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Synthesis of N-Arylhydroxamic Acids 
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The preparation and properties of seven new 
N-aryihydroxamlc acids have been described. They are 
characterized by their melting polnt, elemental analysis, 
and I R  and UV spectra. 

fntroductlon 

The hydroxamic acids are versatile complexing reagents and 
are used widely for the colorimetric determination of trace metals 
( 7 ,  2,  73, 74). They exhibit antitubercular agents and antifungal 
activity ( 10, 76). In connection with the previous communication 
(3, 4 ) ,  seven new hydroxamic acids have been synthesized for 
the purpose of obtaining better analytical properties. 

Experimental Section 

Infrared spectra were recorded in the 2-15-p region on a 
Perkin-Elmer Model 137 or 22 1 spectrophotometer equipped 
with sodium chloride optics and calibrated by standard methods. 
The hydroxamic acids were dried under vacuum over P,05 and 
examined as KBr pellets. 

The UV absorption spectra of hydroxamic acids in 95 % ethyl 
alcohol were recorded on a VSU2-P spectrophotometer in the 
200-350-nm region. 

AcM Chbrides. These were prepared by the action of thionyl 
chloride on the corresponding benzoic acids, refluxing the mixture 
for about 2-2.5 h. The solution was allowed to cool and excess 
thionyl chloride was distilled off. Finally the solutions were distilled 
under vacuum. The boiling points and yields of the acid chlorides 
thus produced were in agreement with literature ( 17). 

Hydroxylamines. The phenylhydroxylamine ( 73) and N- 
p-tolyl-, N-m-tolyl-, and N-p-chlorophenylhydroxylamines are 
prepared as described elsewhere (3, 4) .  

Preparation of N- Phenyl-p-ethoxybenzohydroxamlc Acid. 
A typical procedure for N-phenyl-pethoxybenzohydroxamic acid 
is described here. 

Into a 500-mL three-necked flask, equipped with a dropping 
funnel, stirrer, and thermometer, about 75 mL of diethyl ether, 
10.9 g (0.1 mol) of freshly crystallized phenylhydroxylamine, and 
a fine suspension of 15.9 g (0.15 mol) of sodium carbonate in 
25 mL of water were added. After the mixture was cooled to 
0 OC or lower, 15.7 g (0.09 mol) of p-ethoxybenzoyl chloride 
dissolved in 50 mL of diethyl ether was added dropwise over 
a period of about an hour. The temperature was maintained 

Table la 

at 0 O C  for an additional 30 min. Some of the product separated 
as a white solid while the ether layer was separated and the 
ether removed under vacuum. The light yellow residue was 
combined with the precipitated white solid, triturated for about 
15 min on a porcelain mortar with a saturated solution of sodium 
bicarbonate, filtered, and washed with cold water. The yield of 
air-dried product, mp 143 OC, was 70 YO. Two crystallizations 
from a mixture of benzene and petroleum ether (60-80 "C) gave 
a white product, mp 146 OC. 

Discussion 

The physical properties of N-arylhydroxamic acids are given 
in Table I. The ethoxy and chloro derivatives are a white 
crystalline solid while the iodo derivatives are light pink. They 
are sparingly soluble in water but soluble in benzene, ethyl 
alcohol, diethyl ether, and chloroform except N-p-chloro- 
phenyl-m-chlorobenzohydroxamic acid which is sparingly soluble 
in benzene. 

The infrared spectra of the synthesized hydroxamic acids were 
determined primarily for their characterization. In the infrared 
spectra only those bands which are associated with the hy- 
droxamic acid functional group (I) have been assigned. 

-N-OH 
I 

-c =o 
I 

In the hydroxamic acids examined here the band due to (0-H) 
stretching vibrations has been assigned in the region around 
3230 cm-' (Table I). It is known that the absorption band due 
to (0-H) stretching vibration, when free, appears around 3600 
cm-'; hydrogen bonding shifts these bands to lower frequencies 
(5, 6, 8 ,  9). Most of the changes in (0-H) stretching vibration 
are mainly due to the ability of acidic hydrogen of the hydroxyl 
group to form hydrogen bonds with the electron-rich atom. In 
the hydroxamic acids the lower shift of the (0-H) was due to 
the intramolecular hydrogen bonding of the type -OH-.C=O. 
The (C=O) and (N-0) bands are assigned at about 1620 and 
920 cm-', respectively. 

In the ultraviolet region there is a characteristic band at about 
250 nm which is assigned as benzene band I1 (7). This band 
is discriminated by its position and magnitude of intensity. In 
hydroxamic acids this band is assigned around 270 nm. The 
assignment of the band is supported by comparing the spectra 
of N-arylhydroxamic acid with structurally related compounds 
( 7 7 ,  75). 

IR spectra, cm-' Name of compd, 
benzohydroxamic acids Mol formula MP, "C %yield UO-H vc=o VN-O 

N-Phenyl-pethoxy- CI ,HI S O P  146 60 3226 1623 926 
N-m-Tolyl-p-e thoxy- '16 7 O3 98  IO 3226 1626 926 
N-p-Tolyl-p-ethoxy- C 1 6 H 1 7 0 3 N  167 60 3220 1626 930 
N-Phenyl-p-iodo- Cl,HlOO*NI 150 dec 6 2  3226 1626 905 
N-m-Tolyl-p-iodo- C14H1202N1 141 63 3225 1615 920 
N-p-Tolyl-p-iodo- '14 '2 N1 180 dec 64 3220 1620 9 20 
N-p-Chloro-m-chloro- C13H9 0 2  c12 218 72 3175 1626 926 

Elemental analyses (C, H, N), in agreement with theoretical values, were obtained and submitted for review. 
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W spectra 
A,,, nm 

272 
275 
258 
27 2 
272 
268 
21 2 
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Electron-Impact-Induced Fragmentation of N-(Triarylmethy1)- and 
N- (Triarylsilyl) triarylphosphinimines 
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Mass spectra of N-(triarylmethy1)- and 
N-( triarylsi1yl)triaryiphosphinimines are presented. The 
cleavage products of 
N-( triarylmethyl)triarylphosphinlmines are analogous to 
those of N-phenyltriphenylphosphinimine and derivatives 
previously reported. The relative intensities are 
considerably different. 

examine the mass spectra of the structurally related N-(tri- 
arylmethy1)triarylphosphinimines (V-VIII, Table I) and of N- 
(triarylsilyl)triarylphosphinimines (XIII-XVIII, Table 111) (3). The 
most interesting fragment ions, m / e  greater than 100, are 
summarized in Tables 1-111. 

Discussion 

In view of the recent interest in mass spectrometric behavior 
of N-phenyltriphenylphosphinimines (N-phenyliminotriphenyl- 
phosphoranes) ( 1) (I-IV, Table I), it was thought worthwhile to 

An interesting anomaly is observed in the spectra of com- 
pounds XI and XI1 (Table 11). No molecular ions are observed. 
The peaks at m l e  461, which correspond to the molecular ions 
of compounds IX and X, suggest that isomers XI and XI1 lose 

Table I. Main  Fragment Ions of N-Aryltriphenylphosphinimines (I -1V) and N~Triarylrnethy1)triphenylphosphinimies (V-VIII) 
[m/e  and Their Relative Intensities (%)I 

Compound X [MI' [M - Ph]+ (PPh3 1' [PPh,]' [PPh, -2Hl i  [Ph, - 2 H ] +  [PPhIt 

XC, H,N=P(Ph), 
I H 353 (100) 276 (9) 262 (15) 185 (14) 183 (52) 152 (12) 108 (13) 
I1 p-OCH, 383 (100) 306 (2) 262 (8) 185 (7) 183 (18) 152 (3) 108 (13) 
I11 P -F 371 (100) 294 (8.3) 262 (94) 185 (27) 183 (94) 152 (14) 108 (29) 
IV rn -F 371 (100) 294 (6.2) 262 (62) 185 (18) 183 (75) 152 (8) 108 (12) 

V H 519 (2) 442 (32) 262 (100) 185 (32) 183 (6) 152 (11) 108 (32) 
VI p-OCH, 549 (1) 472 ( 2 2 )  262 (100) 183 (50) 152 (10) 108 (25) 
VI1 P-F 537 (1) 460 (48) 262 (100) 183 (53) 152 (13) 108 (53) 
VI11 m-F 537 (3) 460 (40) 262 (100) 185 (13) 183 (80) 152 (3) 108 (50) 

XC,H,C(Ph) ,N=P(Ph) 

Table 11. Main  Fragment Ions of N-Aryl- and N-(Triarylmethyl)trisO,-methoxyphenyl)phosphinimines [rn/e as Their 
Relative Intensities (%)I 

[M - [M - HN=P(C,H,- P(C,H,- P(C,H,- P(C,H,- 
Compound X [MI' C(Ph),lt C,H,F]+ OCH,), OCH,), OCH,), OCH,) C,H,OCH, 

XC,H,N=P(C,H,-~-OCH,), 
IX rn-F 461 (100) 366 (61) 352 (85) 245 (61) 138 (61) 107 (2) 
X p-F 461 (80) 366 (100) 352 (60) 245 (100) 138 (40) 107 (10) 

XC,H,C(Ph),N=P(C,H,-p-OCH,), 
XI rn-F 461 (8) 367 (40) 352 (12) 245 (40) 138 (100) 107 (60) 
XI1 p-F 461 (16) 367 (100) 352 (42) 245 (72) 138 (8) 107 (2) 

0021-9568/78/1723-0260$01 .OO/O 0 1978 American Chemical Society 


