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Protonation of the reactive intermediate produced in the reaction between trimethyl phosphite and dialkyl acetylene-

dicarboxylates by indane-1,3-dione leads to vinyltrimethoxyphosphonium cation, which undergoes addition reaction

with the enolate anion of the CH-acid to produce the title compounds in fairly high yields.

Organophosphorus compounds, i.e. those bearing a carbon
atom bound directly to a phosphorus atom, are synthetic
targets of interest, not least because of their value for a
variety of industrial, biological and chemical synthetic
uses.1±3 As a result a large number of methods 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.1±9 There are many
studies on the reaction between trivalent phosphorus nucleo-
philes and a,b-unsaturated carbonyl compounds using
alcohols or phenols as reaction adjucts.10 The work reported
here was undertaken in order to determine the possibility of
trapping the reactive 1:1 intermediate formed in the initial
reaction between trimethyl phosphite and dialkyl acetylene-
dicarboxylates 1 by a carbon acid such as indane-1,3-dione.
Thus, reaction of acetylenic esters 1 with trimethyl phos-
phite in the presence of indane-1,3-dione leads to dialkyl
2-(3-methoxy-1-oxoinden-2-yl)-3-(dimethylphosphonato)butane-
dioates 2 in fairly high yields.

This three-component reaction produces the hitherto
unknown butanedioates 2a±c in 80±85% yields. All the
compounds are stable crystalline solids whose structure is
fully supported by elemental analyses and IR, 1H NMR,
13C NMR and mass spectral data. The mass spectra of
these 1:1:1 adducts displayed molecular ion peaks at m/z
412, 440 and 496 for 2a, 2b and 2c, respectively. Any initial
fragmentation involved the loss of ester moieties.
On the basis of the well-established chemistry of trivalent

phosphorus nucleophiles3±10 it is reasonable to assume
that compound 2 results from the initial addition of tri-
methyl phosphite to the acetylenic ester and a concomitant
protonation of the 1:1 adduct by indane-1,3-dione (see

Scheme 1). Then, the positively charged ion is attacked by
the enolate anion of the CH-acid to form intermediate 4,
which is then converted to the phosphonato ester 2 by
nucleophilic attack on the methyl group.
The 1H NMR spectra of compounds 2a±c displayed

signals for vicinal methine protons at d 4.22±4.75, which
appear as double doublets with 2JHP and 3JHP values of
20.3±20.7 and 5.6 Hz, respectively. The methyl groups of the
phosphonato ester fragment are diastereotopic and show
two separate doublets in the 1H and 13C NMR spectra. The
methyl group of the enol ether fragment exhibits distinct
signals in the 1H and 13C NMR spectra. The presence of
the 31P nucleus in compounds 2a±c helps in assignment of
the signals by long-range couplings with 1H and 13C nuclei
(see Table 1). The vicinal proton±proton coupling constant
(3JHH) as a function of torsion angle can be obtained from
the Karplus equation.11 Typically, Jgauche varies between 1.5
and 5 Hz and Janti between 10 and 14 Hz. Observation of
3JHH=11.5±11.7 Hz for the vicinal protons in compounds
2a±c (see Table 1) indicates an anti arrangement for these
protons. Since compound 2 possesses two stereogenic
centers, two diastereoisomers with anti HCCH arrangements
are possible (see Scheme 1).
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The three-bond carbon±phosphorus coupling, 3JCP,
depends on con®guration, as expected, transoid couplings
being larger than cisoid ones. The Karplus relation can be
derived from the data for organophosphorus compounds
with tetra- and penta-valent phosphorus.12 The observation
of 3JCP of 5.5 Hz for the ester C.O group (see Table 1), is in
agreement with the (2R,3S)-2 and its mirror image (2S,3R)-
2 geometries.
We have not established a mechanism for the formation

(2S,3R)-2 and its mirror-image geometry, but a reasonable
possibility is indicated in Scheme 1. The enolization step
of this mechanism involves two diastereoisomeric enolate
anions (5a and 5b). Only one of these diastereoisomers,
namely 5a is well suited for nucleophilic attack on the
methyl group to produce the phosphonato ester 2 (see
Scheme 1).

Experimental

Melting points were measured on an Electrothermal 9100
apparatus and are uncorrected. Elemental analyses for C and H
were performed using a Heraeus CHN-O-Rapid analyser. IR spec-
tra were measued on a Shimadzu IR-470 spectrometer. 1H and 13C
NMR spectra were measured with a JEOL EX-90A spectrometer at
90 and 22.6 MHz, respectively. Mass spectra were recorded on a
Finnigan-Matt 8430 mass spectrometer operating at an ionization
potential of 70 eV. Acetylenic esters, trimethyl phosphite and
indane-1,3-dione were obtained from Fluka (Buchs, Switzerland)
and were used without further puri®cation.
The typical process for the preparation of dimethyl 2-(3-

methoxy-1-oxoinden-2-yl)-3-(dimethylphosphonato)butanedioate 2a
is described as an example. To a magnetically stirred solution
of indane-1,3-dione (0.292 g, 2 mmol) and dimethyl acetylene-
dicarboxylate (0.284 g, 2 mmol) in dichloromethane (4 ml) was
added dropwise a mixture of trimethyl phosphite (0.248 g, 2 mmol)
in dichloromethane 94 ml) at ÿ5 88C over 10 min. The reaction
mixture was then allowed to warm to room temperature and stirred
for 24 h. The solvent was removed under reduced pressure and the
residue was puri®ed by silica gel (Merck silica gel 60, 230±400
mesh) column chromatography using hexane±ethyl acetate as
eluent. The solvent was removed under reduced pressure to
a�ord the product (0.70 g, mp 98±100 88C, yield 85%) which was
recrystallized from ethyl acetate to yield 2a as yellow crystals
(0.64 g), mp 100±101 88C. IR (KBr) (�max/cm

ÿ1): 1734 (C.O); 1695
and 1617 (C.C±C.O); 1224 (P.O); 1046 and 1033 (C±O and P±O).
MS (m/z, %): 412 (M�, 6); 380 (MÿCH3OH, 56); 348
(380ÿCH3OH, 27); 321 (380ÿCO2CH3, 100); 333 (348ÿCH3, 89);
231 [MÿCH(CO2CH3)PO(OCH3)2, 21]; 109 [(CH3O)2P.O, 79].

Anal. calc. for C18H21O9P (M� 412.32): C, 52.43; H 5.13%. Found:
C, 52.3; H, 5.0%. Selected data for 2b: Yellow crystals, 0.72 g,
mp 92±93 88C, yield 82%. IR (KBr) (�max/cm

ÿ1): 1728 and 1723
(C.O); 1690 and 1615 (C.C±C.O); 1223 (P.O); 1045 and 1031
(C.O and P.O). MS (m/z, %): 440 (M�, 4); 394 (M�ÿEtOH, 30);
379 (394ÿCH3, 31); 333 (379ÿEtOH, 58); 321 (394ÿCO2Et, 100);
109 [(CH3O)2P.O, 62]. Anal. calc. for C20H25O9P (Mr 440.37):
C, 54.55; H, 5.72%. Found: C, 54.5; H, 5.6%. Selected data for 2c:
Yellow crystals, 0.79 g, mp 101±102 88C, yield 80%. IR (KBr)
(�max/cm

ÿ1): 1729 and 1723 (C.O); 1621 (C.C±C.O); 1049
and 1026 (C±O and P±O). MS (m/z, %): 496 (M�, 0.5); 440
[M�ÿCH2.C(CH3)2, 1.2]; 109 [(CH3O)2P.O, 7.3]; 57 [C(CH3)3,
100]. Anal. calc. for C24H33O9P (Mr 496.47): C, 58.06; H, 6.70%.
Found: C, 58.0; H, 6.6%.
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Table 1 1H and 13C NMR data for compounds 2a±e

Compound 1H/13C d (ppm) (CDCl3±Me4Si)

2a 1H 3.53 (3 H, d 3JPH 11.2 Hz, P±OCH3), 3.67 (3 H, d 3JPH 11.2 Hz, POCH3), 3.68 and 3.84 (6 H, 2 s, 2CO2CH3),
4.28 (1 H, dd 2JPH 20.7 Hz 3JHH 11.7 Hz, P±CH), 4.50 (3 H, s, OCH3), 4.75 (1 H, dd 3JPH 5.6 Hz, 3JHH

11.7 Hz, P±C±CH), 7.1±7.5 (4 H, m, Ar)
13C 39.58 (d 2JPC 3 Hz, P±C±13C), 44.39 (d 1JPC 132.5 Hz, P±C), 52.81 and 52.83 (13CH3O±C.O), 53.14 (d 2JPC

7.3 Hz, POCH3), 53.46 (d 2JPC 7.3 Hz, POCH3), 59.53 (CH3±O), 104.63 (d 3JPC 2.7 Hz, 13C.C±O), 119.56,
120.86, 130.06 and 132.79 (CH), 131.77 and 140.16 (2C), 169.03 (d 3JPH 5.5 Hz, C.O), 171.25 (d 2JPH

21.2 Hz, C.O), 172.82 (C.13C±O), 194.69 (C.O)
2b 1H 1.20 (3 H, t 3JHH 7.2 Hz, CH3), 1.34 (3 H, t 3JHH 7.2 Hz, CH3), 3.58 (3 H, d 3JPH 11.2 Hz, P±OCH3), 3.67

(3 H, d 3JPH 11.2 Hz, P±OCH3), 4.15 (2 H, q 3JHH 7.2 Hz, OCH2), 4.23 (2 H, q 3JHH 7.2 Hz, OCH2), 4.30
(1 H, dd 2JPH 20.6 Hz 3JHH 11.5 Hz, P±CH), 4.53 (3 H, s, OCH3), 4.75 (1 H, dd 3JPH 5.6 Hz 3JHH 11.5 Hz,
P±C±CH), 7.2±7.6 (4 H, m, Ar)

13C 14.01 and 14.02 (2CH3), 39.78 (d 2JPC 3 Hz, P±C±13CH), 44.47 (d 1JPC 132.5 Hz, P±CH), 53.08 (d 2JPC

7.4 Hz, P±OCH3), 53.38 (d JPC 7.4 Hz, P±OCH3), 59.49 (OCH3), 61.73 and 61.74 (2OCH2), 104.9 (d 3JPC

2.8 Hz, 13C.C±O), 119.43, 120.82, 129.94 and 132.67 (4CH), 131.81 and 140.28 (2C), 168.54 (d 3JPC

5.5 Hz, C.O), 170.58 (ds 2JPC 22.1 Hz, C.O), 172.74 (C.13C.O), 194.73 (C.O)
2c 1H 1.42 and 1.52 (18 H, 2CMe3), 3.55 (3 H, d 3JPH 11.2 Hz, P±OCH3), 3.68 (3 H, d 3JPH 11.2 Hz, P±OCH3),

4.22 (1 H, dd 2JPH 20.3 Hz 3JHH 11.5 Hz, P±CH), 4.53 (3 H, s, OCH3), 4.63 (1 H, dd 3JPH 5.6 Hz 3JHH

11.5 Hz, P±C±CH), 7.2±7.6 (4 H, m, Ar)
13C 27.35 and 27.36 (6CH3 of 2CMe3), 40.23 (d 2JPC 3 Hz, P±C±13C), 44.59 (d 1JPC 130.7 Hz, P±C), 52.35

(d 2JPC 7.2 Hz, POCH3), 52.65 (d 2JPC 7.2 Hz, POCH3), 58.88 (OCH3), 81.32 and 81.48 (2 13C of 2 13CMe3),
104.77 (d 3JPC 2.7 Hz, 13C.C±O), 118.70, 120.25, 129.28 and 132.05 (4CH), 131.40 and 139.91 (2C),
166.98 (d 3JPC 5.5 Hz, C.O), 169.20 (d 2JPC 22.1 Hz, C.O), 172.04 (C.13C.O), 194.15 (C.O)
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