
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 28 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

DIMETHYL 3-CHLOROPROP-1-EN-2-YLPHOSPHONATE. PART 3.
ALKYLATION OF ANIONIC O AND C NUCLEOPHILES AND
PREPARATION OF 1-ALKENYL-2-PHOSPHONATES
Igor E. Gurevicha; John C. Tebbya; Alla V. Dogadinab; Boris I. Ioninb

a Staffordshire University, Stoke-on-Trent, UK b St.-Petersburg Institute of Technology, St. Petersburg,
Russia

To cite this Article Gurevich, Igor E. , Tebby, John C. , Dogadina, Alla V. and Ionin, Boris I.(1999) 'DIMETHYL 3-
CHLOROPROP-1-EN-2-YLPHOSPHONATE. PART 3. ALKYLATION OF ANIONIC O AND C NUCLEOPHILES AND
PREPARATION OF 1-ALKENYL-2-PHOSPHONATES', Phosphorus, Sulfur, and Silicon and the Related Elements, 148: 1,
61 — 78
To link to this Article: DOI: 10.1080/10426509908037001
URL: http://dx.doi.org/10.1080/10426509908037001

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/10.1080/10426509908037001
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus, Sulfur and Silicon, 1999. Vol. 148, pp. 61-78 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1999 OPA (Overseas Publishers Association) 
Amsterdam N.V. Published under license by 

lhe Gordon and Breach Science Publishers imprint. 
Prinled in Malaysia 

DIMETHYL 

PART 3. ALKYLATION OF ANIONIC 0 AND C 
NUCLEOPHILES AND PREPARATION OF 

3-CHLOROPROP- 1 -EN-2-YLPHOSPHONATEe 

1-ALKENYL-2-PHOSPHONATES 
IGOR E. GUREVICHa, JOHN C. TEBBYa*,  ALLA V. DOGADINAb and 

BORIS I. ION IN^ 
aStaffordshire University, Stoke-on-Trent, ST4 2DE, UK and 

bSt.-Petersburg Institute of Technology, St. Petersburg 198013, Russia 

(Received 03 November; 1998)) 

Under suitable reaction conditions 2-phosphorylated 3-chloropropene 1 monoalkylates me- 
thoxide, ethoxide, thiocyanate, methyl and ally1 Grignard reagents and acetamidomalonate - 
the latter reactions leading to 2-phosphorylated 1-butene, 1,5-hexadiene and C-alkylated 
a-aminoacids. Diethyl malonate and ethyl acetoacetate give mixtures of mono and 
dialkylated products whereas ethyl cyanoacetate gives only dialkylated product. Acetylace- 
tone gives a dialkylated product - the monoalkylated intermediate undergoing acyl cleavage 
to give 2-phosphorylated 5-hexene-2-one as the major product. A new simple route for the 
preparation of 2-phosphorylated 3-halopropenes via a Homer-Wittig reaction between for- 
maldehyde and methylene diphosphonate is described. 

Keywords: Alkenylphosphonates; alkenonephosphonates; aminophosphonopentenoic acids; 
aminophosphonopentanoic acid; cyanoalkenylphosphonates; haloalkenylphosphonates; 
3-hydroxypropen-2-phosphonate 

INTRODUCTION 

3-Chloroprop-1-en-2-ylphosphonate esters and their analogues are syn- 
thetically useful compounds and have been studied in organozinc reac- 
tions['*21 and nucleophilic substitution reactions.[31 With respect to their 
reactions with anionic nucleophiles, Clarke and co-workers have 

* Correspondence Authors. 
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62 IGOR E. GUREVICH et al. 

de~cribed‘~’ the reaction of diethyl 3-bromoprop-1-en-2-ylphosphonate 
with lithiated methyl 1,4-dihydrobenzoate and diethyl 2,5-cyclohexadi- 
enyl- 1-phosphonate whilst Belykh et alLS1 have investigated the reaction of 
dimethyl 3-chloroprop- 1 -en-2-ylphosphonate with sodium methoxide and 
potassium iodide. As a part of our program on the synthesis of unsaturated 
compounds with a phosphonate group at C-2, we have undertaken a study 
of the reactions of dimethyl 3-chloroprop- 1 -en-Zylphosphonate with a 
wider range of anionic nucleophiles and investigated their synthetic appli- 
cations. 

RESULTS AND DISCUSSION 

It has been reported,[51 that the reaction of phosphonate 1 with an excess of 
sodium methoxide in methanol at elevated temperature leads to substitu- 
tion of allylic chlorine followed by addition of methanol across the double 
bond (Scheme 1) - the only product isolated being dimethyl 1,3-dime- 
thoxypropane-2-phosphonate 2. We have found, that under mild condi- 
tions, it is possible to restrict the reaction to the formation of 3-methoxy 
propene-2-phosphonate 3 exclusively. Similarly, the reaction with sodium 
ethoxide under mild conditions gave 3-ethoxy propene-2-phosphonate 4 as 
the final product. No prototropic isomerisation had occurred. 

L 
3R=CH,;  4RmCzHj 

SCHEME 1 Interaction of dimethyl 3-chloroprop- 1 -en-2-ylphosphonate with sodium alkox- 
ides 

The above results demonstrate, that despite activation of the double 
bond in phosphonates 3, 4 towards addition of nucleophilic agents, it is 
possible to carry out selective substitution of the allylic chlorine in phos- 
phonate 1. On the other hand, reaction of dimethyl 3-chloropro- 
pen-2-phosphonate 1 with potassium t-butoxide proceeded in a different 
manner. The isolated product of the reaction was a small amount of 
3-methoxy propene-2-phosphonate 3. This unexpected result can be 
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ALKENYLPHOSPHONATES 63 

explained by trans-esterification (exchange of the phosphonate ester meth- 
oxy group by t-butoxy group) followed by substitution of the allylic chlo- 
rine in phosphonate 1 only by the released methoxide anion. Similar 
trans-esterification followed by addition of the released ethoxide ion 
occurred in the reaction of diethyl2-propenylphosphonate with one molar 
equivalent of t-butoxide in t-butanol.[61 

Selective substitution of the allylic chlorine of dimethyl 3-chloropro- 
pen-2-phosphonate 1 could also be achieved using nucleophiles of quite 
low basicity to give iodide 5, isocyanate 6 and quinoline 7 (Scheme 2). 

CH2=C-CH2GI NU M CH~=C.CH~-NU SNu = I', M =K' ref 7 
I - I 

P(O)(OCHs)z P(O)(OCHdz 6 Nu = SCN- , M = Na' 
1 

7Nu= s- M =Na' 

&I 
SCHEME 2 Reaction of dimethyl 3-chloroprop-I-en-2-ylphosphonate with low basicity 
nucleophiles 

The reaction of phosphonate 1 with potassium cyanide was more com- 
plex. When the reaction was carried out in an aprotic solvent such as ace- 
tonitrile, selective allylic substitution to give the ally1 nitrile 8 was 
accompanied by tautomerism to the crotononitrile isomer 9 (Scheme 3). 
The ratio of the products depended on the quantity of KCN used and the 
extent of the reaction. A low concentration of KCN and low degree of con- 
version favoured formation of the allylic nitrile 8. Whereas when the reac- 
tion was carried out in a protic solvent such as methanol, only the isomeric 
crotononitrile 9 was isolated. These results are attributed to increased acid- 
ity of the methylene group in the allylic nitrile 8 - base catalysed protot- 
ropy occurring rapidly under the action of cyanide anion in the presence of 
a proton source. The formation of the least sterically strained E-isomer of 
phosphonate 9 supports this explanation. 

1 8 9 

SCHEME 3 Reaction of dimethyl 3-chloroprop-1-en-2-ylphosphonate with KCN 
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64 IGOR E. GUREVICH et al. 

The selectivity can be extended to the reactions of Grignard reagents. 
Thus dimethyl 3-chloropropen-2-phosphonate 1 reacted with methyl or 
ally1 magnesium halides to give 2-butenyl and 2-hexadienyl phosphonates 
10 and 11 respectively (Scheme4). This reaction opens a new general 
approach for the synthesis of 1 -alkenyl-2-phosphonates. 

SCHEME 4 Reaction of dimethyl 3-chloroprop-1-en-2-ylphosphonate with Grignard rea- 
gents 

The ester 1 underwent facile reactions with the enolates of various 
malonates, P-ketoesters and P-diketones opening up the synthetic horizons 
further still. Thus the anion of diethyl acetamidomalonate reacted with 
phosphonate 1 to give 64% of the amidodiester 12 (Scheme 5). 

NH-C(O)CH> 

SCHEME 5 Reaction of dimethyl 3-chloroprop-1-en-2-ylphosphonate with the enolate 
derived from diethyl acetamidomalonate 

On the other hand, reaction of the phosphonate 1 with enolates derived 
from diethyl malonate, ethyl acetoacetate and ethyl cyanoacetate all gave 
products of both mono- and dialkylation 13,14 and 15,16,17 respectively 
(Scheme6). The reactions were carried out under the same conditions 
using one equivalent of the enolate. The ratio of products of mono to di- 
substitution was 1: 0.35 for diethyl malonate and 1: 1.2 for ethyl acetoace- 
tate. The disubstituted compound 17 was the sole product in the case of 
ethyl cyanoacetate. Whilst no product of monosubstitution was detected 
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ALKENYLPHOSPHONATES 65 

with the anion derived from acetylacetone, the reaction led to the fonna- 
tion of three organophosphory compounds: the product of base-induced 
cleavage ofthe product of monoalkylation 18, the product of dialkylation 
19 and 3-ethoxy propene-2-phosphonate 4 in the ratio 1: 1.3: 1.7, respec- 
tively (Scheme 7). Formation of phosphonate 4 can be avoided by the use 
of sodium carbonate instead of sodium ethoxide, in which case the ketone 
18 is the main product. The ratio of ketone 18 and dialkylation product 19 
was 4.7: 1. Thus the ester 1 reacts readily with a range of relatively stable 
bulky enolates - the reaction products being determined more by nucle- 
ophilicity and thus the ease of formation of the enolates rather than their 
basicity. 

I 
13 R = COOEt (CHiO)rP=O 
14 R = C(O)CH, 

15 R = COOEt 
16 R=C(O)CH, 
17 R = C N  

SCHEME 6 Reaction of dimethyl 3-chloroprop-1-en-2-ylphosphonate with the diethyl 
malonate, ethyl acetoacetone and ethyl cyanoacetate derived anions 

SCHEME 7 Reaction of dimethyl 3-chloroprop-l -en-2-ylphosphonate with anions derived 
from acetylacetone 

Acidic hydrolysis of compounds 12 - 16 afforded aminophosphonocar- 
boxylic acid 20 and phosphonocarboxylic acids 21- 23 which were sepa- 
rated as cyclohexylammonium salts (Scheme 8). Many members of these 
classes of compounds possess biological acti~ity.[~-'~I Thus amino- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
3
5
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



66 IGOR E. GUREVICH et al. 

phosphonocarboxylic acid 20 is related to 2-amino-5-phosphonovaleric 
acid 24, an antagonist for the N-methyl-D-aspartate sub-type of glutamate 
 receptor^.['^^] Whilst hydrogenation of the alkenyl phosphonates would 
produce the corresponding saturated compounds 2-amino-4-phosphonova- 
leric acid 25 was obtained by the addition reaction of diethyl acetamid- 
omalonate to dimethyl propene-2-pho~phonate[~~] followed by acidic 
hydrolysis. 

R 
0 

I1 
I HCI, to CHZ=C-CH~-CH~C 

CH2~CCH2CH I \ 
I \  O=P(OH)Z R 

(CHsO)2P=O COOEt 21 R = O H  

13 R=COOEt 
14 R=C(O)CH3 

22 R = C H 3  

(HO)ZP=O 
I 

C H ~ C C H Z  
\ 

(CHjO)2PrO 
I 

CHpCCHz COOEt HCI, 

P CHCOOH 
\ I  
C 

I \  I 
CHz=C-CH2 COOEt CHz=CCH2 

I 
(HO),P=O 23 I 

(CHjO)2P=O 15 

SCHEME 8 Syntheses of phosphoncarboxylic acids through acidic hydrolysis 

It was considered that by analogy with the syntheses of ethyl a-halog- 
enomethylacrylates from ethyl a-hydro~ymethylacrylates,[~~] it might be 
possible to obtain 3-halogenoprop- 1 -en-2-ylphosphonates from 3-hydrox- 
yprop- 1 -en-2-ylphosphonate 26. This possibility was realised and the 
3-fluoro-, 3-bromo-, and 3-iodoprop-1-en-2-ylphosphonates 27,28 and 29 
were produced as shown in Scheme 9. 3-Hydroxyprop- 1-en-Zylphospho- 
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ALKENYLPHOSPHONATES 67 

nate 26 was prepared by the Wittig-Horner reaction of tetraethyl methyl- 
ene diphosphonate 30 with formaldehyde in boiling water using potassium 
carbonate as a base.['51 

In conclusion, 3-halogenopropene-2-phosphonates react readily with 
various anionic nucleophiles providing an effective route to a variety of 
compounds with potential biological or synthetic interest. Although several 
different methods for the preparation of such type compounds have been 
reported,['.'31 they are laborious and more limited in their applications. 

EXPERIMENTAL 

NMR spectra were determined on TESLA BS497 (100 MHz), JEOL 
FX90Q, GSX270 and Bruker AC500 instruments; the solvent was CDCI3. 
J Values recorded in Hz. GC-MS analysis was performed on a VG Trio 
lo00 HS linked to a Car10 Erba Mega GC using a DB 17 0.32 mm capil- 
lary column. The mass spectroscopy conditions were as follows: electron 
energy 70 eV, source temperature 200 OC, resolution 1 a.m.u. 

Dimethyl 3-chloroprop-1-ene-2-ylphosphonate 1 

This was prepared as described previo~sly.['~] 
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68 IGOR E. GUREVICH er al. 

Dimethyl 3-methoxyprop- 1-ene-2-ylphosphonate 3 

To a stirred solution of the ester 1 (1 g) in methanol (5 ml), sodium meth- 
oxide (0.88 g) was added. The stirring was continued for 2 h at room tem- 
perature. Addition of ether (50 ml), gave a precipitate which was removed 
and the filtrate evaporated. To a stirred solution of the residue in ether (2 
ml), triethylamine (1 ml) was added dropwise (to convert unreacted chlo- 
ride 1 to its ammonium The stirring was continued for 10 min at 
room temperature, after which the solution was passed through silica gel 
column (10 g), using ether as eluent. After evaporation of the solvent, vac- 
uum distillation gave the phosphonate 3 (0.6 g, 61 %), bp 75 "C (1.5 mm 

23, JBH 1.7); 3.89 (CH', ,JPH7.3); 3.63 (POCH,, Jp, 11) and 3.29 (OCH,); 
6,129.77 (CHz=, 2Jpc 6.16); 134.7 (-C(P)=, 'Jpc 174.97); 70.53 (CH2, 2Jpc 
16.33); 51.68 (POCH,, 'Jpc 5.53) and 57.5 (OCH,); S, 16.7 (determined 
relative to trimethyl phosphate from 1H-{31P} N O R  spectra). 

Hg); 6~ 5.97 (CHAHB~, 3 J ~ p  47, JAB 1.7, JAH 1.7); 6.03 (CHAHB', ,JBP 

Dimethyl 3-ethoxyprop-1-ene-2-ylphosphonate 4 

To a stirred solution of the ester 4 (0.5 g) in ethanol (2.5 mi), a solution of 
sodium ethoxide, prepared from sodium (0.063 g) and ethanol (2.5 ml) 
was added dropwise. After stirring for 2 h at room temperature, dilution 
with ether (50 ml) gave a precipitate which was removed and the filtrate 
evaporated. To a stirred solution of the residue in ether (2 ml), triethyl- 
amine (1 ml) was added dropwise (to convert unreacted chloride 1 to its 
ammonium salt['31). After stirring for 10 min at room temperature, the 
solution was chromatographed on a silica gel column (10 g), using ether as 
eluent. Evaporation of the appropriate fraction gave phosphonate 4 
(0.32 g, 60 %); 6 ~ 6 . 0 7  (CHAHB=, , J~p47 ,  JAH 1.7); 6.07 (CHAHB=, ,JBp 
24, JBH 1.7); 4.03 (CH2, 3 J p ~  8); 3.67 (POCH,, JpH 11); 3.47 (OCH2, JHH 
7) and 1.13 (CH,); 6, 128.54 (CH2=,'JK 6.54); 134.72 (-C(P)=, 'JPc 
174.47); 67.81 (CH', 2 J p ~  16.72); 50.91 (POCH,, 'JPc 5.41); 64.65 
(OCHZ) and 13.6 (CH3); 6p 17.2 (determined relative to trimethyl phos- 
phate from 1H-{31P} INDOR spectra). 

Reaction of (1) with potassium tert-butoxide in tert-butanol 

The reaction was carried out in the same manner as for dimethyl 3-meth- 
oxyprop-1-ene-2-ylphosphonate 3, using the ester 1 (0.5 g). tert-butanol 
(5  ml) and potassium tert-butoxide (0.3 g). The phosphonate 3 (0.12 g) 
was isolated. 
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ALKENYLPHOSPHONATES 69 

Dimethyl 3-thiocyanatoprop-l-ene-2-ylphosphonate 6 

Sodium thiocyanate (0.9 g) was added to a stirred solution of the ester 1 
(0.4 g) in methanol (10 ml). After stirring for 4 days at room temperature, 
dilution with ether (50 ml), gave a precipitate which was removed and the 
filtrate evaporated to gave the phosphonate 6 (0.38 g, 84 %), 6H 6.18 
(CHAHB=, ,J,p 45); 6.37 (CHAHB=, ,JBp 21); 3.7 (CH2, 3 J p ~  7.5) and 3.7 

181.5); 45.72 (CH2, 2Jpc 19.36); 52.68 (POCH,, 2Jpc 5.28) and 111.16 
(SCN); 8p 15.4 (determined relative to trimethyl phosphate from 1H-{31P} 
INDOR spectra). 

(POCH,, JpH 11); 6c 135.22 (CH,=, 2Jpc 8.42); 131.74 (-C(P)=, 'Jpc 

Dimethyl 3-(8-quinolylthio-S-yl)prop-l-ene-2-phosphonate 7 

Ester 1 (0.86 g) was added to a stirred dispersion of sodium 8-quinolylthi- 
olate (1.06 g) in methanol (80 ml) and water (40 ml). After stirring for 
1.5 days at room temperature a precipitate was removed and a further 
quantity of sodium 8-quinolylthiolate (0.4 g) was added and stimng con- 
tinued for 1 h. The precipitate was removed and the filtrate extracted by 
dichloromethane (3 x 50 ml). The combined organic extracts were evapo- 
rated, after which the residue was chromatographed on a silica gel column 
(20 g), using ether followed by dichloromethane: acetone : hexane (1: 1: 1) 
mixture as eluent. Evaporation of the appropriate fraction gave phospho- 
nate 7 (1 g, 72 %), 6~ 6.16 (CHAH,=, 48); 6.16 (CHAHBZ, 3 J ~ p  22); 
3.84 (CH2, 3 J p ~  9), 3.7 (POCH,, JpH 11) and 8.86, 8.02, 7.6 - 7.1 (CH); 
6, 132.58 (CH2=, 2Jpc 8.65); 132.9 (-C(P)=, 'Jpc 174.82); 31.82 (CH2, 
2Jpc 14.78); 52.72 (POCH,, 2Jpc 5.53) and 149.2 - 121.7 (C, CH); S, 17.3 
(determined relative to trimethyl phosphate from 1H-{31P} INDOR spectra). 

Dimethyl 3-cyanoprop-l-ene-Zylphosphonate 8 

Powdered potassium cyanide (0.07 g) was added to a stirred solution of the 
ester 1 (0.2 g) in acetonitrile (15 ml). After stirring for 1 h at room temper- 
ature dilution with ether (30 ml) gave a precipitate which was removed 
and the filtrate evaporated. The residue was chromatographed on a silica 
gel column (10 g), using ether as eluent. Evaporation of the appropriate 
fraction gave phosphonate 8 (0.08 g, 19 %); 6~ 6.2 (CHAHB=, 3 J ~ p  45.5, 
JAB 1.5, JAH 1.5); 6.24 (CHAHp, 3 J ~ p  22); 3.26 (CH2, 3 J p ~  8, JBH 1.5) 
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70 IGOR E. GUREVICH et al. 

and 3.72 (POCH,, JPH 11); 6c 132.79 (CH2=, 2Jpc 8.17); 127.89 (-C(P)=, 
'Jpc 185.78); 20.52 (CH2, 2Jpc 16.47); 52.42 (POCH,, 2Jpc 5.78) and 
115.29 (CN, 3Jpc 13.32); S, 15.3 (determined relative to trimethyl phos- 
phate from 1H-{31P} INDOR spectra). 

Dimethyl 1-cyanoprop-1-ene-2-ylphosphonate 9 

Powdered potassium cyanide (0.4 g) was added to a stirred solution of the 
ester 1 (1,2 g) in methanol (30 ml). After stimng for 1 h at room tempera- 
ture dilution with ether (50 ml) gave a precipitate which was filtered off. 
The filtrate was evaporated and the residue vacuum distilled to gave the 
phosphonate 9 (0.91 g, 80 %), bp 70 "C (1 mm Hg); hH 6.1 (-CH=, 3JHp 
20.5, JHH 1.5); 2.08 (CH3, 3 J ~ p  14.3); and 3.68 (POCH,, Jp, 12); 6, 16.94 
(CH3, 2Jpc 7.04); 149.48 (-C(P)=, 'Jpc 176.36); 111.06 (-CH=, 2Jpc 18.23); 
52.68 (POCH,, 2Jpc 6.16) and 113.83 (CN, 3 J ~  31.43); S, 14.2 (deter- 
mined relative to trimethyl phosphate from 1H-{31P} INDOR spectra). 

Dimethyl but-1-ene-2-ylphosphonate 10 

The ester 1 (1 g) was added dropwise to a stirred solution (at 20 "C) of 
Grignard reagent, prepared from methyl iodide (0.77 g) and magnesium 
(0.15 g) in ether (50 ml). After stimng for 2 h at reflux, the solvent was 
evaporated. Water (5 ml) and chloroform (30 ml) was added to the residue 
and the pH brought to neutrality using dilute hydrochloric acid. The 
organic layer was separated and aqueous layer was extracted with trichlo- 
romethane (10 ml x 2). The combined extracts were dried with potassium 
chloride and evaporated. To a stirred solution of the residue in trichlo- 
romethane (3 ml), triethylamine (1 ml) was added dropwise (to convert 
unreacted chloride 1 to its ammonium salt['31). After stimng for 10 min at 
room temperature, the solution was chromatographed on a silica gel col- 
umn (20 g), using ether as eluent. Evaporation of the appropriate fraction 
gave phosphonate 10 (0.15 g, 17 %); 5.8 (CHAHB=, 3JAp49.5; JAH 1.5; 

(POCH3, JpH 11); and 1.08 (CH3); 6, 128.46 (CH2=, 2Jpc 9.55); 139.37 
(-C(P)=, 'Jpc 170.95); 24.77 (CH2, 2Jpc 11.19); 52.02 (POCH3, 2Jpc 
5.78); and 12.0 (CH3 ,JPc 7.16); S, 19.6 (determined relative to trimethyl 
phosphate from 1H-{31P} INDOR spectra). 

JAB 1.5) ; 6.03 (CH,H,=, 3 J ~ p  23); 2.24 (CH2, 3 J p ~  16, JHH 7.5); 3.7 
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Dimethyl hexa-1,5-diene-2-ylphosphonate 11 

The reaction was carried out in the same manner as for the phosphonate 
10, using the ester 1 (1 g), 3-bromopropene (0.82 g) and ma nesium (0.16 
g) to give phosphonate 11 (0.2 g, 19%); 6~ 5.78 (CHAHB=, JAp 49); 6.02 5 
(CHAHB=, 23); 2.24 (CH2); 2.24 (CH2); 5.02 (CHcHD=, JCH 18); 
4.96 (CHcH,=, J 10); 3.66 (POCH,, JPH 11); and 5.68 (-CH=, JHH 7); 
6~129.27 (CH2=, Jpc 9.18); 136.8 (-C(P)=, 'Jpc 171.58); 30.75 (CHZ, 
2Jpc 11.44); 51.46 (POCH,, 2Jpc 5.28); 31.17 (CH2, 3Jpc5.15); 136.4 
(-CH=) and 114.58 (CH2=); 6p 17.7 (determined relative to trimethyl 
phosphate from 1H-{31P} INDOR spectra). 

DF 

2-Propene-2(dimethoxyphosphonyl)-l-yl acetaminomalonic acid, 
diethyl ester 12 

Acetaminomalonic ester (1.98 g) was added dropwise to a stirred solution 
of sodium ethoxide, prepared from sodium (0.21 g) and ethanol (50 ml), 
and the stirring was continued for 10 min at room temperature. To the 
resultant stirred mixture at -20 OC, the ester 1 (1.7 g) was added dropwise 
and the stirring was continued for 10 h at room temperature. The solvent 
was evaporated, the residue was dissolved in acetone, (50 ml), the precipi- 
tate was filtered off, the solvent was evaporated and the residue was chro- 
matographed on a silica gel column (30 g), using ether and then acetone as 
eluents. Evaporation of the acetone fraction gave ester 12 (2.4 g, 64 %); S, 
5.85 (CH,H,=, ,J, 47.24, 4 J ~ ~  1.0, JAB1); 6.17 (CH,HB=, 3 J ~ p  20.46, 
4 J ~ ~  1.34); 3.3 (CH2, 3 J p ~  17); 3.7 (POCH,, JPH 11); 4.25 (OCH2, JHH 
7.); 1.26 (CH3); 2.0 (C(O)CH3) and 7.01 (NH); 6, 135.4 (CH2=, ' J x  
7.69); 132.65 (-C(P)=, 'Jpc 175.0); 65.7 (C, 3J, 3.29); 34.53 (CH2, 2 J p ~  
12.09), 166.93 (-C(0)O-), 52.4 (POCH,, 2Jpc 6.59); 62.24 (OCH,), 13.69 
(CH3), 169.36 (C(0)) and 22.41 (C(0)CH3); S, 20.35. 

2-Propene-2(dimethoxyphosphonyl)-l-yl malonic acid, diethyl ester 13 

To a stirred solution of sodium ethoxide, prepared from sodium (0.36 g) 
and ethanol (20 mi), malonic ester (2.49 g) was added dropwise and the 
stimng was continued for 10 min at room temperature. To the resultant 
stirred mixture, the ester 1 (2.86 g) was added dropwise and the stirring 
continued for 10 h at room temperature. After dilution with ether (50 ml), 
the precipitate was filtered off, the solvent was evaporated and the residue 
was chromatographed on a silica gel column (10 g), using ether and then 
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12 IGOR E. GUREVICH et a1 

acetone as eluents. Evaporation of the ether fraction gave ester 13 (1.7 g, 
35 %); 6~ 5.88 (CHAHB=, 3J~p47.68, 4 J ~ ~  1.1, JAB 1.1); 6.13 (CHAHB=, 
3 J ~ p  22.08, 4 J ~ ~  0.66); 2.85 (CH2, 3 J p ~  14.5, JHH 7.91); 3.81 (CH); 3.74 
(POCH,, JpH 11); 4.2 (OCH,, JHH 7.42) and 1.27 (CH3); 6, 132.97 
(CH2=, ,Jpc 9.89); 134.77 (-C(P)=, 'Jpc 174.69); 31.82 (CH,, ,JpC 11.19); 
50.74 (CH, 3 J p ~  4.39), 168.73 (-C(0)O-), 52.81 (POCH,, ,JPc 5.5); 61.9 
(OCH,) and 14.37 (CH3); S, 20.8. 

2-Propene-2(dimethoxyphosphonyl)-l-yl acetoacetic acid, ethyl ester 14 

To a stirred solution of sodium ethoxide, prepared from sodium (0.125 g) 
and ethanol (10 ml), ethyl acetoacetate (0.71 g) was added dropwise and 
the stirring was continued for 10 min at room temperature. To the resultant 
stirred mixture, the ester 1 (1 g) was added dropwise and the stirring was 
continued for 20 min at room temperature. After dilution with ether (50 
ml), the precipitate was filtered off, the solvent was evaporated and the 
residue was chromatographed on a silica gel column (10 g), using ether 
and then acetone as eluents. Evaporation of the ether fraction gave ester 15 
(0.8 g, 53 %); 6~ 5.78 (CHAHB=, 3 J ~ p  48.0); 5.96 (CHAHB=, 3 J ~ p  23); 
2.66 (CH2, 3 J p ~  15.0, J,H 7.0); 3.86 (CH); 3.64 (POCH,, JpH 11); 4.1 
(OCH,, JHH 7.0); 1.16 (CH3) and 2.14 (C(0)CH3); 6, 131.33 (CH2=, 2Jpc 
8.42); 134.01 (-C(P)=, 'Jpc 174.22); 29.82 (CH2, ,Jpc 11.82); 56.73 (CH, 
3Jpc 3.02), 167.25 (-C(0)O-), 51.62 (POCH,, 2Jpc 6.03); 60.56 (OCH,); 
13.11 (CH3); 200.47 (-C(0)-) and 28.35 (C(0)CH3); S, 17.93 (determined 
relative to trimethyl phosphate from 'H- { 31P} INDOR spectra). 

Di(2-propene-2[dimethoxyphosphonyl]-l-yl) malonic acid, 
diethyl ester 15 

The reaction was carried out in the same manner as for the diethyl ester 13, 
but the acetone fraction was evaporated to give ester 15 (lg,  28%); 8H 5.91 
(CHAHBX, 3 J ~ p  49.22); 5.72 (CHAHB=, 3 J ~ p  24.39); 3.01 (CH2, 3 J p ~  
12.33); 3.71 (POCH,, JPH 10.8); 4.19 (OCH2, JHH 7.04) and 1.25 (CH3); 
6c 133.45 (CH,=, ,Jpc 7.69); 133.99 (-C(P)=, 'Jpc 174.69); 33.65 (CH2, 
2Jpc 12.09); 56.88 (C, 3Jpc 7.69, 3Jpc7.69), 170.39 (-C(0)O-), 52.91 
(POCH3, 'Jpc 5.49); 62.15 (OCH,) and 14.32 (CH3); 8p 21.2. 
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ALKENYLPHOSPHONATES 73 

Di(2-propene-2[dimethoxyphosphonyl]-l-yl) acetoacetic acid, 
ethyl ester 16 

The reaction was carried out in the same manner as for the diethyl ester 14, 
but the acetone fraction was evaporated to give ester 16 (0.4g, 35%); ZiH 

23.0); 3.63 (POCH,, JpH 11.0); 4.12 (OCH2, JHH 7.0); 1.14 (CH3) and 2.1 
(C(O)CH3); 6, 132.24 (CH,=, 2Jpc 6.91); 133.23 (-C(P)=, 'Jpc 174.85); 
32.17 (CH2, ,Jpc 12.32); 61.94 (C, 3Jpc 6.54, 3Jpc 6.54); 170.10 
(-C(0)O-); 202.39 (-C(0)-); 51.81 (POCH,, 2 J p ~  5.66); 61.32 (OCH2); 
13.19 (CH3) and 26.10 (C(0)CH3); S, 17.93 (determined relative to trime- 
thy1 phosphate from 1H-{31P} INDOR spectra). 

5.46 (CHAHB=, 3 J ~ p  48.0); 6.06 (CHAH,=, 3 J ~ p  24.0); 2.87 (CH2, 3 J p ~  

Di(2-propene-2[dimethoxyphosphonyl]-l-yl) cyanoacetic acid, 
ethyl ester 17 

To a stirred solution of sodium ethoxide, prepared from sodium (0.125 g) 
and ethanol (10 ml), ethyl cyanoacetate (0.61 g) was added dropwise and 
the stirring was continued for 1 min at room temperature. To the resulted 
stirred mixture, the ester 1 (1 g) was added dropwise and the stimng was 
continued for 20 min at room temperature. After dilution with ether (50 
ml), the precipitate was filtered off, the solvent was evaporated and the 
residue was chromatographed on a silica gel column (10 g), using ether 
and then acetone as eluents. Evaporation of the acetone fraction gave ester 
17 (0.45 g, 40 %); 6~ 6.09 (CHAHBZ, 3 J ~ p  48.0); 6.2 (CHAH,=, 3 J ~ p  24); 
2.78 (HEHD, 3 J p ~  13); 2.72 (HEH,, 3Jp, 13); 3.6 (POCH,, JpH 11); 4.14 
(OCH,, JHH 7.0) and 1.18 (CH3); 6c 134.04 (CH2=); 131.63 (-C(P)=, 'JPc 
177.87); 37.89 (CH2, 'JPc 12.7); 47.96 (C, 3Jpc 5.28 ), 166.52 (-C(0)O-), 
52.02 (POCH,, 2 J p ~  5.41); 62.49 (OCH2); 13.16 (CH3) and 117.08 CN); 
6, 15.78 (detennined relative to trimethyl phosphate from 1H-{31P} 
INDOR spectra). 

5-(Dimethoxyphosphonyl)-5-hexen-2-one 18 

A mixture of the ester 1 (0.5 g), acetylacetone (0.27g), and potassium car- 
bonate (0.29g) in absolute ethanol was refluxed for 48 h. After dilution 
with ether (50 ml), the precipitate was filtered off, the solvent was evapo- 
rated and the residue was chromatographed on a silica gel column (7 g), 
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74 IGOR E. GUREVICH ef al. 

using ether as eluent. Evaporation of the appropriate fraction gave ketone 
18, (0.39 g, 70 %); 5.54 (CHAH,=, ,JAP 48.0); 5.74 (CHAHB=, ,Jfjp 
22.6); 2.23 (CH2, 3 J p ~  6.9, JHH 6.9); 2.43 (CH2); 3.45 (POCH,, JPH 10.9) 
and 1.87 (CH,); Sc 129.86 (CH2=, 2Jpc 9.05); 136.44 (-C(P)=, *Jpc 
173.09); 25.86 (CH2, 2 J p ~  11.69); 41.05 (CH2, 3Jpc 4.15); 206.27 (C(0)) 
and 29.29 (CH3). S, 19.3 (determined relative to trimethyl phosphate from 
'H-{,lP} INDOR spectra). 

3~-Di(2-propene-2[dimethoxyphosphony~]-1-yl)-2,4-pentanedione 19 

To a stirred solution of sodium ethoxide, prepared from sodium (0.125 g) 
and ethanol (10 ml), acetylacetone (0.53 g) was added by one portion and 
to the resulted stirred mixture, the ester 1 (1 g) was added dropwise. The 
stimng was continued for 20 min at room temperature. After dilution with 
ether (50 ml), the precipitate was filtered off, the solvent was evaporated 
and the residue was chromatographed on a silica gel column (10 g), using 
ether and then acetone as eluents. Evaporation of the acetone fraction gave 
diketone 19 (0.38 g, 31 %); S, 5.54 (CHAHB=, ,JAP 49.0); 6.04 
(CHAHBZ, 3 J ~ p  24); 2.94 (CH2, ,JPH 11); 3.61 (POCH3, JPH 11) and 2.03 
(CH3); Sc 131.71 (CH2=, 2Jpc 7.54); 133.45 (-C(P)=, Jpc 174.47); 31.29 
(CH2, 'Jpc 12.44); 51.96 (POCH,, 2J, 6.03); 69.28 (C); 25.92 (CH3) and 
204.33 (-C(0)-); S, 18.4 (determined relative to trimethyl phosphate from 
'H-{,lP} INDOR spectra). 

Cyclohexylamine salt of 2-amino-4-phosphono-4-pentenoic acid 20 

A solution of ester 12 (0.95 g) in 6 mol dm-3 HCI (20 ml) was refluxed for 
5 h after which it was concentrated and the residue dried in vacuo. The re- 
sidue was dissolved in methanol and cyclohexylamine added until pH 6. 
The solution was concentrated in vacuo and then poured into acetone (100 
ml). The precipitate formed was separated and dried in vacuo to give 
hydroscopic salt 20 (0.35 g, 46%); bp 90 "C (dec); 6,  5.84 (CHAHB', 

20.02); 5.64 (CHAHBZ, 
15.13, ,JCH 3.9,); 2.62 (CHcH,, 

41.5); 2.89 (CHcHD, ,Jpc 11.23, Jm 
18.07, JDH 9.27); 3.9 (CH); 3.07 

(CH-N); 1.3 and 1.5 - 2 (CH2); 6, 130.34 (CH2=, 2 J p ~  7.69); 141.02 
(-C(P)=, 'Jpc 165.9); 36.07 (CH2, 2Jpc 13.18); 56.11 (CH); 175.46 

11.86. 
(C(0)OH); 52.11 (CH-N); 32.07 (CH2); 26.02 (CH2) and 25.54 (CH2); S, 
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Cyclohexylamine salt of 4-phosphono-4-pentenoic acid 21 

A solution of ester 13 (0.4 g) in 6 mol dm-3 HCl(l0 ml) was refluxed for 
6 h after which it was concentrated and the residue dried in vacuo. The re- 
sidue was dissolved in methanol to which solution cyclohexylamine was 
added until pH 5. The solution was concentrated in vacuo and then poured 
into acetone (100 cm3). The precipitate formed was separated and dried in 
vacuo to give salt 21 (0.26 g, 62%); bp 182 "C (dec); S, 5.49 (CHAHB=, 
3 J ~ p  43.45, JAH 1.46); 5.69 (CHAHBZ, 3 J ~ p  22); 2.51 (CH2, 3 J p ~  18.56, 
JHH 7.8); 2.6 (CH2, 4 J p ~  2.44); 3.1 (CH-N); 1.25 and 1.5 - 2 (CH2); 8, 
125.59 (CH2=, *Jpc 8.79); 144.92 (-C(P)=, 'Jpc 165.89); 29.26 (CH2, 2Jpc 
12.09); 34.63 (CH2, 3 J p ~  5.49); 179.85 (C(0)OH); 52.11 (CH-N); 32.07 
(CH2); 26.02 (CH2) and 25.54 (CH2); 6, 13.48. 

Dicyclohexylamine salt of 5-0~0-2-hexen-2-phosphonic acid 22 

A solution of ester 16 (0.8 g) in 6 mol HCl(20 ml) was refluxed for 
4 hours after which it was concentrated and the residue dried in vacuo. The 
residue was dissolved in methanol and cyclohexylamine added until pH 7. 
The solution was concentrated in vacuo and then poured into acetone (100 
ml). The precipitate formed was separated and dried in vacuo to give salt 
22 (0.3 g, 43%); 6~ 5.37 (CH,H,=, 3 J ~ p  44.5); 5.6 (CH,H,=, 3J,p 21.3); 
2.38 (CH2, 3 J p ~  8.2, JHH 8.2 ); 2.72 (CH2); 2.11 (CH3); 3.03 (CH-N); 1.22 
and 1.4 - 2 (CH2). 

Dicyclohexylamine salt of 4-phosphono-2-(2-phosphono-2-propenyl)- 
4-pentenoic acid 23 

A solution of ester 15 (0.6 g) in 6 mol dmT3 HCI(l0 ml) was refluxed for 
6 h after which it was concentrated and the residue dried in vacuo. The res- 
idue was dissolved in methanol and cyclohexylamine added until pH 5. 
The solution was concentrated in vacuo and then poured into acetone (100 
ml). The precipitate formed was separated and dried in vacuo to give salt 
23 (0.51 g, 73%); bp 210 "C (dec); 6~ 5.57 (CHAHBZ, 3JAp 42.41); 5.76 
(CH,HB=, 3 J ~ p  20.0); 2.51 (CH,, 3 J p ~  12.53, J,H 6.16); 3.15 (CH); 3.15 
(CH-N); 1.31 and 1.4 - 2 (CHZ); Sc 127.4 (CH2=, 2Jpc 8.79); 127.25 
( C H 5  2Jpc 8.79); 143.48 (-C(P)=, ' J x  166.7); 143.36 (-C(P)=, 'Jpc 
165.89); 37.22 (CH2, 2Jpc 12.08); 36.97 (CH2, 2Jpc 12.09); 45.62 (CH, 
3Jpc 4.4); 180.01 (C(0)OH); 181.66 (C(0)OH); 52.06 (CH-N); 32.07 
(CH2); 26.02 (CH2) and 25.54 (CHZ); 8 p  13.07. 
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76 IGOR E. GUREVICH et al. 

Cyclohexylamine salt of 2-amino-4-phosphonopentanoic acid 25 

To a stirred solution of sodium ethoxide, prepared from sodium (0.24 g) 
and ethanol (50 ml), acetaminomalonic ester (2.27 g) was added dropwise 
and the stirring was continued for 10 min at room temperature. To the 
resultant stirred mixture dimethyl propene-2-pho~phonate[~~I (1.57 g) was 
added dropwise and the solution was refluxed for 6 h. The solvent was 
evaporated, the residue was desolved in dichloromethane, (50 mI), washed 
with water and the organic layer was dried over magnesium sulphate. The 
solvent was evaporated and the residue was chromatographed on a silica 
gel column (30 g), using ether and then acetone as eluents. After evapora- 
tion of the appropriate fraction, the residue was desolved in 6 mol dm-3 
HCl (20 ml) and the solution was refluxed for 5 h after which it was con- 
centrated and the residue dried in vacuo. The residue was dissolved in 
methanol to which solution ammonium hydroxide was added until it 
reached pH 6. The solution was concentrated in vacuo and then poured 
into acetone (100 ml). The precipitate was separated and dried in vacuo to 
give salt 25 (0.56 g, 23%); bp 82 "c (dec); 6,  1.1 (CH,, 3 J ~ p  16.6, JH, 
6.35); 3.93 (CH-N, JHA 6.35, JHB 6.35); 3.88 (CH-N, JHA 3.2, JHB 8.3); 
2.3 - 1.6 (CHAHB, CH); S, 26.8. 

Tetraethyl methylene diphosphonate 30 

Diphosphonate 30 was prepared by the literature procedure"61 from trie- 
thy1 phosphite and methylene bromide. 

Diethyl3-hydroxypropen-2-phosphonate 26 

Phosphonate 26 was prepared by the Wittig-Homer reaction of tetraethyl 
methylene diphosphonate with formaldehyde in boiling water and potas- 
sium carbonate as base, using the method of Rambaud et al.[15] 

Diethyl3-fluoropropene-2-phosphonate 27 

Diethyl 3-hydroxypropen-2-phosphonate 26 (0.56 g )  was added to a 
stirred solution of tetrabutylammonium fluoride (0.69 g) in dry THF (4 ml) 
at room temperature. After stimng for 10 h the solvent was evaporated in 
vacuo. The residue was extracted with ether, the solvent was evaporated 
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ALKENYLPHOSPHONATES 77 

and the residue was distilled in vacuo to give phosphonate 27 (0.48 g, 
95%), bp 46 "c (1 mm Hg); 6~ 6.24 (CHAHB=, 3 J ~ p  22.19; JAB 1.3; 4 J ~ ~  
1.3; 4 J ~ ~  1.3); 6.13 (CHAHB=, 3 J ~ p  46.14; 4 J ~ ~  1.75; 4JA~ 1.54); 5.02 
(CH2, 3 J p ~  7.91, JFH 46.8); 4.12 (OCH2, JPH 7.25; J,H 7.25); 1.34 (CH3); 
6, 130.69 (CH2=); 135.61 (-C(P)=, 'Jpc 179.49, 2JFc 17.12); 81.52 (CH2, 
2Jp~ 20.05, 'JFc 175.08); 62.27 (OCH2, 2Jpc 5.5);  16.34 (CH3, 3J, 6.36) 

123 (53.0), 81 (42.4), 65 (36.3), 169 (34.3), 142 (31.2), 140 (30.4), 
; 8 p  17.11 ( 3 J p ~  19.53); m / Z  148 (loo%), 141 (74.8), 57 (71.5), 121 (60.3), 

[C~HI~O~PF - IH]' 195 (3.1). 

Diethyl3-chloropropene-2-phosphonate 28 

To a stirred solution of diethyl 3-hydroxypropen-2-phosphonate 26 (1 g) 
in dry chloroform (5 ml) was added thionyl chloride (0.6 g) The resulted 
mixture was refluxed for 5 min. The solvent was evaporated and the resi- 
due distilled in vacuo to give phosphonate 28 (0.86g, 79%) bp 72 "C 
(1 mm Hg); 6, 6.29 (CHAHB', 3 J ~ p  21.54; 4 J ~ ~  1.07; JAB 1.1); 6.22 
(CHAHB=, 3 J ~ ~  44.83; 4 J ~ ~  1.53); 4.24 (CH2, 3Jp, 9.66); 4.13 (OCH2, 
JPH 7.69; J,H 7.69); 1.35 (CH3); 6, 132.66 (CH5 2Jpc 7.72); 135.72 
(-C(P)=, 'Jpc 177.98); 42.99 (CH2, 2Jpc 15.57); 62.32 (OCH2, 2Jpc 5.49); 
16.32 (CH,, 3Jpc 6.9) ; S, 15.24; m / ~  149 (loo%), 177 (42.5), 121 (41.4), 
65 (27.2), 81 (25.7), 139 (22.8), 156 (20.9), 57 (19.7), 157 (15.8), 109 
(11.6), [C7H1403PCl+lH]+ 213 (0.6), 215 (0.2). 

Diethyl3-bromopropene-2-phosphonate 29 

Phosphorus (111) bromide (1 g) was added to a stirred solution of diethyl 
3-hydroxypropen-2-phosphonate 26 (1.1 g) in dry ether (20 ml) at -10 "C. 
The temperature was allowed to rise to 20 "C and stirring was continued 
for 30 min. Water (10 ml) was added at -10 "C, the organic phase was sep- 
arated and dried with magnesium sulphate. The solvent was evaporated 
and the residue was distilled in vacuo to give phosphonate 29 (0.75g, 51%) 
bp 86 O C  (1 lllIll Hg); 6~ 6.29 (CHAH,=, 3 J ~ p  21.1; 4 J ~ ~  0.44; JAB 1.3); 
6.22 (CHAHB=, 3 J ~ p  44.38; 4 J ~ ~  1.3); 4.14 (CH2, 3 J p ~  10); 4.14 (OCH2, 
JPH 7.; JHH 7.); 1.36 (CH3); 6, 134.7 (CH2=, 2Jpc 8.79); 136.06 (-C(P)=, 
'Jpc 177.98); 29.90 (CH,, 2JE 16.48); 63.56 (OCH2, 2Jpc 5.49); 16.52 
(CH3, 3 J p ~  5.69) ; Sp 15.1; m/z 82 (loo%), 149 (94.8), 80 (90.9), 81 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
3
5
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



78 IGOR E. GUREVICH et al. 

(70.1), 177 (55.1), 121 (47.4), 65 (42.8), 79 (42.8). 57 (25.4), 109 (16.5), 
[C7H1403PBr +1H]+ 257 (2.3), 259 (1.6) 
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