
 

 

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

ORGANIC PHOSPHORUS COMPOUNDS 102.1

AMINOOXYALKYLPHOSPHONIC ACIDS AND DERIVATIVES
Ludwig Maiera; H. Spörria

a CIBA-GEIGY AG, Agricultural Division, Basel, Switzerland

To cite this Article Maier, Ludwig and Spörri, H.(1992) 'ORGANIC PHOSPHORUS COMPOUNDS 102.1
AMINOOXYALKYLPHOSPHONIC ACIDS AND DERIVATIVES', Phosphorus, Sulfur, and Silicon and the Related
Elements, 70: 1, 39 — 48
To link to this Article: DOI: 10.1080/10426509208049149
URL: http://dx.doi.org/10.1080/10426509208049149

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/10.1080/10426509208049149
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus. Sulfur, and Silicon, 1992. Vol. 70. pp. 39-48 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1997. Gordon and Breach Science Publishes S.A. 
Printed in the United Kingdom 

ORGANIC PHOSPHORUS COMPOUNDS 102.' 
AMINOOXYALKYLPHOSPHOMC ACIDS 

AND DERIVATIVES 

LUDWIG MAIER and H. SPORRI 
CIBA-GEIGY A G ,  Agricultural Division, CH-4002 Basel, Switzerland 

(Received March 31, 1992) 

Condensation of a-hydroxyalkylphosphonates, 1, with N-hydroxy-phthalimide using Mitsunobu's con- 
dition yields 1-phthalimido-N-oxyalkylphosphonates, 2, which on treatment with hydrazine give 1- 
aminooxyalkylphosphonates, 3. Hydrolysis of these with HCI produces 1-aminooxyalkylphosphonic 
acids, 4, in good yield. The reactions of 3 with dinitrodiphenyl ether, isocyanides. aldehydes and ketones 
are also reported. 

1-Aminooxy-2-phenylethylphosphonic acid, 4g, is only a weak inhibitor of PAL, but 4i is a good 
inhibitor of anthocyanin synthesis. 4g exhibits weak antifungal activity (against Botrytis cinerea) and 
5a and Sb show herbicidal activity against dicotyledonous weeds. 

Key words: 1-Aminooxyalkylphosphonates; 1-aminooxyalkylphosphonic acids; physical properties; NMR- 
spectra; biological activity. 

INTRODUCTION 

L-a-Aminooxy-/3-phenylpropionic acid is a potent competitive inhibitor of phe- 
nylalanine ammonia-lyase (PAL)* and aminooxyacetic acid is an efficient inhibitor 
of anthocyanin s y n t h e s i ~ ~ * ~  and of y-aminobutyric acid-a-ketoglutaric acid trans- 
aminase in vivo," but a relatively poor inhibitor of PAL.S Aminooxyacetic acid 
also reacts specifically with P-pyridoxal groups of cystathionase.6 It seemed of 
interest to prepare the corresponding phosphonic and phosphinic acid analogs and 
to determine their biological activity. 

RESULTS AND DISCUSSION 

Two aminooxyalkylphosphonic acids have been described previously in the liter- 
ature, i.e., aminooxymethylphosphonic acid73 and /3-aminooxyethylphosphonic acid.8 
Whereas Denzel et al.7 used the Mitsunobu reaction9 to synthesize this type of 
compound, Khomutov et a1.* prepared these compounds by the interaction of 
acethydroximic acid and w-haloalkylphosphonates followed by hydrolysis. Because 
Mitsunobu's reaction is simple to carry out and gives satisfactory yields we used 
this method for the synthesis of several a-aminooxyalkylphosphonic acids (Scheme 
I). Furthermore this procedure is also useful for the synthesis of aminooxyalkyl- 
phosphonous and -phosphinic acids.1° 
a-Hydroxyalkylphosphonates, 1, are easily obtained by the base catalyzed ad- 

dition of aldehydes to secondary phosphites. l1 Condensation of 1 with N-hydroxy- 
Expanded version of a lecture given at the ACS Meeting in New York, N.Y., August 25-30, 1991; 

and at the XIIth ICPC, Toulouse, France, July 6-10, 1992. 
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SCHEME I 

phthalimide under Mitsunobu’s condition produces the 1-phthalimido-N-oxyalkyl- 
phosphonates 2 in yields ranging from 40 to 100%. Treatment of 2 with hydrazine 
yields 1-aminooxyalkylphosphonates, 3, in satisfactory yields. 

Hydrolysis of 3 with 20% aqueous hydrochloric acid under reflux gives the 
crystalline 1-aminooxyalkylphosphonic acids, 4, in good yield. 

REACTIONS OF 1-AMINOOXYALKYLPHOSPHONATES 

The 1-aminooxyalkylphosphonates, 3, give all the reactions typical for O-alkyl- 
hydroxylamines. Thus the interaction of 3a and 3,4-dinitro-2’-chloro-4’-trifluoro- 
methyl-diphenyl ether gives O,O-diethyl-2-nitro-5-(2’-chloro-4’-trifluoromethyl- 
phenoxy)-phenyl-aminooxymethylphosphonate, 5a, with isocyanates an urea 
derivative 6 is obtained, and oximes, 7, are produced when 3 is treated with 
aldehydes or ketones (Scheme 11). Dealkylation of 6 and 7 with trimethylbromo- 
silane followed by hydrolysis yields the corresponding acids (Table V). 

BIOLOGICAL ACTIVITY 

In contrast to 1-amino-2-phenylethylphosphonic acid,12 1-aminooxy-2-phenyleth- 
ylphosphonic acid, 4g, is only a weak inhibitor of PAL,13 but the inhibition of 
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AMINOOXYALKYLPHOSPHONIC ACIDS 41 

CI CI H R  

3 

6 R - H  

7 R - H  

SCHEME I1 

anthocyanin synthesis in vivo by 1 m M  of 1-aminooxy-3-phenylpropylphosphonic 
acid, 4i, is 68%.13 4g exhibits weak antifungal activity. More pronounced is the 
selective herbicidal activity of 5a against dicotyledonous weeds in cereals and rice. 
At a concentration of 500 g/ha the control of seven dicotyledonous weeds was 79%; 
5b is less active (59%) than 5a. 

EXPERIMENTAL 

Phosphorus NMR-spectra were recorded using a Bruker WP 80 spectrometer at 32.28 MHz (ref. 85% 
H,PO,), and 'H-NMR-spectra were recorded with a Varian EM 360 spectrometer at 60 MHz or a 
Bruker WM 250/250 MHz spectrometer (ref. Me,%). The chemical shifts are reported in ppm, with 
negative values being upfield of the standard, and positive downfield. All the reactions were run under 
an atmosphere of argon. 

1. 0,O-Diethyl-1-hydroxyethylphosphonate, lb.  At room temperature, 292 ml of acetaldehyde is added 
dropwise to a stirred solution of 658.5 ml of diethylphosphite in 60 ml of triethylamine. The reaction 
is exothermic and the temperature rises to 70°C. After the addition is complete, the reaction mixture 
is kept for 14 hours at room temperature. Then the volatile parts are removed in a rotatory evaporator 
and the residue is distilled to give 283.5 g (75%) of lb ,  b.p. 114-116"C/0.2 mbar; (lit." b.p. 116-119W 
1.5 torr). 
'H-NMR (in CDC1,) 6: 1.35 (1, CH,, 6H); 1.5 (2d, C-CH, ,  J18, 3H); 4.2 (qui, m, OCH2, CHP, 5H); 
5.15 (s, OH, 1H). 
The compounds listed in Table I have been prepared similarly. 

2. O,O-Diethyl-(I-phthalimido)-N-oxyethylphosphonare, 2b. An amount of 32.32 g (0.2 mol) of azo- 
dicarbonic acid diethyl ester is added dropwise, at  a temperature of 0 to 5°C to a mixture of 36.34 g 
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42 L. MAIER and H. SPORRI 

TABLE I 
Physical properties of 

0 

1 

I 1H-NMR In COCI, 

R, CH3 OCH, PCH OH 

a H 1101o.l. 85.5 1.32 4.2 3.9 (J6) 5.15 

b CH, I 14-1 I 6 / O . P  75 1 5  I .35 4.2 4.2(m) 5.15 

C CzHg I 1 1 - 1  13/0.IC 55.6 0.8-2.0 I . 3  4.13 3.8 5. I 

d K s H ,  109-1 1 2/0.06d 40.9 0.7-2.0 1.3 4.15 3.8 4.93 

a ICgH7 96102/0.06 60.9 1.43 1.33 4.23 3.37 4.8 

I WC,Hg 1 12-1 15/0.06 67.4 0.7-2.3 1.4 4.2 3.9 5 

Q C&CH, 135/0.15 60.6 7.3.3.1 1.3 4.15 4 4.6 

h CHaSCZH, I I YO.2 4.2 4.2 4.9 

I C&IsCH2CH, 130.135/0.1 84.2 2,03:2,8 1.3 4.17 3.8 5.3 

Z.I(SCH3) ,,) 

70'6 2.0:2.7 

7.23 

k n-C3H,(CH3KH 95/0.1 86.1 0.7-2.2 1.3 4.2 3.7 4.4 

0.7-2.0 I .3 154/0.03 
(m.p.42-45) 78.3 I 4.2 3.8 3.6 

(0.2 mol) of hydroxyphthalimide, 36.43 g (0.2 mol) of l b  and 52.45 g (0.2 mol) of triphenylphosphine 
in 400 ml of tetrahydrofuran. The reaction is exothermic and a clear solution forms. After the addition 
is complete, the solution is kept for 14 hours at room temperature, then the volatile parts are removed 
in a rotatory evaporator. The residue is taken up in 200 ml of diethyl ether and stirred for one hour, 
filtered and the filtrate is again concentrated. Thin layer distillation of the residue yields 80.6 g (100%) 
of 2b, a yellow oil, b.p. 175"U0.08 mbar. 
IH-NMR (in CDCI,) 6: 1.3 ( 2 ,  CH,, 6H); 1.6 (2d, C-CH,,  J16, 3H); 4.15 (qui, OCH,) and 4.7 (Zq, 
OCH) (5H); 7.3-7.8 (m. aryl, 4H). 
The compounds listed in Table I1 have been prepared similarly. 

3. 0,O-Dierhyl-1-aminooxyerhylphosphonate, 3b. 8.94 g (0.18 mol) of hydrazine are added dropwise 
while stirring to an ice-cold solution of 40.3 g (0.1 mol) of 2b in 150 ml of methylene dichloride. The 
reaction is exothermic and a thick suspension forms. After the addition is complete, the suspension is 
stirred for one hour at 0 to 5°C and then filtered. The filtrate is dried over sodium sulfate and evaporated. 
The residue is 27.8 g of a red oil which is purified by thin layer distillation. The main fraction (11.8 g) 
distills at 65"UO.M mbar. It is distilled again to yield 9.1 g-(46.1%) of pure 3b, a clear oil. b.p. 77- 
8O0C/O.02 mbar. 
'H-NMR (in CHCI,) 6: 1.35 (t. CHI, 6H); 1.5 (Zd, 516, C-CH, ,  3H); 4.2 (qui. OCH,, OCH, 5H); 
5.9 (s, NH,, 2H). 
"P-NMR (in CHCI,) 24.26 ppm. 
CJI,$rO,P (197.17) calc.: C 36.55 H 8.18 N 7.10 P 15.71% 

The compounds listed in Table I11 have been prepared similarly. 
found: C 37.2 H 8.1 N 6.1 P 15.2% 
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TABLE I1 
Physical properties of 

0 

2 

I 

b 

C 

d 

a 

I 

0 

h 

I 

k 

I 

ti c h r o m a l ~ a p h o d ~  70.2 

CH3 I7Y0.08 I00 

CZHS 175i0.06 69.6 

*3H7 cruda.hr(har procarsad 

%H7 cruda.fwIhar processad 

“CA crudr.lur(har procarsad 

C8HSCHZ 18010.1 56.3 

CH3SCHZCH2 resin 38.5 

RZ 

I .I 

1 .o ~ 2.3 

0.8.2.2 

7.4 . 3.33 

2.03 (SCH3) 
2.0:2.7 

I . a .  3.4 
7 .0 .  8.0 

0.8 ~ 2.3 

0.8 ~ 2.5 

‘H-NMR In CDC13 

CH3 ocn, PCH 

1 4  4 3  4.57 (J9) 

1 3  4.15 4 7  

1 3  4 17 4 7  

1 3  4 2  4 7  

1.33 4.2 5.1 

1 . 3  4.1 4.7 

I 35 4.2 4 7  

I .3  4.1 4 7  

I .3  4 2  4.7 

CeH4 

7.4 - 8.0 

7.3 - 7.8 

7.3 ~ 8.0 

7.5.7 8 

7.0 - 7.5 

7 . 3 - 8 0  

7.0.8.0 

7.3 - 7.9 

7.4 - 8.0 

4. I-Arninooxyerhylphosphonic acid, 4b. A mixture of 5.92 g (0.03 mol) of 3b in 50 mi of 20% aqueous 
hydrochloric acid is heated under reflw for four hours. Then the reaction mixture is concentrated and 
the resinous residue is taken up in methanol and brought to boiling. A solution forms which crystallizes 
upon cooling. The precipitate is filtered off, dried and gives 3.7 g (73.3%) of 4b, white crystals, m.p. 
187-189°C (dec.). 
‘H-NMR (in D20/DCI) 6: 1.7 (2d, J14, CH,, 3H); 4.55 (2q, J8, CHP, IH); 5.2 (s, OH, NH,, 4H) 
C,H,NO,P (141.05) calc.: C 17.03 H 6.72 N 9.93 P 21.96% 

The compounds listed in Table IV have been prepared similarly. 

5. O,O-Dierhyl-2-nino-5-(2’-chloro-4’-~i~uoromerhylphenoxy)-phenyl-aminooxymerhyhylphosphona~e, 
5a. A mixture of 9.16 g (0.05 mol) of 3a and 9.07 g (0.025 mol) of 3,4-dinitro-2’-chloro-4’-trifluoro- 
methyl-diphenyl ether in 50 ml of toluene is reflwed for 24 h. Then the mixture is evaporated on a 
rotavapor and the residue flash chromatographed on silica-gel using ethyl acetate as eluent. There is 
obtained 4.2 g (33.7%) of Sa, a brown resin. 
‘H-NMR (in CDCI,) 6: 1.4 (t, CH,, 6H); 4.2 (qui, OCH,) and 4.25 (d, J8, CH,P) (6H); 6.3-8.27 (m, 
aryl, 6H); 10.2 (s, ONH, IH). 56, a yellow solid, m.p. 66-69°C (yield 30%) was similarly obtained. 
IH-NMR (in CDCI,) 6: 1.4 (t, CH,) and 1.5 (2d, J16, C-CH,) (9H); 4.23 (OCH,, OCH, 5H); 6.3- 
8.3 (m, aryl, 6H); 10.3 (s, ONH, IH). 

6. O,O-Dierhyl-N-(3,4-dichlorophenylaminocarbonyl)-aminooxymerhylphosphonate, 6. To a solution 
of 9.2 g (0.05 mol) of 3a in 50 rnl of diethyl ether is added dropwise with ice-cooling a solution of 10.3 
g (0.05 mol) of 3,4-dichlorophenylisocyanate in 50 ml of diethyl ether. A slightly exothermic reaction 
ensues. The clear solution is evaporated on a rotavapor and the residue flash-chromatographed on 

found: C 17.0 H 5.7 ’ N 9.6 P 21.8% 
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TABLE IV 
Physical properties of 

0 

4 

' H  - NMR In OZO/DCI Yleld % 
Meltlng point 

OC 4 R Z  

R Z  CHZ : CHP OH : NHZ 

a H 189-1 90 dec.9 75.6 4.7(J10) 5.6 

b CH3 187-1 89  dec. 73.3 1.4(J14) 4.55(J8) 5.2 

C CZH5 184-1 85 dec.c 51.6 1.23-2.0 4.45(rn) 5.47 

'H - NMR In NaOD 

P C6H&Hz 172-1 76 dec.0 67.7 7.2 2.5-3.3 4.9 

7.1 

2.6 
I C&sCHzCH, 180-190 dec . 30.3 1 .8 3.0-3.5 4.75 

a) ltt.7rn.p. 161 - 1  63 oC(dec.): Ilt.0 m.p. 207-208 OC(dec.) 

CH6N0,P calc: C 9.46 H 4.76 N 11.93 P 24.38 % 

(127.4) fourd: C 9.8 H 4.8 N 10.6 P 23.8 % 
aequlv. weight fomd 130: pK, - 4.29 pKZ - 6.86 

c) C,HloN04P calc: C 23.23 H 6.50 N 9.04 P 19.97 X 

(1 55.09) f and :  C 23.0 H 6.4 N 8.9 P 20.0 X 
aequlv. welpht f m d  158: pKl - 4.62 pK2 - 7.42 

0) C,H12N04P cmlc: C 44.25 H 5.57 N 6.45 P 14.25 X 

(21 7.1 6) f m d :  C 43.9 H 5.7 N 6.5 P 14.2 X 

I )  C9H14N0,P calc: C 46.76 H 6.1 1 N 6.06 P 13.40 X 

(231.19) fourd: C 46.8 H 6.3 N 6.2 P 13.3 X 
aequlv. vdpht f u n d  238: pK, < 2.5 pK2 - 4.43 pK, - 7.35 
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46 L. MAIER and H. SPORRI 

silica-gel using ethyl acetateln-hexane (2:l) as eluent. There is obtained 8.4 g (45.4%) of 6, m.p. 63- 
69°C. 
IH-NMR (in CDCI,) 8: 1.33 (t, CH3,6H); 4.2 (qui, OCH,) and 4.25 (d. J8, CH,P) (6H); 7.4 (br.) and 
7.9 (m, aryl) (3H); 8.3 (s, NH, IH); 9.2 (s, NHO, 1H). 
C,2H,,CI,N20sP (371.16) calc.: C 38.83 H 4.62 N 7.55 P 8.35% 

Dealkylation of 6 with trimethylbromosilane followed by hydrolysis yields the corresponding free phos- 
phonic acid of 6, m.p. 156"C, yield 80.3%. 
IH-NMR (in CD,OD) 6: 3.9 (d, J8, CHtP, 2H); 5.2 (s, OH, NH); 7.03 and 7.45 (aryl, 3H). 

7. 0, O - D i e r h y l - N - b c n z y l i d e n e - o m i n o o x y m e l h y l p h ,  7a. A solution of 9.15 g (0.05 mol) of 3a 
and 5 rnl of benzaldehyde in 50 ml of ether is stirred for one hour and then sodium sulfate added, 
filtered and the filtrate kugelrohr distilled at  14O0C/O.2 torr. The distillate is flash-chromatographed 
over silica-gel and eluded with ethyl acetate: n-hexane (2:l) to give 8.7 g (64.4%) of 7a, b.p. 145°C~ 
0.1 torr, nb = 1.5172. 

found: C 39.2 H 4.7 N 7.5 P 8.4% 

IH-NMR (in CDCI,) 6: 1.33 (t, CH,, 6H); 4.2 (qui. OCH,, 4H); 4.55 (d, J8, PCH,O, 2H); 7.4 (m, 
aryl, 5H); 8.15 (s, CH=N, 1H). 
The compounds'listed in Table. V have been prepared similarly 

TABLE V 
Physical properties of 

7 

7 X Y YI.ld (m.p. OC) H - NMR In CDC13 
b.p. OCItorr 

PCH, N-CH 

a H H 64.4 1 4510.1 4.55(J8) 8.15 

b 2-c I 4C I  68.8 15510.1 4.57(J8) 8.5 

C 3 x 1  4 C  I 63.5 18WO.02 4.4(J8) 8.1 

d H 2-NO2 64.5 nozol .5303 4.55(J7) 8.75 

r H 3-NOz 74 n,zol.5296 4.63CJ7.5) 8.55 

f H 4-N02 48.7 (68-70) 4.57L17) 8.3 

0 H 4-F 74 17510.1 4.55(J8) 8.17 

0 

7 

X Y  

R X Y Ylrld % (m'p') H - NMR In CD,OD 
b.p. OCltorr 7 

CCH, PCH N-CH 

h H 2-CI 4x1 61 63-56]  1.53(2d.J16) 4.55(58) 8.43 

I CH, 3-CF3 H 65.3 15310.08 
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TABLE V (continued) 

0 

7 

k 

I 

m 

X Y y l d  % m.p. OC I H  - NMR In CD,OD 

PCH, N-CH OH 

154-1 57 4.05(J7) 8.07 4.65 Z-CI 4-CI 35.2 

3-C I 4-CI 40.5 126-131 4.05(J8) 7.7 4.9 

H 4-F 22.5 1 1  4-1 22 3.87(J8) 7.63 4.7 

R* 0 

7 

7 R '  R2 Yield % b.p. %/tom ' H  - NMR In CDCI, 

PCH, 

n CZHS 'ZH5 79.6 92-95/0.06 4.25(J8) 

0 CH3 CZHS 79.3 90-92/0.04 4.3(J8) 

* P  - (CH,), - 80.7 1 10-1 13/0.04 4.2S(J8) 

4 - (CH& 45.2 122-1 25/0.07 4.3(J8) 

Dealkylation of 7b with trimethylbromosilane followed by hydrolysis yields the free phosphonic acid 
7k, m.p. 154-157°C. yield 35.2%. 
'H-NMR (in CD,OD) 6: 4.05 (d, 57, CH,P, 2H); 4.65 (s, OH); 6.7-7.5 (m. aryl, 3H); 8.07 (s, CH=N, 
1H). 
71 and 7m (Table V) have been prepared similarly. 
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