170.3 (d, *Jpc=12.0, C=0), 183.4 and 1854
(2C=0). *'P NMR: 22.1.

10.0 120.0
0.0 1100.0
— 180.0
2 -10.0 |
E z
= 1600 =
z
> -20.0 - 2
= 140.0 %
= X
$ 300 =
= 20.0
-40.0 |- 100
-50.0 . ‘ . . . . . -20.0
0.0 200.0 400.0 600.0 800.0

Temperature (°C)

Fig. 9. TGA—DSC of 10 with a heating rate of 10°C/min in nitrogen
atmosphere.
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Table 2
Comparison of thermal properties of 4a, 4b, 4d, 4e, 4f, and 1-methylamino-
9,10-anthraquinone (10)

Compound To* (°C) 75" (°C) Tio° (°C) Char yield" (%)
4a 240 260 280 42
4b 177 189 215 10
4d 153 177 208 12
4e 210 231 251 11
4t 207 215 223 13
10 140 172 184 5

# The initial decomposition temperature by TGA at a heating rate of 10 °C/
min in nitrogen atmosphere.

® Temperature at which 5% weight loss was recorded by TGA at a heating
rate of 10 °C/min in nitrogen atmosphere.

¢ Temperature at which 10% weight loss was recorded by TGA at a heating
rate of 10 °C/min in nitrogen atmosphere.

4 Percentage weight of material left undecomposed after TGA analysis at the
maximum temperature of 500 °C at heating rate of 10 °C/min in nitrogen
atmosphere.

4.2.3. Dimethyl 2-[bis(ethoxy)-phosphoryl]-3-[(9,10-dioxo-
9,10-dihydro-1-anthracenyl)amino]-butanedioate (4c)

Yield: 0.70 g (70%). Red powder. M.p.: 144—146 °C. IR
(KBr): 1626 and 1679 (2C=0), 1730 (C=O0, ester), 3445
(N—H). UV (CH,Cl,): 476, 302, 246 nm. EI-MS: 503 (2,
M™"), 474 (14), 458 (16), 224 (25), 223 (65), 137 (16), 45
(87), 29 (65). Anal. calc. for C,sH,NOoP (503.44): C,
57.26; H, 5.21; N, 2.78%; found: C, 57.28; H, 5.23; N,
2.80%. NMR data for the major isomer (60%). '"H NMR:
1.10 (t, *Jyu=7.2, Me), 1.29 (t, *Juu=7.2, Me), 3.65 (s,
OMe), 3.73—3.74 [m, P(OCH,CH;),], 3.83—3.84 (m, CH),
3.85 (s, OMe), 4.1 (ddd, >/ = 10.3, *Jp = 7.0, Sy = 4.5,
CH), 7.26—7.28 (m, CH), 7.54—7.57 (m, 2CH), 7.71-7.74
(m, 2CH), 8.19 (dd, /i =7.6, *Jyy=1.1, CH), 8.32 (dd,
an=7.6, “Jqu=1.0, CH), 10.60 (d, *Jyy = 10.3, NH).
BC NMR: 159 (Me), 16.0 (Me), 47.0 (d, Jpc=134.8,
CH), 53.0 (OMe), 53.5 (OMe), 53.8 (d, *Jpc =2.6, CH),
63.6 (d, *Jpy=>5.8, OCH,), 66.7 (d, *Jpy=6.4, OCH,),
114.4 (CH), 117.0 (CH), 118.4 (CH), 126.6 (C), 127.1 (CH),
128.7 (CH), 130.8 (CH), 133.1 (C), 133.9 (CH), 134.0 (C),

40 —--— 0
db ----ee-
4d
4 ——— B
4f —— ==
z
- 20 -
=
w
w
s »
- 40
,./.
”
B
T T T T T
500 300 100 0

Temperature (°C)

Fig. 10. Comparison of the TGA profiles of 4a, 4b, 4d, 4e, and 4f, obtained
with a heating rate of 10 °C/min in nitrogen atmosphere.

135.2 (C), 150.4 (N—C), 167.7 (d, *Jpc = 3.8, C=0), 170.8
(d, *Jpc=15.0, C=0), 183.6 and 1852 (2C=0). °'P
NMR: 19.6. NMR data for the minor isomer (40%). 'H
NMR: 1.31 (t, Jgg=7.2, Me), 1.34 (t, *Juu=7.2, Me),
3.70 (s, OMe), 3.72—3.73 [m, P(OCH,CHs;),], 3.83—3.88
(m, CH), 3.80 (s, OMe), 4.1 (ddd, */uy = 10.0, */yp = 7.0,
3Jun = 4.0, CH), 7.26—7.28 (m, CH), 7.48—7.65 (m, 2CH),
7.66—7.74 (m, 2CH), 8.19 (dd, *Jyy = 7.6, *Jyy = 1.1, CH),
8.25 (dd, *Jy = 8.0, Ty = 1.2, CH), 10.26 (d, *Jyy = 10.0,
NH). 3C NMR: 15.8 (Me), 15.9 (Me), 47.9 (d, Jpc=
134.7, CH), 50.8 (OMe), 51.1 (OMe), 54.3 (d, *Jpc =2.6,
CH), 634 (d, */py=6.0, OCH,), 66.6 (d, *Jpy=6.3,
OCH,), 114.4 (CH), 117.1 (CH), 118.2 (CH), 126.6 (C),
126.9 (CH), 127.6 (C), 128.7 (CH), 132.4 (CH), 133.2 (C),
134.0 (CH), 134.7 (C), 134.8 (CH), 135.3 (C), 149.9 (N—C),
165.9 (d, *Jpc =5.0, C=0), 169 (d, *Jpc = 16.0, C=0),
183.4 and 185.3 (2C=0). *'P NMR: 19.6.

4.24. Di-tert-butyl-2-[bis(ethoxy)-phosphoryl]-3-[(9,10-
dioxo-9,10-dihydro-1-anthracenyl)amino]-butanedioate (4d)

Yield: 1.0 g (85%). Orange powder. M.p.: 128—130 °C, IR
(KBr): 1627 and 1662 (2C=0), 1722 (C=O0, ester), 3415
(N—H). UV (CH,ClL,): 456, 304, 246 nm. EI-MS: 587 (4,
M™), 569 (42), 530 (18), 232 (28), 223 (15), 137 (18), 57
(100), 43(10), 41 (10). Anal. calc. for C30H3sNOoP (587.60):
C, 61.32; H, 6.52; N, 2.38%; found: C, 61.34; H, 6.54; N,
2.40%. NMR data for the major isomer (60%). '"H NMR:
0.90 (t, *Jgu=7.0, Me), 1.14 (t, *Juy =7.0, Me), 1.41 (s,
CMes), 1.58 (s, CMes), 3.83 (dd, *Jyp=25.2, *Juu =425,
CH), 4.10-4.20 [m, P(OCH,CHs;),], 4.86—4.87 (ddd,
=100, *Jup=7.7, *Jun=4.5, CH), 7.28—7.30 (d,
3Jun = 8.5, CH), 7.51—7.53 (m, 2CH), 7.66—7.68 (m, 2CH),
8.23 (dd, *Jun=7.5, *Jun = 0.8, CH), 8.35 (dd, *Jyn=17.3,
Ty =0.8, CH), 10.51 (d, */yu=10.0, NH). *C NMR:
16.3 (Me), 16.4 (Me), 27.8 (CMes), 27.9 (CMes), 47.8 (d,
pc=132.9, CH), 55.4 (d, *Jpc =3.1, CH), 62.6 (OCH,),
63.2 (OCHy,), 82.7 (CMes), 83.5 (CMe3), 114.3 (CH), 116.9
(CH), 118.9 (CH) 126.5 (CH), 126.9 (C), 127.1 (CH), 128.8
(CH), 130.8 (C), 132.9 (CH), 133.8 (C), 135.1 (C), 150.9
(N—C), 165.8 (d, *Jpc = 5.0, C=0), 169.0 (d, *Jpc = 15.0,
C=0), 183.8 and 184.8 (2C=0). *'P NMR: 21.2. NMR
data for the minor isomer (40%). 'H NMR: 09 (t,
3 un=7.0, Me), 1.43 (s, CMes), 1.44 (t, *Jyy=7.0, Me),
1.50 (s, CMes), 3.83 (dd, *Jyp = 25.2, *Jyy = 4.4, CH), 3.9—
4.0 [m, P(OCH>CHs),], 4.88 (ddd, *Jyy = 10.0, *Jyp = 7.6,
3Jun = 4.4, CH), 7.37—-7.39 (d, *Juy = 8.5, CH), 7.54—7.57
(m, 2CH), 7.76—7.78 (m, 2CH), 823 (dd, *Jun=17.5,
=08, CH), 835 (dd, *Jyp=7.3, “Jun=0.9, CH),
1021 (d, *Jgg=10.0, NH). 3C NMR: 16.1 (Me), 16.2
(Me), 27.8 (CMe3), 28.0 (CMes), 48.6 (d, 'Jpc = 134.1, CH),
55.5 (d, *Jpc =3.0, CH), 62.7 (OCH,), 62.8 (OCH,), 81.9
(CMe5), 83.5 (CMes), 114.3 (CH), 116.9 (CH), 118.9 (CH)
126.6 (CH), 126.7 (C), 127.1 (CH), 128.8 (CH), 130.8 (C),
132.4 (CH), 133.9 (C), 134.6 (C), 150.2 (N—C), 165.7 (d,
3Jpc = 6.0, C=0), 170.0 (d, “Jpc =20.0, C=0), 183.6 and
185.0 (2C=0). *'P NMR: 20.9.
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4.2.5. Diethyl  2-[bis(phenyloxy)-phosphoryl]-3-[(9,10-
dioxo-9,10-dihydro-1-anthracenyl)amino]-butanedioate (4e)

Yield: 0.94 g (75%). Red powder. M.p.: 175.0—176.0 °C. IR
(KBr): 1628 and 1668 (2C=0), 1730 (C=O0, ester), 3428 (N—
H). UV (CH,Cl,): 476, 310, 240 nm. EI-MS: 627 (6, M), 485
(10), 223 (100), 167 (40), 139 (36), 113 (20), 71 (16), 57 (20),
43 (25). Anal. calc. for C34H3oNOoP (627.58): C, 65.06; H,
4.82; N, 2.23%; found: C, 65.08; H, 4.85; N, 2.27%. NMR data
for the major isomer (65%). "H NMR: 1.16 (t, *Jyp = 7.0, Me),
142 (t, *Jgn = 7.0, Me), 4.16 (q, *Jy = 7.0, CH,0), 4.29 (dd,
2Jup =253, *Jun = 4.0, CH), 4.33 (q, *Juu="7.0, CH,), 5.19
(ddd, 3Jyp = 10.3, *Jgp = 7.6, *Jyu = 4.0, CH), 6.77—6.78 (m,
CH), 6.92—6.93 (m, 4CH), 7.10—7.12 (m, CH), 7.22—7.25 (m,
CH), 7.26—7.35 (m, 4CH), 7.49—7.53 (m, CH), 7.63—7.67 (m,
CH), 7.70—~7.74 (m, 2CH), 8.20—8.24 (m, CH), 8.31 (dd,
an =77, *Tqa= 1.1, CH), 10.72 (d, *Jy = 10.3, NH). *C
NMR: 13.9 (Me), 14.1 (Me), 47.0 (d, Jpc = 136.9, CH), 53.8
(d, *Jpc=23, CH), 623 (d, *Jpc=5.0, OCH,), 62.5 (d,
3Jpc = 5.0, OCH,), 114.6 (CH), 115.3 (CH), 117.0 (CH), 118.7
(CH), 120.0 (d, *Jpc=3.5, CH), 1204 (CH), 120.7 (d,
3Jpc =44, CH), 124.8 (CH), 125.5 (CH), 125.6 (CH), 126.6
(CH), 127.1 (CH), 129.2 (CH), 129.4 (CH), 129.6 (C), 129.9
(CH), 133.0 (CH), 133.7 (CH), 134.4 (C), 134.6 (CH), 134.7
(C), 134.9 (C), 149.6 (C), 149.8 (C), 150.0 (N—C), 166.4 (d,
3Ipc=15.0, C=0), 1702 (d, %Jpc = 17.0, C=0), 183.6 and
184.9 (2C=0). *'P NMR: 13.2. NMR data for the minor isomer
(35%). "H NMR: 1.22 (t, *Jis = 7.0, Me), 1.29 (t, *Jygg = 7.0,
Me), 4.18 (q, *Juu=7.0, CH,0), 429 (dd, *Jyp=25.3,
JTan=3.5, CH), 440 (q, *Juu=70, CH,), 5.32 (ddd,
Jan = 9.5, *Jyp = 6.0, *Jyy = 3.5, CH), 6.78—6.79 (m, CH),
6.92—6.93 (m, 4CH), 7.10~7.12 (m, CH), 7.22—7.25 (m, CH),
7.26—7.35 (m, 4CH), 7.49—7.53 (m, CH), 7.63—7.67 (m, CH),
7.70—7.74 (m, 2CH), 8.20—8.24 (m, CH), 8.31 (dd, *Jyy = 7.7,
*Juu= 1.1, CH), 10.45 (d, *Jyy=9.5, NH). °C NMR: 13.9
(Me), 140 (Me), 48.10 (d, Jpc=135.8, CH), 544 (d,
3pc=29, CH), 623 (d, *Jpc=4.0, OCH,), 62.4 (d,
3Jpc = 5.0, OCH,), 114.6 (CH), 115.3 (CH), 117.0 (CH), 118.7
(CH), 1200 (d, *Jpc=4.7, CH), 1204 (CH), 120.7 (d,
3Jpc = 4.4, CH), 124.8 (CH), 125.5 (CH), 125.6 (CH), 126.6
(CH), 127.1 (CH), 129.2 (CH), 129.6 (C), 129.9 (CH), 133.0
(CH), 133.7 (CH), 134.4 (C), 134.6 (CH), 134.7 (C), 134.9 (C),
149.9 (C), 150.0 (C), 150.1 (N—C), 1659 (d, *Jpc =62,
C=0), 1694 (d, *Jpc=11.0, C=0), 1834 and 1852
(2C=0). *'P NMR: 12.8.

4.2.6. Di-tert-butyl-2-[bis(phenyloxy)-phosphoryl]-3-[(9,10-
dioxo-9,10-dihydro-1-anthracenyl)amino]-butanedioate (4f)
Yield: 1.20 g (90%). Red-violet powder. M.p.: 154.0—
154.2 °C, IR (KBr): 1629 and 1662 (2C=0), 1728 (C=0, es-
ter), 3435 (N—H). UV (CH,Cl,): 485, 311, 243 nm. EI-MS:

683 (2, M), 581 (8), 482 (5), 294 (6), 232 (36), 223 (10),
167 (8), 132 (6), 57 (100), 41 (10). Anal. calc. for
C3gH3gsNOoP (683.69): C, 66.76; H, 5.60; N, 2.05%; found:
C, 66.78; H, 5.70; N, 2.05%. NMR data for the major isomer
(99%). '"H NMR: 1.41 (s, CMe3), 1.63 (s, CMe3), 4.22 (dd,
2Jup=25.8 Hz, *Jyu=4.1, CH), 5.23—5.27 (ddd, *Juy=
102, 3Jyp=6.9, 3Jyy=4.1, CH), 6.83—6.85 (m, CH),
7.00—7.04 (m, 4CH), 7.21—7.23 (m, CH), 7.28—7.30 (m,
2CH), 7.37—7.40 (m, CH), 7.51—7.61 (m, 3CH), 7.81—7.84
(m, 2CH), 8.18 (dd, *Jyy = 7.3, *Jun = 1.0, CH), 8.24—8.26
(m, CH), 10.7 (d, 3Juz=102, NH). >C NMR: 28.0
(CMes), 28.2 (CMes), 49.7 (d, Jpc = 134.5, CH), 55.0 (d,
3Jpc =4.0,CH), 82.7 (CMes), 82.9 (CMes), 114.5 (CH),
115.3 (CH), 117.0 (CH), 120.4 (CH), 120.9 (CH), 121.0 (d,
3Jpc=4.9, CH), 121.6 (d, *Jpc=4.4, CH), 125.5 (CH),
126.1 (CH), 126.3 (CH) 127.0 (C), 127.14 (CH), 127.5
(CH), 130.1 (CH), 130.5 (C), 130.7 (CH), 133.7 (CH), 134.0
(CH), 134.9 (CH), 135.7(C), 136.1 (C), 150.2 (C), 151.2
(), 152.2 (N=C), 166.3 (d, *Jpc =5.0, C=0), 169.6 (d,
2Jpc = 19.0, C=0), 183.8 and 185.3 (2C=O0). *'P NMR:
14.4. NMR data for the minor isomer (1%). *'P NMR: 13.7.
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