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Preparation of O-Alkylhydroxamic Acids Using 2-Acylpyridazin-3(2丑)-ones in Water
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Well known to bind with hard metal ions like Zn(II), 
Fe(III) or Sn(IV),1-3 hydroxamic acids are key pharmaco­
phores in many important chemotherapeutic agents such as 
the succinate-based matrix metalloproteinases (MMPs) 
inhibitors,1 the class I/II histone deacetylase (HDAC) 
inhibitors,2 and iron-containing antibiotics like hydroxamic 
acid based siderophores and analogues.4 Methodology for 
the preparation of functionalized hydroxamic acids has been 
studied for over a century,5 e.g., starting from carboxylic 
acids or their derivatives,3,6 and N-acyloxazolidinones.7 
While some of these methods have attractive features, their 
general utility is often limited by reagent instability, toxicity, 

high volatility, use of excess hydroxylamine, high cost and/ 
or difficult purification protocols. There is, consequently, a 
continuing need for more efficacious procedures for the 
synthesis of hydroxamic acids from carboxylic acid derivatives. 
Herein, we report a novel, efficient, convenient and eco­
friendly method for the preparation of hydroxamic acids and 
their derivatives using 2-acyl-4,5-dichloropyridazin-3(2」H)- 
ones and O-alkylhydroxylamine hydrochlorides in water.

Pyridazin-3(2 丑)-ones are capable of functioning as good 
leaving groups or activators in synthetic chemistry.8-10 In our 
previous reports,8,9 we demonstrated that 2-acyl-4,5-di- 
chloropyridazin-3(2 丑)-ones are excellent acylating agents
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Table 1. Conversion of O-benzylhydroxylamine hydrochloride 
(1a) to O-benzylhydroxamide using 2aa

1a Base/Solvent 3a

C6H5CH2ONH2«HCI------ 彳--- -|0fAN°€H2C6H5

entry Base (equiv) solvent time (min) 3a yield (%尸

1 Et3N (1.2) THF 12 75
2 Et3N (1.2) CH3CN 5 91
3 Et3N (1.2) (Et)2O No reaction —
4 Et3N (1.2) CH2Cl2 No reaction —
5 Et3N (1.2) H2O 10 96
6 K2CO3 (1.2) CH3CN 35 90
7 NaH (1.2) CH3CN 50 94
8 MeONa (1.2) CH3CN 20 92
9 Pyridine (1.2) CH3CN 63 92
10 — CH3CN No reaction —
11 — H2O 10 96

"Reactions were carried out at room temperature except fbr the entries 5, 
10 and 11. Entries 5, 10 and 11 were carried out at reflux temperature. 
"Isolated yields. Compound 4 was isolated in quantitative yield.

for amines. Water also is a good solvent for the reaction of 
4,5-dichloropyridazin-3(2H)-one.11 To evaluate the potentiality 
of 2-acylpyridazin-3(2丑)-ones for the conversion of O- 
alkylhydroxylamines to hydroxamic acids, we first investi­
gated the reaction of O-benzylhydroxylamine hydrochloride 
(1a) with 2a8 under various conditions (Table 1).

Treatment of 1a with 2a in the presence of Et3N in 
tetrahydrofuran, acetonitrile, or water afforded 3a in 75-96%

Table 2. Preparation of O-substituted-hydroxamic acids 1 using 2 
in refluxing H2O

1 H2O 3

RONHgHCI ——---丘

Entry 3 time (min) yield (%)a

1 b 20 99
2 c 10 94
3 d 10 94
4 e 15 92
5 f 15 91
6 g 10 92
7 h 15 95
8 i 15 88
9 j 30 95
10 k 15 95
11 l 30 87
12 m 15 94
13 n 20 97
14 o 35 92”

15 P 20 82
aIsolated yields. Compound 4 was isolated in quantitative yield.
”(Me)3SiONH2 was used as compound 1.

Figure 1. ORTEP for compound 3l.

yield. There was no reaction using methylene chloride or 
diethyl ether as the solvent.

Replacement of Et3N with sodium hydride, potassium 
carbonate, sodium methoxide or pyridine in acetonitrile 
afforded 3a in 90-94% yield. Notably, reaction of 1a with 2a 
without base in water, but not acetonitrile, smoothly 
generated hydroxamide 3a in quantitative yield. The 
unexpected efficiency of this transformation may be due in 
part to the ability of the hydroxylamine hydrochloride to 
improve the solubility of 2a in water.

Since water as the reaction medium offers many important 
advantages from the point of view of green chemistry and 
economics,12 we determined the scope of the conversion of 1 
into 3 in refluxing water. Reactions of O-alkylhydroxyl- 
amine hydrochlorides 1 with 2-acyl (or aroyl)pyridazin- 
3(2H)-ones 2 in refluxing water gave the corresponding O- 
alkylhydroxamides 3 in excellent yields (Table 2). N-Tosyl- 
protected amino acid derivative 2l reacted cleanly to give 
only hydroxamic acid 3l in good yield (Entry 11, Table 2) 
without affecting the amino functionality. Furthermore, no 
racemization of the a-chiral center was observed by X-ray 
analysis. Reaction of silylated-hydroxylamine 1d with 2a in 
water afforded the hydroxamic acid 3o directly in excellent 
yield (Entry 14, Table 2). However, reaction of hydroxyl­
amine hydrochloride with 2a in water gave a mixture of 
unknown compounds. In all the cases, any unreacted 4,5- 
dichloropyridazin-3 (2H)-one could be recovered quantitatively.

In conclusion, we have developed an efficient, mild, 
inexpensive and eco-friendly procedure for the N-acylation 
of hydroxylamines using 2-acyl(or aroyl)pyridazin-3(2H)- 
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ones 2 to give hydroxamic acids 3. A wide variety of 
hydroxylamines can be used in the amidation process and 
proceeds without racemization.

Experiment지 Section

General Remarks. Reagent and solvents were used as 
received from commercial sources. TLC was performed on 
plates coated with silica gel (silica gel 60 F254, Merck). The 
spots were located by UV light. Open-bed chromatography 
was carried out on silica gel (70-230 mesh, Merck) using 
gravity flow. The column was packed as slurries with the 
elution solvent. Melting points were determined with a 
capillary apparatus and uncorrected. 1H and 13C NMR 
spectra were recorded on a 300 MHz spectrometer with 
chemical shift values reported in units (ppm) relative to an 
internal standard (TMS). IR spectra were obtained on a IR 
spectrophotometer. Elemental analyses were performed with 
a Perkin Elmer 240C. X-Ray diffraction data were obtained 
with a Rigaku AFC7R diffractometer with filtered Mo-Ka 
radiation and a rotating anode generator.

General Procedure. A mixture of。-alkylhydroxylamine 
hydrochloride 1 (1.26 mmol), and 2-acyl-4,5-dichloro- 
pyridazin-3(2H)-ones 213 (1.38 mmol) in water (15 mL) was 
refluxed with stirring until 2 disappeared. After cooling to 
room temperature, the reaction mixture was extracted with 
methylene chloride (4 x 50 mL). The organic extracts were 
dried over anhydrous MgSO% the solvent was evaporated 
under reduced pressure, and the residue was purified via 
silica gel column chromatography using CHzCL/diethyl ether 
(10 : 1, v/v) to afford the corresponding O-alkylhydroxamic 
acids 3 in good to excellent yields. All products were fully 
characterized on the basis of spectral (IR, 1H and 13C NMR) 
and elemental analytical data. Data for some selected 
compounds;

MBenzyloxypentanamide (3g): oil. IR (KBr): 3200, 2980, 
2880, 1660, 1500, 1460, 1370, 1270, 1210, 1100, 1050, 970, 
910, 750 cm-1. 1H NMR (CDCh): 8 9.37 (s, NH, D2O 
exchangeable), 7.36 (s, Ar-5H), 4.87 (s, 2H), 2.05 (t, 2H, J = 
7.07 Hz), 1.63-1.51 (m, 2H), 1.37-1.25 (m, 2H), 0.87 (t, 3H, 
J = 7.29 Hz). 13C NMR (CDCh): 8 13.7, 22.3, 27.5, 33.9, 78.0, 
128.5, 128.6, 129.2, 135.4, 171.4. Anal. Calcd for C12H17NO2: 
C, 69.54; H, 8.27; N, 6.76. Found: C, 68.48; H, 8.40; N, 
6.73. Elution solvent for the column = CHzCh: diethyl ether 
(10 : 1, v/v); Rf = 0.20 (CH2O2: diethyl ether = 9 : 1, v/v).

(R,S)-MBenzyloxy-2-phenylpropanamide (3j): mp. 
117-118 oC. IR (KBr): 3200, 3070, 3030, 2980, 2930, 2880, 
1660, 1500, 1450, 1370, 1210, 1180, 1060, 1020, 930, 740, 
690 cm-1. 1H NMR (CDCh): 8 8.91 (s, NH, D2O exchange­
able), 7.31-7.21 (m, Ar-10H), 4.76 (s, 2H), 3.47-3.41 (q, 1H, 
J = 6.97 Hz), 1.44 (d, 3H, J = 6.91 Hz). 13C NMR (CDCh) 8 
18.2, 43.8, 77.9, 127.2, 127.5, 128.4, 128.6, 128.7, 129.3, 
135.1, 140.5, 172.0. Anal. Calcd for C16H17NO2: C, 75.27; 
H, 6.71; N, 5.49. Found: C, 75.45; H, 6.80; N, 5.40. Elution 
solvent for the column = CH2Cl2 : diethyl ether (10 : 1, v/v); 
Rf = 0.62 (CH2Cl2: diethyl ether = 9 : 1, v/v).

MBenzyloxy-(5)-3-phenyl-2-(4-methylphenylsulfonyl- 

amino)propanamide (3l): mp. 97-98 oC. IR (KBr): 3260, 
3050, 2960, 2880, 1660, 1500, 1460, 1330, 1160, 1090, 750, 
700, 670, 550 cm-1. 1H NMR (CDCl3): 8 9.36 (s, NH, D2O 
exchangeable), 7.50 (d, Ar-2H, J = 8.30 Hz), 7.34-7.28 (m, 
Ar-5H), 7.15-7.11 (m, Ar-5H), 6.95 (d, Ar-2H, J = 5.97 Hz), 
5.57 (d, NH, J = 7.96 Hz, D2O exchangeable), 4.70 (dd, 2H, 
J = 10.90 Hz), 3.91 (dd, 1H, J = 7.40, 7.42 Hz), 2.97-2.78 
(m, 2H), 2.35 (s, 3H). 13C NMR (CDCl3): 8 21.5, 38.4, 56.4, 
78.4, 127.0, 128.5, 128.7, 129.3, 129.8, 134.8, 135.2, 143.8, 
168.0. Anal. Calcd for C23H24N2O4S: C, 65.07; H, 5.70; N, 
6.60; S, 7.55. Found: C, 65.49; H, 5.78; N, 6.67; S, 7.48. 
Elution solvent for the column = CH2Cl2 : diethyl ether 
(5 : 1, v/v); Rf = 0.56 (CH2Cl2 : diethyl ether = 5 : 1, v/v).

MHydroxybenzamide (3o): mp. 102 oC. IR (KBr): 3350, 
3075, 2825, 1660, 1620, 1580, 1520, 1460, 1310, 1240 cm-1. 
1H NMR (DMSOd): 8 11.23 (s, NH, D2O exchangeable), 
9.05 (s, OH, D2O exchangeable), 7.78-7.74 (m, Ar-2H), 7.53­
7.42 (m, Ar-3H). 13C NMR (DMSO-d6): 8 126.8, 128.3, 
131.1, 136.6, 164.2. Anal. Calcd for C7H7NO2: C, 61.31; H, 
5.14; N, 10.21. Found: C, 61.25; H, 5.34; N, 10.48. Elution 
solvent for the column = ethyl acetate : n-hexane (1 : 1, v/v); 
Rf = 0.1 (ethyl acetate : n-hexane = 1 : 1, v/v).

X-Ray Data for 3l: A colorless needle crystal of 
C23H24N2O4S having approximate dimensions of 0.40 x 0.08 
x 0.04 mm was mounted in a loop. All measurements were 
made on a Rigaku RAXIS RAPID imaging plate area 
detector with graphite monochromated Mo-Ka radiation. 
Indexing was performed from 3 oscillations that were 
exposed for 18 seconds. The crystal-to-detector distance was 
127.40 mm. Cell constants and an orientation matrix for data 
collection corresponded to a primitive monoclinic cell with 
dimensions: a = 14.04(1) A, b = 5.259(5) A, b = 96.99(4)。, c 
=28.41(3) A, V = 2080(3) A3. For Z = 4 and F.W. = 424.51, 
the calculated density is 1.35 g/cm3. Based on the systematic 
absences of: 0k0: k 士 2n packing considerations, a statistical 
analysis of intensity distribution, and the successful solution 
and refinement of the structure, the space group was 
determined to be: P21 (#4).

The data were collected at a temperature of -180 士 1 oC to 
a maximum 20 value of 59.9o. A total of 107 oscillation 
images were collected. A sweep of data was done using a) 
scans from 130.0 to 190.0o in 2.0o step, at % = 45.0o and 0 = 
270.0o. The exposure rate was 180.0 [sec./°]. A second 
sweep was performed using w scans from 0.0 to 154.0o in 
2.0o step, at % = 45.0o and 0 = 90.0o. The exposure rate was 
180.0 [sec./°]. The crystal-to-detector distance was 127.40 
mm. Readout was performed in the 0.100 mm pixel mode.

Data Reduction; Of the 23317 reflections that were 
collected, 9994 were unique (Rint = 0.042); equivalent 
reflections were merged. The linear absorption coefficient, 
仏 for Mo-Ka radiation is 1.9 cm-1. An empirical absorption 
correction was applied which resulted in transmission 
factors ranging from 0.856 to 0.993. The data were corrected 
for Lorentz and polarization effects.

Structure Solution and Refinement; The structure was 
solved by direct methods14 and expanded using Fourier 
techniques15. The non-hydrogen atoms were refined aniso­
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tropically. Hydrogen atoms were refined using the riding 
model. The final cycle of full-matrix least-squares refine­
ment* * * 16 on F2 was based on 9994 observed reflections and 
590 variable parameters and converged (largest parameter 
shift was 0.00 times its esd) with unweighted and weighted 
agreement factors of: R1 = X ||Fo|-|F에/S|Fo| = 0.036; wR2 = 
[X(w (Fo2-Fc2)2)/Sw(Fo2)2]1/2 = 0.067.
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