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Ultraviolet absorption spectra of several hydroxamic acids and hydmxamic acid derivatives were determined and cor- 
related. An attempt has been made to describe the structure of benzohydroxamic acid anion on the basis of the spectral 
data. 

I n  connection with studies involving a series 
of p-substituted benzohydroxamic acids, i t  was 
deemed desirable to  obtain ultraviolet absorption 
spectra of these materials in acid and alkaline 
solution. The compounds studied, their absorption 
maxima (A) and their molar extinction coefficients 
(E) are given in Table I. The unexpected behavior 
of the anion with respect to its acid, prompted us 
to investigate the spectra of other hydroxamic 
acids. The data on the second group of acids are 
presented in Table 11. 

The similarity in the A, of acids I and IX, the 

latter of which can exist only in the keto form, and 
the dissimilarity between I and XIV, the latter of 
which can exist only in the enol form, suggests 
that benzohydroxamic acid (I) exists predominantly 
a t  the keto state (Fig. 1). Mathis came to  the 
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TABI;E I 
WAVE LENGTHS OF MAXIMUM ABSORPTION AND M o n a  EXTINCTION COEFFICIENTS FOR SERIES 

X ~ C O N H O H  
~ ~~~ ~~ 

Acid" Anionb 
Com- x m x  ~1m.x h m s x  
pound ( M d  Cmax ( M d  C l l M X  ( M d  *nUX 

I X=H 227 8,750 215 9,510 268 5,350 
I1 CHs 232 11,800 224 10,350 267 6,650 
I11 OCHj 253 18,250 236 10,600 264 9,460 
I v KH*C 220 8,260 272 12,350 
V c 1  237 13,800 227 11,600 272 6,150 

VIT CN 236 16,500 232 16,400 29 1 6,160 
VI F 230 8,530 219 8,390 265 5,600 

VI I I NO$ 268 11.180 

a Determined in 0.1N HCI. * Determined in 0.005N NaOH. Compound IV exists as NHI + e- CONHOH in acid 

solution. Decomposes in base. 

TABLE I1 
WAVE LENGTHS OF MAXIMUM ABSORFTION AND MOLAR EXTINCTION COEFFICIENTS 

OF SEVERAL HYDROXMC ACIDS AND DERIVATIMS 
Acid" Anionb 

Xm8X Xmsx 
Compound ( M d  ens€ ( M d  f m a  

I X  CsHbCONCH30H 228 10,Ooo 220 9,250 

XI CH&H=CH-CONHOH 211 13,000 263 7,200 

XITI CHr-(  CH=CH)*-COOH 256 25,200 254 25,100 
XIV CsHb(C=NOH)OC2Hi' 238 8,520 265 8,020 
XV p-CHsOC&CONCHsOII 248 11,600 235 10,600 

X CsHoCONHOCHJc 223 11,000 257 5,150 

SIT CI4-(C€I=CII),-CONHOH 262 29,m 255 20,000 

a Determined in 0.1N HCI. Determined in 0.005N NaOH. Determined in ethyl alcohol and a t  pH 13 in  water. Deter- 
mined a t  pH 6.7 and 13. The pK8 of SIV is ca. 11.  
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same conclusions through infrared analysis of 
various hydroxamic acids and oximes.' 

The absorption maxima of all the p-substituted 
benzohydroxamic acids shown in Table I (except p 
aminobenzhydroxamic acid cation) are displaced 
toward longer wave lengths with respect to benzo- 
hydroxamic acid. The shifts shown by compounds 
11, 111, IV, V, and VI11 are qualitatively similar 
to  those observed with p-substituted derivatives in 
the benzoic acid series.2 The p-fluoro group appears 
to exert a slight bathochromic shift. 

Benzohydroxamic acid anion and the anions of 
its p-substituted derivatives exhibit two absorp- 
tion maxima, one, bathochromic, the other, hypso- 
chromic to that of the corresponding hydroxamic 
acids. p-Aminobenzohydroxamic acid anion is an 
exception showing only a bathochromic shift. 

I n  contrast to the p-substituted benzohydrox- 
amic acid anions which give two absorption bands, 
the anions of N-methylbenzohydroxamic acid (IX), 
0-methylbenzohydroxamic acid (X) and ethyl- 
synbenzhydroximic acid (XIV) exhibit only one 
absorption band. The anion of N-methylbenzohy- 
droxamic acid is hypsochromic with respect to  its 
conjugate acid; 0-methylbenzohydroxamic acid 
anion, bathochromic to its conjugate acid. Tauto- 
merism is prohibited in IX and its anion leading to  
absorption behavior analogous to benzoic acid- 
benzoate ion while such is not the case with X. 
Ethylsynbenzhydroximic .acid anion is batho- 
chromic with respect to  its acid form. 

Benzohydroxamic acid anion is capable of exist- 
ing in several forms (Fig. 2). A, B, and C represent 
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various possible structures. If we assume that 
internally hydrogen bonded structures of B and C 
do not contribute appreciably to the excited state 
of the anion, then replacing a hydrogen in the 
hydroxamate group by an alkyl group in B and C 
should give spectra which are representative of B 
and C. Similarly, replacing the hydrogen on the 
nitrogen atom of structure A with a methyl group 
should give a spectral curve representative of A. 
Thus N-methylbenzohydroxamic acid anion should 

(1) M. F. Mathis, Conapt. r e d . ,  232, 505 (1951). 
(2) L. Doub and J. hl. Vandenbelt, J. Am. Chem. Soc., 

69, 2714 (1947). 

give an absorption curve typical of A, ethylsyn- 
benzhydroximic acid anion would represent B and 
0-methylbenzohydroxamic acid anion would be 
characteristic of C. 

Since the anions of these three compounds 
(IX, X, and XIV) all exhibit only one absorption 
band, while benxohydroxamic acid anion and its 
para- substituted derivatives exhibit two bands, i t  
seems plausible that benzohydroxamic acid anion 
contains contributions from at least two and 
possibly three forms, one of which is form A and the 
other is either form B or C or both. Thus, the 
bathochromic shift exhibited by benzohydroxamic 
acid anion is probably due to structures B or C or 
both, contributing to  the excited state of the 
molecule. The hypsochromic shift is probabIy due 
to the contribution of structure A.3 

It is interesting to note that the 268 mp absorp- 
tion band of benzohydroxamic acid anion is 
hardly affected by introduction into the para- 
position of a methyl, methoxyl, chloro, amino or 
fluoro group. It is likewise noteworthy that no 
reasonable resonance structures involving partici- 
pation of the benzene ring, the para- substituent 
and the hydroxamate group can be readily repre- 
sented for these substances. Introduction of the 
electron attracting cyano group in the para position 
readily displaces the 268 mp band to 291 mp 
as the possibilities for conjugation of this group 
with the benzene ring and the hydroximate group 
are now greatly enhanced (Fig. 3).  
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Figure 3 

Two olefinic hydroxamic acids, trans-crotonohy- 
droxamic acid (XI) and sorbohydroxamic acid 
(XII) were also studied. The anion of the former 
gave a bathochromic shift with respect to itR acid 
form. It is possible that crotonohydroxamic acid 
anion, has a band which is also hypsochromic, 
however if it does exist, this band would be ex- 
pected in the vacuum ultraviolet region. Sorbohy- 
droxamic acid anion was hypsochromic with respect 
to its conjugate acid. A broad shoulder appeared in 
the region of 277 mp to 293 mp which could well be 
the manifestation of a bathochromic band. The 
255 m p  band of this anion is not due to the forma- 
tion of sorbic acid anion which absorbs a t  254 mp. 
A colorimetric study of the hydrolysis of sorbo- 
hydroxamic acid indicated that this substance was 
stable in the pH range of 11 to 13.* 

(3) Through an infrared study of the potassium salt of 
benzohydroxamic acid, Mathis (ref. 1) concludes that the 
anion has the structure of A only. His conclusion is based 
upon the absence of a band indicative of the OH bond and, 
an absorption of the molecule at 3 . 0 ~ ~  which he attributes 
to tlhe NH bond. 

(4) Determined by the disappearance of sorbohydroxamic 
arid analyzed as its ferric chloride complex; S. Hestrin, 
J. Biol. Chem., 180, 249 (1949). 

0' 
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EXPERIMENTAL 

Compounds investigated. Most of the hydroxamic acids 
used in this study were prepared by procedures already 
described in the literature.5 

N-Methyl benzohydroxamic acid and its p-methoxy 
derivatives were prepared by the reaction of benzoyl and 
anisoyl chloride, respectively, with N-methylhydroxylamine. 
N-Methylbenzohydroxamic acid was a colorless liquid 
which boiled at 103-105" at 0.6 mm. 

Anal. Calcd. for CsHpNOz: C, 63.5; H, 5.95; N, 9.3. 
Found: C, 63.1; HI 6.1; N, 9.7. 

p-Mothoxy-N-methylbenzohydroxamic acid melted a t  
logo. 

(5) Benzohydroxamic acid-W. B. Renfrew and C. R. 
Hauser, J. Am. Chem. SOC., 59, 2312 (1957); p-substituted 
benzohydroxamic acids-B. E. Hackley, Jr., R. E. Plapinger, 
M. Stolberg, and T. Wagner-Jauregg, J. Am. Chem. SOC., 
77, 3651 (1955) ; ethylsynbenehydroximic acid-E. Eiseler, 
Ann., 175, 328 (1875) and 0. Gurke, Ann., 205, 285 (1905); 
sorbohydroxamic acid-G. M. Steinberg and J. Bolger, 
J. Org. Chem., 21, 660 (1956); and O-methylbenzohydrox- 
amic acid-W. Lossen, Ann., 281, 186 (1894). 

Anal. Calcd. for COHllN03: C, 59.7; 13, 6.1. Found: C, 
60.2; H, 6.2. 

trans-Crotonohydroxamic acid w a ~  synthesized from 
crotyl chloride and hydroxylamine and melted at  116". 

Anal. Calcd. for C4HTNO2: C, 47.5; 11, 6.9. Found: C, 
47.4; HI 6.9. 

Spectra. The ultraviolet absorption spectra were deter- 
mined by means of a Beckman Quartz DU Photoelectric 
spectrophotometer or a Cary Spectrophotometer. Solutions 
of the hydroxamic acids (ca. 5.8 x 10-6 molar) were made 
up in 0.1N hydrochloric acid and 0.005N sodium hydroxide 
except as noted in Tables I and 11. To minimize decomposi- 
tion of the hydroxamic acids, the solution was made alkaline 
just prior to use. 
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Thermal rearrangement of N-phenylbcnzimidoyl y-ethylally1 ether leads to the formation of N~thylvinvlcarbinyl 
benzanilide. Thus, migration of the yethylallyl group from the oxygen to nitrogen occurs with inversion. At somewhat 
higher temperatures this initial pyrolysis product rearranges to o-benzamido-y-ethylallylbenzene. This nitrogen to carbon 
migration also proceeds with inversion. 

Relatively few N-phenylbenzimidoyl allyl ethers 
have been rearranged. Mumm and Moller2 demon- 
strated that AT-phenylbenzimidoyl ymethylallyl 
ether (I) rearranges with inversion to produce N -  
a-methylallyl benzanilide (11). In  order to  obtain 

nitrogen occurred in the case of N-phenylbenzimi- 
doyl y,  y-dimethylallyl ether. Instead, the migrat- 
ing r,-pdimethylallyl group became attached to the 
aromatic nucleus without inversion, and the struc- 
tural change was represented as follows: 

I1 

further informiition concerning the similarity of 
this transformation and the Claisen rearrangement, 
Lauer and Lockwood3 studied the pyrolysis of 
N-phenylbenzimidoyl y, y-dimethylallyl ether, 111. 
X o  normal rearrangement product had been ob- 
tained in the case of the y,ydimethylallyl ether of 
ethyl p-hydro~ybenzoate~ and likewise, 110 shift 
of the 7,y-dimethylallyl group from oxygen to 

(1) From the Ph.D. Thesis of C. S. Benton submitted 
in August 1957. 

(2) 0. Mumm and F. Moller, Ber., 70, 2214 (1937). 
(3) W. M. Lauer and R. G. Lockwood, J. Am. Ckem. 

Soc., 76, 3974 (1954). 

280 (1943). 
(4) W. M. Lauer and 0. Moe, J. Am. Chem. Soc., 65, 

This process can be viewed as a cioihle iiivcrsioii; 
the first step involving migratioii from oxygcn to 
nitrogen and the second from nitrogen to c:u.hoii. 
A first step of this kind might be cxpected to be 
hindered by steric factors. No normal migration 
of the y,-y-dimethylallyl group with inversion 
occurs in the Claisen rearrangement and therefore 
by analogy such a step might be considered to be 
unlikely. A single six-membered cyclic transition 
state of type A, which would not require oxygcn to 
nitrogen migration with inversion, can be postu- 
lated. 


