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A series of I-alkyl- or  l-aryl-l-hydroxy-2-N-hydroxylaminoethylphosphonic acids was prepared by con- 
trolled reduction of dialkyl l-alkyl- or 1-aryl-1-hydroxy-2-nitroethyl phosphonates with aluminum amal- 
gam or stannous chloride followed by subsequent acid hydrolysis or dealkylation via the corresponding 
trimethylsilyl ester. 

Key words: Phosphonic acid; hydroxylamino derivatives; hydroxy derivatives; 1-alkyl(ary1)-1-hydroxy- 
2-N-hydroxylaminoethylphosphonic acids. 

INTRODUCTION 

Since the successful isolation of 3-(N-acetyl-hydroxylamino)-propionic acid as an- 
tibiotics from streptomyces rubellomurinusl it was found that some synthetic an- 
alogues also possess strong antibacterial activities.2 It is therefore interesting to 
synthesize various derivatives of 1-hydroxy-2-N-hydroxylaminoethylphosphonic acid 
for the structure-activity investigations. 

Among numerous methods available for the formation of the hydroxylamino 
moiety, the controlled reduction of a nitro group is one of the convenient synthetic 
 route^.^.^ However, such reductive conversion is complicated if there are additional 
functional groups in the substrate which make the molecule unstable under reaction 
conditions. For example, derivatives of 1-hydroxy-alkylphosphonates are easily 
degraded through C-C and C-P bond cleavage in the presence of alkali, even 
with a catalytic amount of organic base.5 

RESULTS AND DISCUSSION 

We found that dialkyl 1-alkyl- or 1-aryl-1-hydroxy-2-nitroethylpho~phonates~ (1) 
can be easily converted to dialkyl 1-alkyl- or 1-aryl-1-hydroxy-2-hydroxylamino- 
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ethylphosphonates (2) by treatment either with aluminum amalgam in ethyl acetate 
(Method A) or with stannous chloride in hydrochloric acid solution (Method B). 

1 2 3 

a) Al-Hg(ETOAc), 47-74% 
c )  H C 1 ,  5 4 4 4 %  

b )  SnC12(HC1), 43-75% 
d )  t4e SiBr, H20, 54-78% 3 

The controlled reduction of a nitro group to a hydroxylamino functionality by 
Al-Hg is one of the traditional synthetic  method^.^,^ Our experimental data reveal 
that the yield of 2 by this method is very much dependent on the structure of the 
substrate 1 and the reactivity of A1-Hg. Variation of the steric hindrance of the 
ester alkyl group in 1 has a dramatic effect on the yield of 2. The isopropyl ester 
usually provides higher yields than the corresponding ethyl and methyl esters. This 
can be explained by the steric effect which hinders the attack of the oxygen atom 
on phosphorus, and thus prevents the phosphonate-phosphate rearrangement via 
the formation of a reactive three membered ring oxide species as the result of 
intramolecular interaction.’ On the other hand, the presence of a nuclear ortho- 
substituent in aryl-phosphonates (1 or 2) effects significant steric hindrance which 
depressed the yield of the product. As demonstrated by  US,^ addition of p-toluene 
sulfonic acid can decrease the amount of by-product in the preparation of l-hydroxy- 
alkylphosphonates bearing a basic functional group by reductive conversion. In the 
present case, addition of p-toluene sulfonic acid or acetic acid also has similar effect 
but it requires longer reaction time and gives product 2 contaminated with the 
amino-compound. During the reaction course we observed that the reactivity of 
Al-Hg decreased probably due to the formation of a metal oxide coated on the 
surface of the reagent. In a protic solvent the reducing power of Al-Hg is enhanced. 
However, this is a favourable condition to form amino-derivatives. 

The conversion of the nitro-function into oximido and hydroxylamino group by 
stannous chloride in hydrochloric acid is well d o c ~ m e n t e d . ~ , ~  Our results indicated 
that this method (B) usually provides better yields of 2 at low (<lO°C) temperature, 
no matter of the structure of substrate 1. The conversion yield is up to >95% based 
on 31P NMR. However, the isolated yield is around 60% due to the interference 
of the formation of stannous salts and the solubility of the product in water. Both 
ether and ethyl acetate are good solvents to separate 2 from inorganic salts. Neu- 
tralization of the reaction mixture by conc. ammonium hydroxide or  sodium bi- 
carbonate powder at low temperature (lO°C) to pH 8 is critical. Conversion of 2 
to 3 is easily achieved either by acid hydrolysis or by dealkylation through the 
trimethyl silyl ester in the usual manner. 

EXPERIMENTAL 

Melting points are not corrected. IR spectra were obtained.on a Shimadzu 440 spectrometer. ‘H and 
31P NMR spectra were taken with a Varian EM-360A (60 MHz) or FX-90Q (90 MHz) spectrometer 
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HYDROXYLAMINOETHYLPHOSPHONIC ACIDS 151 

with internal TMS (IH) or external 85% H,P04 ("P) as standard, and the coupling constants J are 
given in Hz. The starting material and solvents used were purified by standard procedure prior to use. 

Dialkyl 1 -alkyl or 1 -aryl-1 -hydroxy-2-hydroxylaminoethylphosphonates 2; General Procedure. Method 
A (Al-HgBtOAc): To a suspension of AI-Hg, prepared from 1.5 g aluminium foillo in EtOAc/ether 
(1:lN:V) (100 mt) containing H,O (2 ml) are added at 0°C dialkyl 1-alkyl- or l-aryl-l-hydroxy-2- 
nitroethylphosphonate (30 mmol). The reaction mixture was stirred at a temperature of 25°C and 
monitored by TLC until no more starting material 1 can be detected. The resultant mixture was 
centrifuged. The separated solid was extracted with EtOAc (3 X 20 ml) and then discarded. The 
combined organic solution and extract was dried (MgS0,) and the solvent was evaporated in a rotatory 
evaporator. The oily residue thus obtained was dissolved in ethanol and treated with oxalic acid (2.7 
g, 30 mmol). After removal of the solvent the crystalline oxalate salt was isolated upon addition of 
anhydrous ether. Recrystallization from ethanol/ether afforded 2. The results are summarized in Tables 
I and 11. 

Method B (SnC12/HCI): To a solution of SnCI, (30 g) in conc. HCI (50 ml) was added at O"C, 
compound 1 (50 mmol) in small portions. Upon completion of the reaction as indicated by TLC, the 
reaction mixture was poured into a flask containing EtOAc (200 ml). After cooling in a dry ice alcohol 

TABLE I 
Compounds 2 prepared" 

~~ 

Yield Molecular 
2 R' R2 Method Formulab 

a 

b 

C 

d 

e 

f 

g 

h 

i 

j 

k 

I 

m 

n 

0 

P 

9 

Me 

Me 

Et 

i-Pr 

c-C;cf, 

Bn 

Bn 

PhCH,CH, 

4-FC.&CH, 

C'C6H11 

Ph 

4-MeC6H, 

4-MeCaH, 

3-MeCJ14 

3-MeC6H, 

4-FC6H4 

4-ClCeH4 

Et 

i-Pr 

Et 

Et 

Et 

Me 

Et 

Et 

Et 

i-Pr 

Et 

Et 

i-Pr 

Et 

i-Pr 

Et 

Et 

153-155 

148-150 

134-136 

137-139 

118-120 

118- 120 

102- 104 

116-118 

102-104 

136-138 

142-144 

135-136 

162-164 

120-122 

164- 166 

112-114 

133-135 

A 

A 

A 

A 

A 

A 

A 

A 

B 

B 

B 

B 

B 

A 

A 

B 

B 

67 

71 

56 

47 

69 

61 

74 

66 

62 

54 

43 

64 

75 

47 

71 

43 

54 

"All of the compounds were isolated as oxalate salt except 2f and 2g. 
bSatisfactory microanalyses obtained: C 2 0.3, H ? 0.2, N f 0.3, P 2 0.32. 
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2a 

2b 

2c 

2d 

2e 

2f 

2g 

2h 

2i 

2j 

2k 

21 

2m 

2n 

20 

2P 

2q 

1222 

1224 

1225 

1214 

1218 

1215 

1212 

1225 

1221 

1218 

1216 

1218 

1216 

1228 

1218 

1227 

1226 

1020 

1002 

1025 

1021 

1022 

1030 

1029 

1024 

1020 

990 

1013 

1031 

1013 

1025 

998 

1021 

1014 

TABLE I1 
Spectroscopic data of compounds 2 

IR 'H NMR 31P NMR 
(KCI) Y (cm-I) (solventtTMS ext) (80% H3P0, int) 

(D,O) 0.85-1.40 (m, 9H), 3.20-3.60 (m, 2H), 4.05 
Product P=O P-4-C 6 ( P P 4  8 ( P P 4  

(m, 4H) 

(m, 2H) 

3.68 (m, 2H), 4.35 (m. 4H) 

(m. 4H) 

(DzO) 1.3-1.5 (m, 15H), 3.70 (br, 2H), 4.40-4.80 

(D,O) 1.20 (t, 3H), 1.38 (dt, 6H), 1.46 (m, 2H), 

(D,O)0.95-1.50(m,13H),3.40-3.75(m,2H),4.20 

(CD,OH) 0.20-0.70 (m, 5H), 1.20 (t. 6H), 3.30 (m, 
2H), 4.10 (m, 4H) 

(CD,CI,) 2.90-3.30 (m, 4H, CH,N, PhCH,), 3.70- 
4.15 (m, 6H), 5.30-5.70 (m, 3H, NHOH, OH), 
7.30 (s, 5H) 

(CDCI,) 1.30 (t, 6H), 2.90-3.40 (m, 4H, PhCH,, 
CH,N), 4.30 (m, 4H), 5.30-5.70 (m, 3H, NHOH, 
OH), 7.30 (s, 5H) 

(DzO) 1.18 (m, 6H), 1.50-2.80 (m, 4H), 3.35-4.10 
(m, 6H), 7.10 (s, 5H) 

(D,O) 1.20 (dt, 6H), 3.05 (d, 2H) 3.55 (m, 2H), 
4.15 (m, 4H), 6.95-7.40 (m, 4H) 

(D,O) 1.45-1.95 (m,23H), 3.65 (m, 2H), 4.50-4.85 

(DzO) 1.20 (dt, 6H), 3.60-4.10 (m, 2H, CH,N), 
4.30 (m, 4H), 7.05-7.35 (m, 5H) 

(D20) 1.05 (m, 6H), 2.20 (m, 3H), 3.45-4.05 (m, 
6H), 7.25 (m, 4H) 

(DzO) 0.95-1.40 (m, 12H), 2.30 (s, 3H), 3.82-4.10 
(m, 2H, CH,N), 4.30-5.00 (m, ZH), 7.30-7.60 
(m, 4H) 

(D,O) 1.15 (dt, 6H), 2.30 (s, 3H), 3.35-3.45 (m, 
2H), 3.60-4.15 (m, 4H), 6.85-7.35 (m, 4H) 

(D,O) 1.15 (m, 12H), 3.65-4.15 (m, 2H, CH,N), 
4.50-5.00 (m, 2H), 7.05-7.60 (m. 4H) 

(D,O) 1.20 (dt, 6H), 3.60-4.20 (m, 6H), 7.20-7.80 
(m, 4H) 

(D,O) 1.30 (dt, 6H), 3.60-4.35 (m, 6H), 7.25-7.85 
(m, 4H) 

(m. 2H) 

23.15 

22.85 

22.78 

25.14 

24.43 

26.06 

25.97 

24.73 

24.14 

23.99 

21.22 

21.32 

21.44 

21.31 

19.51 

21.02 

20.75 

bath, the resultant was treated either with dropwise addition of conc. NH,OH or by neutralization with 
NaHCO, powder below - 10°C until pH 8 was reached. After that the reaction mixture was warmed 
to room temperature, centrifuged and the organic layer collected. The separated aqueous layer and 
solid was extracted with EtOAc (3 x 60 ml). The combined EtOAc solution and extracts were dried 
over MgSO, and the solvent evaporated in a rotatory evaporator. The viscous oily liquid thus obtained 
was treated as described in method A. The results are summarized in Tables I and 11. 

1 -Alkyl- or 1 -aryI-1 -hydroxy-2-hydroxylaminoethylphosphonic acid 3; General Procedure. Method A 
(acid hydrolysis): A mixture of the oxalate of 2 (30 mmol) in aqueous HCI (1:l) was heated to 80°C 
with stirring for 7-12 h. After being cooled, the acidic solution was washed with benzene to remove 
oxalic acid and other impurities followed by treatment with charcoal. The clear aqueous solution was 
heated in a rotatory evaporator under reduced pressure. The resultant residue was dissolved in absolute 
alcohol and treated with propylene oxide until precipition occurred. Recrystallization from EtOH/H,O 
afforded compounds 3 summarized in Tables 111 and IV. 

Method B (dealkylation): A suspension of oxalate of 2 (20 mmol) in ether (100 ml) was chilled in 
a dry ice bath and treated with diluted NH,OH solution by dropwise addition until a clear solution was 
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TABLE 111 
Compounds 3 prepared 

3 R 
Yield Molecular i?) Method (%I Formula" 

a 

h 

Bn 

C6H5CH,CH, 

4-FC6H4CHZ 

C6HS 

4-MeC6H4 

3-MeCa4 

4-FC6H4 

4-ClC6H4 

198-200 (dec) 

204-206 (dec) 

210-212 (dec) 

192-194 (dec) 

170- 172 

162- 164 

154- 158 

193- 196 

84 

75 

60 

54 

78 

71 

54 

62 

C9H14N05P 
(247.0) 

(261.2) 
C9H13FN05P 

(265.1) 

(233 .O) 

(247.1) 
C~HI~NOSP 

(247.1) 
C&iimO4' 

(251.1) 

(267.5) 

c10H16N05p 

C&izNOd' 

C9H14N05P 

C,H,,ClNO,P 

"Satisfactory microanalyses obtained: C 2 0.4, H f 0.2, N & 0.3, P 2 0.33 

TABLE IV 
Spectroscopic data of compounds 3 

~~ ~ 

IR 
(KCl) Y (cm-') 

Product P=O P-0-C 

'H NMR 
(solvent/TMS ext) 

8 (PPm) 

~~ 

31P NMR 
(80% H,PO, int) 

8 ( P P 4  
3a 

3b 

3c 

3d 

3e 

3f 

3g 

3h 

3400 
3125 
3426 
3026 
3500 
3220 
3450 
3120 
'3450 
3030 
3440 
3110 
3460 
3050 
3560 
3052 

1125 

1119 

1130 

1143 

1162 

1165 

1161 

1138 

(DMSOEFA) 2.70-3.45 (m, CH,N, PhCH,), 7.26 
(s. 5Hl 

(*A) 1.'41-2.80 (m, 4H), 3.45-3.90 (m, 2H), 7.50 
(s, 5H) 

(D;O/TI;A) 2.80-3.10 (m, 2H), 3.45-3.75 (m, 2H), 

(DMSOEFA) 3.01-3.52 (m, 2H, CH,N), 6.95-7.90 
6.50-7.00 (m, 4H) 

_ ,  

(m. 5H) 

(m, 4H) 
(D,O/TFA) 2.0 (m, 3H), 3.30-3.90 (m, 2H), 7.0 

(DiOiTFA) 2.10 (s, 3H), 3.15-3.50 (m, 2H), 6.80- 

(D,O/TFA) 2.85-3.45 (m, 2H), 6.65-7.60 (m. 4H) 

(DMSOAFA) 3.30-3.90 (m, 2H, CH,N), 7.20-7.90 

7.30 (m, 4H) 

(m. 4H) 

20.58 

20.78 

18.88 

16.90 

18.62 

18.97 

18.90 

18.55 

formed. The ether layer was cotlected and the aqueous solution was extracted with ether (3 x 40 ml). 
The combined etheral solution was washed with brine (2 x 15 ml) dried (MgSO,) and concentrated 
in vacuo. The residue thus obtained was dissolved in anhydrous CH,CI, (100 ml). After addition of 
Me,SiBr (15.3 g, 100 mmol) the mixture was stirred for 8 h at room temperature. After removal of the 
solvent and excess reagent in vacuo, the residue was treated with methanol (20 ml) with stirring for 4 
h. After evaporation of methanol a mixture of water (20 ml) and conc. HCI (5 ml) was added and the 
resultant mixture was heated at <60°C for 2 h. After evaporation under reduced pressure the residue 
was dissolved in a minimum amount of ethanol and treated with propylene oxide until precipitation 
occurred. Recrystallization from EtOH/H,O afforded compounds 3 as summarized in Tables I11 and 
IV. The data of the elemental analyses are summarized in Table V. 
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TABLE V 
Data of elemental analyses 

Calculated (%) Found (%) 

Product C H N P C H N P 

2a 34.07 
2b 38.26 
2c 36.23 
2d 38.26 
2e 38.46 
2f 48.00 
2g 51.47 
2h 47.14 
2i 43.77 
2j 46.46 
2k 44.33 
21 45.78 
2m 48.43 
2n 45.78 
20 48.43 
2P 42.51 
2s 40.61 
3a 43.72 
3b 45.94 
3c 40.74 
3d 41.20 
3e 43.71 
3f 43.71 
3g 38.23 
3h 35.88 

6.31 
6.95 
6.04 
6.95 
6.41 
6.55 
5.94 
6.38 
5.59 
7.74 
5.80 
6.10 
6.65 
6.10 
6.65 
5.31 
5.08 
5.67 
6.13 
4.90 
5.15 
5.67 
5.67 
4.38 
4.11 

4.42 
4.06 
4.22 
4.06 
4.08 
5.09 
4.62 
3.44 
3.40 
3.39 
3.67 
3.56 
3.32 
3.56 
3.32 
3.32 
3.38 
5.67 
5.36 
5.28 
6.01 
5.67 
5.67 
5.58 
5.23 

9.78 
8.98 
9.36 
8.98 
9.03 

11.27 
10.23 
7.61 
7.53 
7.50 
8.18 
7.88 
7.36 
7.88 
7.36 
7.84 
7.49 

12.55 
11.87 
11.69 
13.31 
12.55 
12.55 
12.35 
11.59 

33.88 
38.02 
36.51 
38.50 
38.24 
48.33 
51.55 
47.34 
43.99 
46.24 
44.55 
45.98 
48.42 
45.98 
48.22 
42.81 
40.48 
43.55 
46.22 
70.34 
41.28 
43.66 
43.78 
38.00 
35.66 

6.28 
6.72 
6.11 
7.02 
6.21 
6.58 
5.78 
6.49 
5.69 
7.54 
5.91 
6.32 
6.38 
6.00 
6.73 
5.31 
5.12 
5.78 
6.33 
4.72 
5.15 
5.79 
5.67 
4.52 
4.32 

4.28 
4.15 
4.02 
4.15 
4.29 
5.21 
4.86 
3.71 
3.45 
3.29 
3.73 
3.86 
3.02 
3.62 
3.45 
3.23 
3.60 
5.86 
5.26 
5.00 
6.08 
5.37 
5.44 
5.28 
5.44 

9.56 
9.01 
9.08 
9.12 
9.33 

11.35 
10.50 
7.72 
7.62 
7.66 
8.32 
7.99 
7.26 
8.12 
7.58 
7.68 
7.66 

12.48 
11.78 
11.52 
13.08 
12.72 
12.33 
12.05 
11.74 

ACKNOWLEDGEMENT 

This project was supported by the National Natural Science Foundation of China. 

REFERENCES 

1. K. Hemmi, H. Takeno, M. Hashimoto and J. Kamiya, Chem. Pharm. Bull., 30, 111 (1982). 
2. V. E. Anderso, Biochemistry, 23,2779 (1984). 
3. M. Hudlicky, “Reduction in Organic Chemistry,” John Wiley and Sons, New York, 69 (1984). 
4. B. M. Trost, (ed), “Comprehensive Organic Synthesis,” Pergamon Press, London, 379 (1991). 
5. C. Y. Yuan, G. H. Wang and S. J. Chen, Phosphorus, Sulfur and Silicon, 63, 111 (1991). 
6. C. Y. Yuan, S. H. Cui, G. H. Wang, H. Z. Feng, D. L. Chen, C. Z. Li, Y. X. Ding and L. Maier, 

7. P. A. S. Smith, H. R. Alul and R. L. Baumganten, J .  Am. Chem. Soc., 86, 1139 (1964). 
8. C. G. Shin, H. Aarukawa, M. Yamaura and J. Yoshimura, Tetrahedron Lett., 2147 (1977). 
9. G. H. Wang, Ph.D. Dissertation, Shanghai Institute of Organic Chemistry, Academia Sinica, 1990. 

Synthesis, 258 (1992). 

10. H. Wislicenus and L. Kaufmann, Chem. Ber., 28, 1323 (1895). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
0
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1


