This article was downloaded by: [University of Sydney]

On: 12 August 2013, At: 12:20

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic
Organic Chemistry

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

Acylation of Diethyl
Phosphonoacetic Acid Via
the MgCIl,/Et3N System: A

Practical Synthesis of p-Keto
Phosphonates

Bernard Corbel 2 , Isabelle L'hostis-Kervella * & Jean-
Pierre Haelters ?

# Laboratoire de Chimie Hétéro-Organique, U.F.R.
Sciences, Université de Bretagne Occidentale, B.P.
809, F-29285, Brest Cedex

Published online: 04 Dec 2007.

To cite this article: Bernard Corbel , Isabelle L'hostis-Kervella & Jean-Pierre
Haelters (2000) Acylation of Diethyl Phosphonoacetic Acid Via the MgCl,/EtsN
System: A Practical Synthesis of p-Keto Phosphonates, Synthetic Communications: An
International Journal for Rapid Communication of Synthetic Organic Chemistry, 30:4,
609-618, DOI: 10.1080/00397910008087362

To link to this article: http://dx.doi.org/10.1080/00397910008087362

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the
information (the “Content”) contained in the publications on our platform.
However, Taylor & Francis, our agents, and our licensors make no



http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397910008087362
http://dx.doi.org/10.1080/00397910008087362

Downloaded by [University of Sydney] at 12:20 12 August 2013

representations or warranties whatsoever as to the accuracy, completeness,
or suitability for any purpose of the Content. Any opinions and views
expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the
Content should not be relied upon and should be independently verified with
primary sources of information. Taylor and Francis shall not be liable for any
losses, actions, claims, proceedings, demands, costs, expenses, damages,
and other liabilities whatsoever or howsoever caused arising directly or
indirectly in connection with, in relation to or arising out of the use of the
Content.

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden. Terms & Conditions of access and use can be found at
http://www.tandfonline.com/page/terms-and-conditions



http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Sydney] at 12:20 12 August 2013

SYNTHETIC COMMUNICATIONS, 30(4), 609618 (2000)

ACYLATION OF DIETHYL PHOSPHONOACETIC ACID
VIA THE MgCly/Et;N SYSTEM: A PRACTICAL SYNTHESIS
OF B-KETO PHOSPHONATES

Bernard Corbel*, Isabelle L.’Hostis-Kervella and Jean-Pierre Haelters

Laboratoire de Chimie Hétéro-Organique, U.F.R. Sciences,
Université de Bretagne Occidentale, B.P. 809, F-29285 BREST Cedex

Abstract: A one pot simple procedure for the synthesis of B-keto phosphonates
has been developed using the MgCly/Et;N base system to generate the magnesium
enolate of diethyl phosphonoacetic acid. This intermediate reacts with acid
chlorides or imidazolides to give, after workup, the title compounds in good
yields.

-keto phosphonates are important compounds in organophosphorus chemistry.
They are not only used to prepare o,p-unsaturated carbonyl derivatives via the
Horner-Wadsworth-Emmons reaction!, but also as ligands in liquid-liquid
extraction of metal ions22 or as starting material to synthesize either B-amino-
phosphonates or B-hydroxy derivatives?b endowed with interesting biological
properties. Several synthesis approaches have been reported in the literature3-9,

but none is fully satisfactory.

Our continuing interest in B-keto phosphonate chemistry has led us to recently
propose, a new and general pathway!0 taken from malonic synthesis according to

Rathke!l; it relies on the acylation between an acid chloride, imidazolide or

*To whom correspondence should be addressed; e. mail: Bernard.Corbel@univ-brest.fr
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anhydride, and the magnesium enolate of a trialkyl phosphonoacetate. After a
thermal decarbalkoxylation, the intermediate f3-keto-p'-phosphono-ester gives the
expected B-keto phosphonate in good yields (70-98%). A characteristic feature of
this reaction stands in the chelation of phosphonic and carboxylic esters with a
magnesium salt: this process lowers the pKa of adjacent methylene and makes
easier the formation of the carbanion a to the phosphoryl. As demonstrated by
Kim!® and our team it is a general method with advantages such as low-cost,
base-safety and easy-implementation.

However, the thermal decarbalkoxylation required in the second step of this
procedure can slow down its development. This problem, already met in the
malonic synthesis!2 of B-ketoesters, has led chemists to use malonates carrying
either an acid-labile function, e.g. tert-butyl ester!32, tetrahydropyranyl ester!3b
and Meldrum’s acid13¢, or malonic hemiesters!3d, After acylation, room
temperature hydrolysis is accompanied with spontaneous decomposition with

carbon gas evolution.

In a recent paper Kim!4 applied this idea to prepare B-keto phosphonates and
proposed a synthesis procedure via an acid chloride acylation of the diethyl-
phosphono acetic acid lithio dianion. Even though the decarbalkoxylation step is
avoided, the use of two equivalents of n-butyllithium is, once again, a limitation to

the applicability of the method.
In 1993 Wemple!S described the use of Rathke’s MgCly/R3N protocol!! in a
large-scale production of B-keto esters from potassium ethylmalonate. This

operationally-simple procedure was also applied by Krysanl®é to synthesize

a-acylamino-B-keto esters (See scheme 1) :

1- MgCl,, Et,N
EtO oK* 2- RCOC! EtO w R
_— >
\“/\n/ CH.CN, 0°C then RT
o o o (o]

1993 WEMPLE 83-94 % yield
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NHBoc 1- MgCl, EtN NHBoc
2-Rcoc R
HO,C” “CO,Et —> COEt
CH,CN, 0°C then RT o
1996 KRYSAN 65-92 % yield

Scheme 1

Results and discussion

In this paper we wish to report that the Wemple procedure was successfully
applied to the diethylphosphonoacetic acid substrate 1 to prepare B-keto
phosphonates 2 (Scheme 2):

1- MgCl,, 2.5eq; Et;N, 3.5eq

2. RCOX R
(€t0),P” > COH > (EtO), P /\ﬂ/
I o
o CH,CN, 0°C then RT 6 o

-
R = alkyl, aryl X=Cl, -N/\:'N 40 - 90% yield

Scheme 2

This method was tested with different alkoyl-, aroyl-chlorides and imidazolides. A

short study of reaction parameters enabled us to optimize them (Table).

Acylation yields were comparable to those obtained with carboxylic derivatives
when starting from diethyl phosphonoacetic acid potassium salt or acid. So, for
practical reason, to carry out these syntheses we chose the acid as substrate; this

compound, indeed, gives triethylammonium acetate via an acid-base exchange.

Method A used twice the amount of phosphonoacetic substrate (see Table) and
gave high yields (72-77%) with aliphatic imidazolides and aromatic acid chlorides
(77-90%). On the other hand, yields were low (40%) with aliphatic acid chlorides.
This result may be due to the formation of both ketene-derived by-products and
B,B-diketo phosphonate 3a which was isolated after workup. This diacylation

reaction has been also mentioned by several authors!3d:e.f when carrying out the
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Table: Scope of B-keto phosphonates synthesis

CORBEL, L’HOSTIS-KERVELLA, AND HAELTERS

using the diethylphosphonoacetic acid/ Et;N/MgCL/RCOX system

Products Me.thod:ﬁ‘ R-CO-X Yieldb % Literature®
(Reaction time)
2a A (2 days, RT) C;Hs- CO-Cl (40 (+3a, 15%) | (4a), (7b), (10a), (5d)
A (1 day, RT) C;Hs- CO-Im |75
B (1 day,RT,2h id 35 (+ 3a, 30%)
reflux)
2b A (1 day, RT) CH3-CO-Im 77 (5d), (61), (7)), (10a)
2¢ A (1 day, RT) CsH;;-CO-Im |72 (7b), (8a), (10a)
2d |A (2 days,RT) g . |63 (102)
( 1 N/\.!/
[¢]
C (15h,RT) id 57
2e A (15h,RT) @coc, 77 (4a), (7b), (10a)
C(15h,RT) id 83
A (15h,RT) @com 10
A (2 h, reflux) id 15 (+ 3e, 35%)
B (2 h, reflux) id 0 (3e, 40%)
2f A(15h,RT) o @com 90 (3c,d)
B (15h, RT) id 47
2g A (15h,RT) cHo @ coct 77 (4b), (7b), (10b)
2h A (15h,RT) 81 (10c)

CIOCOCI

a) Method A: 1.2 eq MgCl,, 2 eq Et;N, 0.5 eq R-CO-X; Method B: 1 eq MgCl,, 3 eq Ei;N, 1 eq R-CO-X;
Method C: 2.5 eq MgCly, 3.5 eq Et;N, 1 eq R-CO-X.
b) Yields are reported on distilled or chromatographied diethyl 2-oxoalkylphosphonates.

¢) Diethyl 2-oxoalkylphosphonates were fully characterized by physicochemical methods (IR, *'P and 'H

NMR).
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acylation of malonic hemiesters magnesium salts. To avoid this side reaction and
obtain B-keto esters in good purity, Bram and Vilkas!3d have suggested to
substitute an imidazolide for the more reactive acid chloride. The same procedure
was applied here to get mono-ketonic derivatives (2, R = alkyl). However, one
should note that heating the reaction mixture speeds up the substrate
transformation, but entails the formation of a side product, the diketone 3a, which

can be explained as follows (Scheme 3) :

1- MgCl,, 1 eq; ELN, 3eq \OlMg/
(Et0), P~ " COH 2- C,H,-CO-CI o VR IR
0 CH,CN , 0°C then RT (Et0), P
1 0] o
-Co,
C,H,-CO-Cl
0]
1- MgBr,, Pyr.
2- C,H,-CO-CI
(EtO), ﬁY\ _n_—> (Et0), ﬁ
) o CH,CN , 92% yield o o
2a 3a
Scheme 3

For benzoic acid derivatives, acid chlorides should be preferred to the less
reactive imidazolides (See 2e) which, further to reaction mixture heating, give a
50/50 mixture of the expected B-keto phosphonate 2e and diketonic derivative 3e.

In two sets of experiments we investigated the possibility of reducing the
substrate/acylating reagent ratio, using equimolecular amounts (Methods B, C). In
method B, when using one equivalent of magnesium chloride the yield was cut by
two (See 2a, 2e) and diketo phosphonates were always present. Using 2.5
equivalents of magnesium chloride restored good yields (See 2d, 2e) highlighting,

thus, that it was crucial to use more than 2 equivalents of magnesium chloride.
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In conclusion, we have developed a simple and practical procedure to prepare
B-keto phosphonates based on a one-pot acylation of magnesium enolate
derivative of diethyl phosphonoacetic acid, the magnesium chloride-triethylamine
system favorably replacing strong bases like BuLi and (EtO);Mg usually used to

prepare these compounds.

Experimental section

Magnesium chloride was purchased from Aldrich Chem. Co and used as is. It can
be dried by chlorotrimethylsilane treatment!!. Prior to their use acetonitrile was
distilled from phosphoric anhydride, and triethylamine from sodium. The
preparation of diethyl phosphonoacetic acid was adapted from a procedure
developed by Strube!7 for potassium ethyl malonate: KOH saponification of
triethyl phosphonoacetate in a 1/1: THF/H;0 mixture of solvents followed by an
acid-base workup. Acyl imidazolides were prepared by the method of Staab!8. 'H,
and *'P NMR spectra were recorded on a BRUKER AC 300 spectrometer.

General procedure for the acylation of diethyl phosphonoacetic acid:

Method A :Diethyl phosphonoacetic acid (1.96 g, 10 mmol) was placed under
nitrogen in a 100 mL three-neck flask. Acetonitrile (15 mL) was added, then the
mixture was stirred and cooled to 10°C. Triethylamine (2.8 mL, 20 mmol) was
first added, then magnesium chloride (1.14 g, 12 mmol), and stirring continued at
room temperature for two hours. The slurry was cooled down to 0°C and an
acetonitrile solution (5 mL) of the acid chloride (5 mmol) or imidazolide!8 was
added dropwise. The reaction mixture was allowed to stir for 15 to 48 hours at
room temperature before removing acetonitrile under vacuum. Aqueous HCI 1 M
was added and the organic material extracted with methylene chloride (3 x 20
mL). The organic phase was washed with a saturated aqueous solution of

NaHCO; and dried with Na;SO4. The organic phase was concentrated under

vacuum to give the B-keto phosphonate 2 which was purified by distillation or

liquid chromatography.
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Method B: The procedure was the same as above except for magnesium chloride,
triethylamine and acylating reagent amounts which were 1/3/1 equivalent(s)

respectively.

Method C: Equimolecular amounts of diethyl phosphonoacetic acid and acylating
reagent, 2.5 equivalents of magnesium chloride and 3.5 equivalents of

triethylamine were used.

Diethyl 3,5-dioxo-4-heptylphosphonate 3a:

To a magnesium bromide etheral solution (0.27 g Mg, 11 mmol; 1.75 g Bry;
10 mL ether) a methylene chloride solution of diethyl 2-oxobutylphosphonate
(10 mmol in 10 mL CH,Cly) and 2 mL of pyridine (25 mmol.) was added. The
mixture was cooled down to 0°C before the dropwise addition of propanoyl
chloride (1.1eq in 5mL CH,Cly). After 15hours at room temperature, the
reaction was quenched with 20 mL of 1 M HCI and extracted with methylene
chloride. The organic phase was dried over Na;SO4. The solvent was removed
under vacuum to give 2.5 g (crude yield: 94%) of 3a as an oil.

Analytical data: C;H;0sP, MW: 264.25; calc: C (50.00%), H (8.01%), found: C
(49.81%), H (7.88%); 5 *'P NMR (CDCl): 13.6 (Keto form, 40%); 20.1 (Enol
form, 60%). & 'H NMR (CDCL): 1.15 (bt, 6 H, Juy=7Hz); 1.34 (t, 6 H,
Juu=7Hz); 2.5-3 (m, 4H); 4.07 (gn, 4 H, Jyu=Jeu=7Hz); 45 (d, 04 H,
Jpu= 23 Hz, keto form).

Diethyl 1,3-dioxo-1,3-diphenyl-2-propylphosphonate 3e was prepared from
diethyl 2-oxo0-2-phenylethylphosphonate and benzoyl chloride in 92% crude yield.
3e was also obtained as by-product using method A and method B (PhCOIm,
reflux).

Analytical data: C;9H;;0sP, MW: 360.34; calc: C (63.33%), H (5.87%), found: C
(63.05%), H (5.68%). 5 *'P NMR (CDCly): 14.4 (Keto form, 100%) . 5§ 'H NMR
(CDCl;): 1.22 (t, 6H, Jyy=7 Hz) ; 422 (qn, 4 H, Juu=Jpu=7Hz); 6.15 (d, 1 H,
Jey=21 Hz); 1-8.1 (m, 10 H).



Downloaded by [University of Sydney] at 12:20 12 August 2013

616

CORBEL, L’'HOSTIS-KERVELLA, AND HAELTERS

References and notes

l.

Wadsworth, W.S., Jr. Org. React. 1977, 25, 73-253. Walker, B.J. In
Organophosphorus Reagents in Organic Synthesis; Cadogan, J.1.G., Ed.;
Academic Press: New-York, 1979, 155-206. Maryanoff, B.E.; Reitz, A.B.
Chem. Rev. 1989, 89, 863-927, and references cited therein.

(a) Cotton, F.A.; Schunn, RA. J Am. Chem. Soc. 1963, 85, 2384-
2388. Sturtz, G.; Clément, J.C.; Daniel, A.; Molinier, J.; Lenzi, M. Bull. Soc.
Chim. 1981, 167-171. McCabe, D.J.; Duesler, EN.; Paine, R.T.; Inorg.
Chem. 1985, 24, 4626-4632 and quoted references.

(b) Ryglowski, A.; Kafarski, P. Tetrahedron 1996, 52, 10685-10692.

(a) Arbuzov, B.A. Pure Appl. Chem. 1964, 9, 307-335. (b) Bhattacharya,
A K. ; Thyagarajan, G. Chem. Rev. 1981, 81, 415-430. (c) Bianchini, J.P;
Gaydou, EM. C.R. Acad. Sc. Paris, série C, 1975, 280, 1521-1523. (d)
Babouléne, M.; Sturtz, G. Bull Soc. Chim. Fr. 1974, 1585-1590.
(e) Lichtenthaler, F.W. Chem. Rev. 1961, 61, 607-649. (f) Arbuzov, B.A.;
Vinogradova, V.S.; Polezhaeva, N.A. Izvest. Akad. Nauk. SSSR, Otdel. Khim.
Nauk. 1960, 832-841. (g) Sturtz, G. Bull. Soc. Chim. 1964, 2333-2340 ; 1964,
2340-2348,.

(a) Corbel, B.; Medinger, L.; Haelters, J.P.; Sturtz, G. Synthesis 1985, 1048-
1051. (b) Yuan, C.; Xie, R. Phosphorus, Sulfur and Silicon. 1994, 90, 47-51.
(c) Baccolini, G.; Todesco, P.E.; Dalpozzo, R.; De Nino, A. Gazetta Chimica
ltaliana 1996, 126, 271-273.

(a) Sturtz, G.; Charrier, C.; Normant, H. Bull. Soc. Chim. Fr. 1966, 1707-
1713. (b) Chattha, M.S.; Aguiar, AM. J. Org. Chem. 1972, 37, 1845-1846.
(c) Poss, A.J.; Belter, RK. J Org. Chem. 1987, 52, 4810-4812. (d) Sturtz, G.
Bull. Soc. Chim. 1967, 1345-1353. (e¢) Boeckman, R.K. Jr.; Walters, M.A.;
Koyano, H. Tetrahedron Letr. 1989, 30, 4787-4790. (f) Chattha, M.S.;
Aguiar, AM. J. Org. Chem. 1973, 38, 2908-2909.

(a) Normant, H.; Sturtz, G. C. R. Acad. Sci. 1965, 260, 1984-1987. (b)Kim,
D.Y.; Lee, K.; Oh, D.Y. J. Chem. Soc. Perkin Trans. 1, 1992, 2451-2452. (c)
Gasteiger, J. ; Herzig, C. Tetrahedron Lett. 1980, 21, 2687-2688. (d) Koh,
Y.J.; Oh, D.Y. Tetrahedron Lett. 1993, 34, 2147-2148. (¢) Kim, D.Y.; Kong,
M.S. J. Chem. Soc. Perkin Trans. 1, 1994, 3359-3360. (f) Sturtz, G.;



Downloaded by [University of Sydney] at 12:20 12 August 2013

B-KETO PHOSPHONATES 617

10.

1.

Pondaven-Raphalen, A. J. Chem. Res., Miniprint 1980, 2512-2523; J. Chem.
Res., Synop. 1980, 5, 175.

(a) Corey, E.J.; Kwiatkowski, G.T. J. 4m. Chem. Soc. 1966, 88, 5654-5656.
Theisen, P.D.; Heathcock, C.H. J. Org. Chem. 1988, 53, 2374-2378.
Delamarche, 1.; Mosset, P. J. Org. Chem. 1994, 59, 5453-5457 and cited
references. (b) Mathey, F. ; Savignac, Ph. Tetrahedron 1978, 34, 649-654 and
cited references. Savignac, Ph.; Mathey, F. Tetrahedron Lent. 1976, 2829-
2832. Mathey, F. ; Savignac, Ph. Synthesis 1976, 766-767. (c) Coutrot, P.;
Ghribi, A. Synthesis 1986, 661-664.

(a) Grieco, P.A.; Pogonowski, C.S. J. Am. Chem. Soc. 1973, 95, 3071-3072.
(b) Calogeropoulou, T.; Hammond, G.B. ; Wiemer, D.F. J Org. Chem. 1987,
52, 4185-4190. (¢) An, Y-Z.; An, G.A.; Wiemer, D.F. J. Org. Chem. 1994,
59, 8197-8202.

Other synthesis pathways:

(a) Sampson, P.; Hammond, G.B.; Wiemer, D.F. J. Org. Chem. 1986, 51,
4342-4347. (b) Roussis, V.; Wiemer, D.F. J. Org. Chem. 1989, 54, 627-631.
(c) Lee, K.; Wiemer, D.F. J. Org. Chem. 1991, 56, 5556-5560. (d) Hong, S.;
Chang, K.; Ku, B. ; Oh, D.Y. Tetrahedron Lett. 1989, 30, 3307-3308. (e)
Coutrot, P.; Grison, C. Tetrahedron Lett. 1988, 29, 2655-2658. (f) Lequeux,
T.P.; Percy, JM. J Chem. Soc. Chem. Commun. 1995, 2111-2112. (g) Lee,
K.; Oh, D.Y. Synth. Commun. 1991, 21, 279-284.

(a) Corbel, B. ; L'Hostis-Kervella, L. ; Haelters, J-P. Synth. Commun. 1996, 26,
2561-2568 and cited references. (b) Kim, D.Y.; Kong, M.S.; Rhie, D.Y. Synth.
Commun. 1995, 25, 2865-2869. (c¢) Kim, D.Y.; Kong, M.S.; Kim, T.H. Synth.
Commun. 1996, 26, 2487-2496.

(a) Rathke, M.W.; Cowan, P.J. J Org Chem 1985, 50, 2622-2624.
(b) Rathke, M.W.; Nowak, M.A. Synth. Comm. 1985, 15, 1039-1049. Kuo,
D.L. Tetrahedron, 1992, 48, 9233-9236.

. (a) Riegel, B. ; Lilienfeld, W.M. J. Am. Chem. Soc. 1945, 67, 1273-1275. (b)

Pollet, P.L. J. Chem. Educ. 1983, 60, 244-246.

. (a) Breslow, D.S.; Baumgarten, E.; Hauser, C.R. J. Am. Chem. Soc. 1944, 66,

1286-1288. Taylor, E.C.; McKillop, A. Tetrahedron 1967, 23, 897-900.



Downloaded by [University of Sydney] at 12:20 12 August 2013

618

14.
15.

16.
17.
18.

CORBEL, L’HOSTIS-KERVELLA, AND HAELTERS

Pichat, L.; Beaucourt, J.P. Synthesis 1973, 537-538. (b) Bowman, R.E,;
Fordham, W.D. J. Chem. Soc. 1952, 3945-3949. (c) Oikawa, Y.; Sugano, K.;
Yonemitsu, O. J. Org. Chem. 1978, 43, 2087-2088. Houghton, R.P.; Lapham,
D.J. Synthesis 1982, 451-452. (d) Ireland, R.E.; Marshall, J.A. J Am. Chem.
Soc. 1959, 81, 2907-2908. Brooks, D.W.; Lu, L.D.L.; Masamune, S. Angew.
Chem. 1979, 91, 76-71. (e) Bram, G.; Vilkas, M. Bull. Soc. Chim. 1964, 945-
951. (f) Pollet, P.; Gelin, S. Synthesis 1978, 142-143, Pollet, P.; Gelin, S.
Tetrahedron 1978, 34, 1453-1455.

Kim, D.Y. Bull. Korean. Chem. Soc. 1997, 18, 339-341.

Clay, R.J.; Collom, T.A.; Karrick, G.L. ; Wemple, J. Synthesis 1993, 290-
292.

Krysan, D.J. Tetrahedron Lett. 1996, 3303-3306.
Strubbe, R.E. Org. Synth. Coll. Vol. IV, 1963, 417-419.

Staab, H.A. Angew. Chem. Int. Ed. Engl. 1962, 1, 351-352. Baker, D.C.; Putt,
S.R. Synthesis, 1978, 478-479.

Received 9 April 1999; revised 1 June 1999; accepted in Exeter
18 June 1999



