
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 29 January 2011
Access details: Access Details: Free Access
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

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

NEW CONVENIENT SYNTHESIS OF PHOSPHONIC KETENE
DITHIOACETALS USING POTASSIUM FLUORIDE ON ALUMINA
Didier Villemina; Frédéric Thibault-Starzyka; Eric Esprimonta

a Laboratoire de Chimie des Composés Thio-Organiques, Ecole Nationale Supérieure d'Ingénieurs de
Caen, I. S. M. Ra., U. R. A. 480 CNRS, Caen Cedex, France

To cite this Article Villemin, Didier , Thibault-Starzyk, Frédéric and Esprimont, Eric(1992) 'NEW CONVENIENT
SYNTHESIS OF PHOSPHONIC KETENE DITHIOACETALS USING POTASSIUM FLUORIDE ON ALUMINA',
Phosphorus, Sulfur, and Silicon and the Related Elements, 70: 1, 117 — 120
To link to this Article: DOI: 10.1080/10426509208049159
URL: http://dx.doi.org/10.1080/10426509208049159

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509208049159
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphoru, Sulfur, and Silicon, 1992. VOl. 70, pp. 117-120 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1992 Gordon and Breach Science Publishen S.A. 
Printed in the United Kingdom 

NEW CONVENIENT SYNTHESIS OF' PHOSPHONIC 
KETENE DITHIOACETALS USING POTASSIUM 

FLUORIDE ON ALUMINA 

DIDIER VILLEMIN,* FREDERIC THIBAULT-STARZYK and 
ERIC ESPRIMONT 

Laboratoire de Chimie des Composis Thio-Organiques, Ecole Nationale 
Supirieure d'lnginieurs de Caen, 1. S. M .  Ra., I/. R. A .  480 CNRS, 6 boulevard 

du Marichal Juin, 14050 Caen Cedex, France 

(Received March 10, 1992) 

A new, simple and effective method using Alumina-W as a solid basic catalyst for the preparation of 
phosphonic ketene dithioacetals is described. The reaction of these ketene dithioacetals with amines 
was studied. 

Key worhi:  Phosphonate; ketenedithioacetal; solid basic catalyst; potentially active drugs 

The condensation of active methylene compounds with carbon disulfide leads to 
ketene dithioacetals, useful and versatile compounds available for both nucleophilic 
and electrophilic attacks.'V2 We have previously described the preparation of several 
alpha-keto, alpha-cyano and alpha-carboxyl ketene dithioacetals using potassium 
fluoride on alumina as a basic ~ a t a l y s t . ~  We report here the preparation of phos- 
phonic ketene dithioacetals by this easy and efficient method, slightly modified for 
this application. 

The phosphonic active methylene compounds is placed with carbon disulfide in 
an open vial and the addition of potassium fluoride on alumina generates the anion 
which is quenched with halogenide. The ketene dithioacetal is then obtained by 
rinsing the solid with methylene chloride. The product is obtained pure by evap- 
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Scheme I Preparation of the phosphonic ketene dithioacetals on KF/AI,O,. 
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Scheme I1 Reaction with amines. 

oration of the by-products under reduced pressure and filtration on silica-gel. No 
distillation was necessary. This avoided thermal decomposition of the product 
(Scheme I) .  The potassium fluoride on alumina is easily prepared from potassium 
fluoride and chromatographic neutral alumina.6 

The first preparation of tetraethyl 2,2-dimethylthioethenediylidene diphospho- 
nate 3a was described very recently by another method,J but the obtained yield 
was only 43%. Our method has the advantage of needing no inert atmosphere, no 
aggressive reactants nor liquid-liquid extraction, and the yield is quantitative. 

Reaction of these ketene dithioacetals with amines5 leads to the compounds 4 
(Scheme 11). Steric factors play an important role in the ease of the reaction: while 
RCH,NH, type amines reacted easily, more hindered amines did not react. We 
obtained no reaction with aniline, adamantanamine, isopropylamine or diethyla- 
mine. 

Trying to carry out the reactions in alcohol, we had evidences for the substitution 
of the methylthio group by an ethoxyl, in the presence of a strong enough base. 
This aspect of the reactivity of phosphonic ketene dithioacetals will be discussed 
in a next paper. 

The ketene dithioacetals were deprotected to free phosphonic and carboxylic 
acids upon treatment with trimethylsilyl bromide. These phosphonic acids may 
have antiviral properties due to their analogy with natural pyrophosphates. Bio- 
logical tests on HIV are in progress at RhBne-Poulenc-Rorer's. 

EXPERIMENTAL 

Infrared spectra were recorded in IU3r or between NaCl plates on a Perkin Elmer 684 IR spectropho- 
tometer, absorptions in cm-I. Proton NMR spectra (PMR) were recorded in ppm downfield from 
internal Me,Si on a Varian EM 360 instrument (60 MHz). "C NMR spectra were recorded in ppm 
downfield from internal Me,Si on a Brucker WP 60, as were the "P NMR spectra, in ppm downfield 
from external H,PO,. Mass spectra (MS) were recorded on a Nermag R10-1OH spectrometer. Alumina- 
KF is prepared as previously described.6 

Tetraethyl 2,2-Di(methylthio)etkenediylidenediphosphonate (3a). Typical procedure: Carbon disul- 
fide (22 mmol; 1.3 ml) is added to tetraethyl methylenediphosphonate (20 mmol; 5 ml) in THF (50 
ml). Alumina-KF (32 g) is added. The mixture is stirred on a shaker for 30 min. Iodomethane (44 
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TABLE I 
Amines prepared 

4 Reaction Purification Yield mp N V ( c r n - l )  MS(7OcV)m/z 
timc ec, 

a 6Omn chromatography 75 4 0  1640, 1450. 386 (M+.7.5) 
1340. 1240, 341 (2.5), 249 
1040, 965, (79), 206 (44), 

800 44 (100) 

b 48 h acido-basic 20 5O(dec) 1590,1040, 
960.730 

c 48 h chromatography SO 4 0  1440, 1240 416(M+-2. 10) 
1040, 960, 255 (6). 

800 45 (100) 

TABLE I1 
Amines prepared: physical data 

4 1HNMR(CDCI3) 13C NMR (CDCl3) 31P NMR 
6 6 (mb) 6 

a 1.3 (t. 12 H, -0-C-CHj) 15 (N-C-rn3) 29.3 
1.3 (t. 6 H. N-(2-043) 
3.1 (dq, 4 H, N-CH2) 

16 (O-C-rn3) 
40.9 (N-C-cH3) 

4.0 (m, 8 H. 0-CH2) 
8.5 (s, 2 H. N-H) 119 (t, Jc.p=150 HI, P-C) 

170 (t. *Jc.p=lO Hz. P-C-C) 

61 (O-C-rn3) 

b 1.3 (t. 12 H, O-C-CH3) 16.3 (O-C-cH3) 12.5 
4.1 (rn, 8 H, 0-CH2) 

9 (m; NH) 

2.6 (m, 4H. N-C-CH2) 
3.6 (q, 4 H, N-CH2) 

61 (O-fH2) 
17 1 ( t ? J c . ~ 2  I HzS-C-€I 

53 & 57 (N-cH2-CH2-OH) 
62 (O-CH2-CH3) 
96 (t, IJc.p=215 Hz, P-C-P) 

c 1.3 (t. 12 H, O-C-CH3) 16 (O-CHz-rn3) 18.8 

4.1 (m, 8 H, 0-CH2) 

mmol; 2.8 ml) is then added, and the mixture stirred for 60 rnin. It is then filtered, and the solid is 
washed with methylene chloride. The solvent is evaporated under reduced pressure, and the by-products 
(mainly dimethyl trithiocarbonate) are distilled at T C 120°C and 0.1 mrn Hg. The product is a yellow 
liquid obtained pure by dissolution in methylene chloride, filtration on silica-gel and evaporation of 
the solvent. The yield is 95%. 
'H NMR (CCI,) 6: 1.35 (I, J = 7 Hz, 12H, P a - C H , ) ,  2.6 (s, 6H, -HI), 4.1 (dq, Jl = J2 
= 7 Hz, P-U-CH). 
IR (NaCI): 1420, 1230, 1025, 960, 790. 

31P NMR (CDCIJ 6: 12.5. 
MS (70 eV) dz (%): 392 (M+, 1.3). 345 (2.72), 331 (7.82), 49 (100). 
Anal. Calcd. for C,2HZ606PZS2: S, 16.3. Found: 16.2. 

Methyl 2-(dimethylthio)mefhylene-2-diethylphosphonoaceta1e (3b). 
from triethyl phosphonoacetate (20 mmol; 4 ml). Yellow liquid, obtained with 85% yield. 

NMR (CDCIJ 6: 16.3 ( P e < H 3 ) ,  20.5 (S--CHJ, 62.5 ( P a ) ,  116.5 (I, I = 172 I+, 
P 4 - P ) ,  179.7 ( M - S ) .  

Prepared by a similar procedure, 
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IH NMR (CCI,) 6: 1.3 ( t ,  6H, P-O-C-CH,), 2.4 (m,  6H. S-CH,) ,  3.7 (s, 3H, C--O--CH,). 4.1 
( m ,  4H, O - C H J .  
IR (NaCI): 1725, 1425, 1420, 1160, 1050, 960. 

,IP NMR (CDCI,) 6: 8.2. 
MS (70 eV) d z  (%): 315 (MH', 78). 283 (85), 253 (34), 44(100). 
Anal. Calcd. for CI,Jd2,01PSz: S, 20.3. Found: 20.5. 

Reaction of3 with amines. Typicalprocedure: The ketene dithioacetal(5 mmol) is added to a solution 
of the free amine (15 mmol) in 25 ml THF. The mixture is heated at 65°C for the time indicated in 
Table I. After cooling, the product is obtained by filtration. It is then purified by filtration on silica- 
gel or by using its acido-basic properties: dissolution in acidic water-extraction with methylene chlo- 
ride-made basic with NaOH-washing with water-evaporation of the organic solvent at 20°C under 
reduced pressure, dissolution in acetone and precipitation of the hydrochloride upon treatment with 
HCI (indicated in Table I and Table 11). 

"C NMR (CDCI,) 6: 17 (P-X-H,), 20.5 (-HI), 52 ( C a i H 3 ) .  62 ( P a ) ,  129.0 ( d ,  
I = 184 Hz, P<), 158.4 ( d ,  I = 6 Hz, P--C<C, 162 ( M - S ) .  
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