
 

 

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

SYNTHESIS OF ACID-LABILE GEMINAL BIS- AND TRISPHOSPHONIC
ACIDS1

H. Grossa; I. Keitela; B. Costisellaa; C. E. McKennab

a Zentralinsititut fur Organische Chemie, Berlin-Adershof, Germany b Department of Chemistry,
University of Southern California, Los Angeles, California, USA

To cite this Article Gross, H. , Keitel, I. , Costisella, B. and McKenna, C. E.(1991) 'SYNTHESIS OF ACID-LABILE
GEMINAL BIS- AND TRISPHOSPHONIC ACIDS1', Phosphorus, Sulfur, and Silicon and the Related Elements, 61: 3, 177
— 181
To link to this Article: DOI: 10.1080/10426509108036796
URL: http://dx.doi.org/10.1080/10426509108036796

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/10.1080/10426509108036796
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus, Sulfur, and Silicon, 1991, Vol. 61, pp. 177-181 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1991 Gordon and Breach Science Publishers S.A. 
Printed in the United Kingdom 

SYNTHESIS OF ACID-LABILE GEMINAL BIS- AND 
TRISPHOSPHONIC ACIDS1 

H. GROSS, I. KEITEL and B. COSTISELLA 
Zentralinsititut fur Organische Chemie, Rudower Chaussee 5, 0-1199 

Berlin-Adershof, Germany 

and 

C. E. McKENNA 
Department of Chemistry, University of Southern California, Los Angeles, 

California 90089-0744, USA 

(Received March 20, 1991; in final form April 15, 1991) 

Sodium salts (7,8 respectively) of the unsaturated bisphosphonic acid 5 (2,6-di-terr-butyl-7,7-bis(phosphono)- 
1,4-benzoquinone-4-methide) and the trisphosphonic acid 6 (4-hydroxy-3,5-di-tert-butylphenylmethane 
tris(phosphonic acid), were prepared by buffered hydrolysis of the corresponding trimethylsilyl esters. 
The structures of 7 and 8 were determined by "C and NMR analysis. Compound 8 is the first well- 
established example of a gem trisphosphonic acid salt. 

Key words: 7-phosphono-quinonemethide salts; arylmethane trisphosphonate; bromotrimethylsilane; 
silyldealkylation; I3C, 23Na, 31P NMR data. 

INTRODUCTION 

The first example of a gem trisphosphonate derivative was the hexaester la prepared 
by V. Kuchar et af.* Recently, Gross et af .  prepared the first arylmethane tris- 
phosphonate ester (3) by addition of diethylphosphite (DEP) to the bisphosphono- 
quinone methide 2.3 In general, phosphonic acid esters of this type are not very 
stable, undergoing phosphoryl group migrations4 or other P-C bond cleavage 
reactions. 
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178 H. GROSS et al. 

Previous efforts to prepare a gem trisphosphonic acid have been unsuccessful. 
For example, cleavage of one P-C bond was observed on attempted hydrolysis 
of the trisphosphonic acid ester la  under acidic conditions. Specifically, treatment 
with a.q. HC1, which hydrolyzes the bisphosphonic ester 4a almost quantitatively 
to the corresponding acid 4b,6 under the same conditions converts l a  not to the 
expected trisphosphonic acid lb,  but instead to the dephosphorylation product 4b. 
Even with bromotrimethylsilane (BTMS/H20) de-esterification under mild con- 
ditions,' la  yields only 4b.5 

0 
II 

x- lb HC1 or l a  
Me2N-CH HC1 

1 4b 4 

PPW2 -H$O, BTMS/H20 
II 
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SCHEME 2 

P-C bond cleavage is also observed in H20 after silyldealkylation of the bis- 
phosphono-quinone methide 2 or its trisphosphonate analog 3.* 

2 3 

l*BTMS ., I 2.H20 
1. BTMSL 2. H20 

t 

5 6 

SCHEME 3 

Recently, it was reported that a sodium salt of an acid-labile phosphonic acid 
(thiophosphonoformic acid) could be prepared with minimal P - C  scission by sol- 
volysis of the corresponding tris(trimethylsily1ester) under weakly alkaline condi- 
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ti on^.^ This method has now been applied successfully to the silyldealkyiation- 
hydrolysis of 2 and 3. 

RESULTS AND DISCUSSION 

The trimethylsilyl esters of 5 and 6, respectively, prepared by reflux with excess 
BTMS for several hours in methylene chloride, were reacted in situ with a slight 
excess of aqueous Na,CO, at 0". The aqueous phases of the mixtures were then 
adjusted to pH 10.5-11 with 3 M NaOH. The sodium salts 7 and 8 were isolated 
in nearly quantitative yield by precipitation with methanol. 

Na4+ 

1. BTMS 

2 

2. aq. Na2C03 
(PH 10.5-11) 

1. BTMS 

7 

4- 

Nag+ 

SCHEME 4 

3 

2. aq. Na2C03 
(PH 10.5-11) 

8 

5- 

TABLE I 
NMR data for sodium salts of 5 and 6 

13C 6, ppmC (J in Hz) 

Cpd. 31P8,ppma zNa6,ppmb Ci Cz C3 C4 Ca Ctb CH3 

7 9.1 -0.4 160.2 137.4 151.4 191.6 156.0 37.4 31.8 
(2.0) (14.7) (124.7) 

8 17.4 -0.3 132.8 131.2 139.9 152.4 60.5 34.3 32.2 
(5.8) (6.8) (96.0) 

a In HZO; reference, external 85% H,PO,. 
In H,O; reference, external 4 M NaCI. 
In DzO; reference, external HMDS (std: Na+ salt of 3-trimethylsilyl-1-propanesulfonic acid). 
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180 H. GROSS er al. 

Attempted hydrolysis of the hexakis(trimethylsily1) trisphosphonate correspond- 
ing to la ,  using the same procedure, resulted in P-C scission, forming the bis- 
phosphonate 4b. 

The structures of the products 7 and 8 were established unambiguously by their 
NMR spectra (Table I). The 13C-NMR chemical shift values and coupling patterns 
of the two compounds are characteristic, generally paralleling those previously 
reported for 2 and 3.3 In particular, the methide C-atom (C,) and the C1- and C2- 
ring-atoms of 7 give triplets due to coupling with two equivalent P-nuclei, and the 
corresponding C-atoms of 8 give quadruplets due to coupling with three equivalent 
P-nuclei. The quinone-methide character of 7 is suggested by the typical carbonyl 
13C S of 191.6 ppm and the phosphonovinyl 13C 6 of 156.0 ppm, assigned to C4 
and C,, respectively. The NMR spectra revealed no evidence for any P-C cleavage 
products. 

(CH3)3Clb. 

SCHEME 5 

In conclusion, carbonate-buffered hydrolysis of phosphonic acid trimethysilyl 
esters has made possible preparation of the first example of a gem trisphosphonic 
acid salt. 

EXPERIMENTAL 

2,6-Di-tert-butyl-7, 7-bis(phosphono)-11 4-benzoquinone-4-methide, tetrasodium salt (7) and 4-hydroxy- 
3,5-di-tert-butylphenylmethane tris(phosphonic acid), pentasodium salt (8). A solution of 4 mmol 2 or 
3 in 10 mL of dry CH,CI, was refluxed with 15 mL BTMS or 25 mL of BTMS, resp., for 4 h. The 
reaction mixtures were concentrated in vacuo. The resulting residues were then treated with 9 mrnol 
Na,CO, in 6 mL of H,O, or 13.5 mmol of Na,CO, in 9 mL of H,O. The pH of the solutions was 
adjusted to 10.5-11 with 3 M NaOH and 60 mL of MeOH was added. After 1 h of stirring at room 
temperature, the desired products were separated by filtration at the pump and dried in vacuo (50°C, 
lo-* torr). The salts 7 and 8 were recrystallized from aqueous methanol for elemental analysis (Table 
11). 

TABLE I1 
Yield and elemental analysis data for sodium salts of 5 and 6 

Yield Formula Elemental Analvsis 
Cvd. (%) (MW) Calcd. Found 

7 87 ClSH2fla407P2 ' 2H20 c 35.87 35.94 
(502.26) H 4.82 4.94 

(606.23) H 4.32 4.39 
8 82 CisH22Nas0ioP3 * 2H20 C 29.72 29.73 
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