
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 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

A NEW SYNTHETIC APPROACH TO α,β-UNSATURATED
PHOSPHONATES (1-METHYLENEALKANE-PHOSPHONATES)
S. Inokawaa; H. Yamamotoa

a Department of Chemistry, Faculty of Science, Okayama University, Okayama, Japan

To cite this Article Inokawa, S. and Yamamoto, H.(1983) 'A NEW SYNTHETIC APPROACH TO α,β-UNSATURATED
PHOSPHONATES (1-METHYLENEALKANE-PHOSPHONATES)', Phosphorus, Sulfur, and Silicon and the Related
Elements, 16: 1, 79 — 81
To link to this Article: DOI: 10.1080/03086648308077754
URL: http://dx.doi.org/10.1080/03086648308077754

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/10.1080/03086648308077754
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phovphoruy und Sulfur. 1983, Vol. 16, pp. 79-8 I 
030X-664X/83/1601-0079/$18 50/0 

0 I983 Gordon and Breach, Science Publishers. Inc. 
Printed in the United States of Arnerlca 

A NEW SYNTHETIC APPROACH TO 
a,p-UNSATURATED PHOSPHONATES 

( 1-METHYLENEALKANE-PHOSPHONATES) 

S. INOKAWA and H. YAMAMOTO 

Department of Chemistv, Faculty of Science, Okayama University, Okayama, 
700 Japan 

( Received December 15, 1982) 

n,P-Unsaturated phosphonates were prepared in good yields by refluxing 1,2-epoxy- 1 -alkyl- 
ethanephosphonates in methanol with thiourea (5 equiv.) for 4 hours. 

Many methods'-5 for the preparation of a,P-unsaturated phosphonates have been 
reported but these procedures are rather complicated or the yields are sometimes 
poor. 

In the course of our studies on the phosphorus-sugars, we have found a conve- 
nient and very mild method for the preparation of 1,2-epoxy- 1 -alkyl- 
ethanephosphonates (~hosphinate).6-~ 
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PCC: pyridinium chlorochromate 
DBU: 1,8-diazabicyclo[5.4.O]undec-7-ene 

We have now used these easily obtainable 112-epoxy- 1-alkylphosphonates (phos- 
phinate) 1 as starting materials, and we have prepared a,P-unsaturated phos- 
phonates (phosphinate) in moderate yields under mild conditions. 

Dimethyl 1,2-epoxy-l-methylethanepho~phonate la  in methanol was treated with 
thiourea (2  equiv.) at room temperature for 4 hours to give dimethyl 1,Zepithio-l- 
methylethanephosphonate 2 in an almost quantitative yield as determined by its 
'H-N.M.R. spectrum. Compound 2 in methanol was heated under reflux with 
thiourea (4 equiv.) to give dimethyl isopropenylphosphonate 3a in an almost 
quantitative yield as determined by 'H-N.M.R.. 

Alternatively, 3a was prepared directly by refluxing l a  in methanol with thiourea 
(5 equiv.) for 4 hours in an almost quantitative yield by 'H-N.M.R. spectroscopy 
and in 85% yield after distillation. 
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thiourea/MeOH thiourea/MeOH CH,-C-CH, - CH,C=CH, 
lo\ 

CH,-C-CH, 
I reflux I 1.1. I 

O=P(OCH,)2 

l a  

O=P(OCH,), 

2 

O=P(OCH,) 2 

3a 

/O\ 
R-C-CH, thiourea/MeOH R-C=CH, 

O=PR!R O=PR ' R 

1a,b,c,d, 3a,b,c ,d 

I reflux I 

a: R = CH,, R' = R2 = OCH, 

b: R = CH,, R' = R2 = OCH,CH, 

C: R = C-C~HII,  R' = R2 = OCH, 

d: R = C-C6H,,, R' = Ph, R2 = OCH,CH, 

Similarly, diethyl isopropenylphosphonate 3b, dimethyl l-cyclohexyl- 
vinylphosphonate 3c, and ethyl (1 -cyclohexylvinyl)phenylphosphinate 3d were 
prepared in good yields from diethyl 1,Zepoxy- 1 -methylethanephosphonate lb,  
dimethyl 1,2-epoxy- 1 -cyclohexylethanephosphonate lc, and ethyl (1,2-epoxy- 1 - 
cyclohexylethy1)phenylphosphinate Id, respectively. 

EXPERIMENTAL 

'H-N.M.R. spectra in CCI, solution were recorded with an Hitachi-Perkin-Elmer R-20A (60 MHz) 
spectrometer. Chemical shifts in ppm are reported relative to tetramethylsilane ( 8  0.0) as the internal 
standard. 

TABLE I 

Yields, boiling points, elemental analyses, and 'H.N.M.R. data for la-ld 

Required Found 
Compound Yield (W) b.p. ("C/mm) Lit. b.p. ("C/mm) C H C H 

la 86 60/0. I 60/0. l 9  - - ~- - 
lb 90 59-6 1 /O.  1 75.5-77/1 .51° - - - - 

lc 72 93-94/0.1 - 51.27 8.17 51.02 8.14 
Id 62 132-134/0.1 - 65.29 7.87 64.97 7.81 

Compound IH-N.M.R. (CCI,) 8 (ppm) 

l c  0.8-2.0 (m, 11 H, c-C,Hll): 2.68, 2.90 (t, t, 2 H,Jgem.H = JcrJ.pH = Jlrun,.pH 5.5 Hz, CH,); 
3.67 (d, 6 H,J,, 10.2 Hz, POCH,) 

Id 1.21, 1.28(t,t,3H~,H,HH6.8Hz,POCCH~);0.8-2.2(m,11 H,c-C6H,,);  
2.317 2.5932-79, 3.04 (4 t, t, t, 2 H, J,,, H = Jccs .p~  = Jlrnns.pH 5.1 Hz, CH2); 
3.6-4.3 (m, 2 H, POCH,C), 7.1-8.1 (m, 5 H, C,HS) 
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TABLE I1 

Yields, boiling points, elemental analyses, and 'H-N.M.R. data for 3a-3d 

Required Found 
Compound Yield (%) b.p. ("C/mm) Lit. b.p. ("C/mm) C H C H 

3a 85 38-40/ 1 38-41/13 - - - - 
3b 85 49-51/1 46-47,' 1 - - - - 
3c 79 82-83/1 80-81/15 - - - - 

3d 67 129-132/0. I - 69.54 8.39 69.05 8.33 

Compound 'H-N.M.R. (CCI,) 6 (ppm) 

3d 1.33 (t, 3 H,JHH 7.0 Hz, POCH,); 0.95-2.80 (m, 1 I H, c-C,H,,); 
4.05 (d of q, 2 H, JPH 7.0 Hz, POCH,C); 5.73 (d, 1 H, J,rtrns.PH 45.2 Hz, truns-P=CH); 
5.95 (d, 1 H,J'.ts.PH 22.0 Hz, cis-P=CH); 7.35-8.15 (m, 5 H, C6H5) 

I .  Sfurting muteriuls. Dimethyl 1 ,2-epoxy- I -methylethanephosphonate la, diethyl 1.2-epoxy- 1 -methyl- 
ethanephosphonate lb, dimethyl 1 ,2-epoxy- I-cyclohexylethanephosphonate lc, and ethyl ( I ,2-epoxy- 1- 
cyclohexy1ethyl)phenylphosphonate Id were prepared by the method of Inokawa et u I . ' - ~  Yields and data 
are shown in Table I. 

2. Dimethyl I,2-epithro-I-methylethanephosphonute 2. A solution of la (2.0 g) in methanol (50 ml) was 
stirred with thiourea (1.8 g) in room temperature for 3 hours and evaporated in oucuo. Benzene was 
added, the precipitates were filtered off; the benzene solution was washed with water, dried (sodium 
sulfate), evaporated in uucuo, and distilled to give 2 (1.9 g, 868) (b.p. 56-58°C/0.1 mm) as an oil. 
'H-N.M.R. (CCI,): 6 (ppm) 1.64 (d, 3 H, J p H  12.1 Hz, CH,); 2.35, 2.72 (d, d, 2 H, Jc,l.PH = J,,onr.PH 
10.9 Hz, Jgem+, 0.0 Hz, CH,); 3.75 ( d ,  6 H, JPH 10.2 Hz, POCH,). Mass spectrum, m/z: 182 (M+). 

3. I-Methyleneulkunephosphonutes (phosphinute). General procedure: A solution of 1 (15 mmol) in 
methanol (60 ml) was refluxed with thiourea (75 mmol) for 4 hours. The work-up as described for 2 gave 
3 in a good yield. Yields and data are shown in Table 11. 
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