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Abstract 

A series of dimeric N-isopropylhydroxamic acids, separated 

by (CH2 )n units (n = 4, 6, 8 and 10), have been synthesized 

from the acid chlorides and N-isopropylhydroxylamine. The 

structure of the adipoyl derivative (n = 4) has been deter-

mined from single-crystal x~raydiffraction data collected by 

counter methods. In contrast to all previous hydroxamic acids 

that have been structurally characterized, the planar hydrox

amate groups are trans, with C(O)-Nand c=o distances similar 

to those found in amides. Strong intermolecular hydrogen 

bonds between the hydroxyl and carbonyl groups hold the 

molecules in pleated planes perpendicular to the b-axis and 

compensate for the loss of the intramolecular hydrogen bond of 

the cis conformation. The intermolecular hydrogen bonds appear to 

be stronger than the intramolecular hydrogen bonds of the cis 

conformation, but the latter are entropically favored in 

solution. The molecules are located on a center of inversion 

in the space group Pbca with a = 9.3859(3), b = 18.7156(2) 

and c = 8.4180(2) A. Full-matrix least-squares refinement on 

1217 independent data WithF02 > 30(F02) and all atoms 

(including hydrogen) anisotropic ied to an R factor of 

·3.8 percent. 
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Introduction 

As part of the development of actinide-specific chelating 

agents,1 a series of dimeric N-isopropylhydrox~mic acids, 

which are connected by even-numbered carbon chains of four to 

ten, have peen synthesized from the acid chlorides and N-

isopropylhydroxylamine. Unsubstituteddimeric hydroxamic acids 

separated by up to eight ,carbon atoms previously have been 

prepared from the esters and basic hydroxylamine. 2- 4 Acid 

chlorides are more reactive but require aN-substituted 

hydroxylamine to prevent the formation of cyclic N-diacyl-

hydroxylamines. A series of dimeric N-phenylhydroxamic acids 

has been prepared fro~ the acid chlorides,S but the N-phenyl 

group may impart undesirable redox properties to the ligand 

as observed in the oxidation of U(IV) to the uranyl ion by 

N-phenylbenzohydroxamic acid. 6 

Because of the anomalously high melting point and extremely 

low carbonyl stretching frequency, the structure of N,N'

diisopropyladipohydroxamic'acid, compound ~, was of interest 

to us. Although no other structures ofN-substituted hydroxamic 

acids are know, the planar trans conformation of the hydroxamic 

acid group found in.t is seen only in N-hydroxyurea,7 whose 

geometry is influenced by hydrogen bonding of the amino group. 

The structures of aceto~,8 benzo-9 and salicylo_lO hydroxamic 

acids and the IR spectrum of formohydroxamic acid
ll 

show a 

planar cis conformation. This conformation is retained in 

the structures determined for a series of four O-benzoyl

benzohydroxamic acids. 12 Thus all solid-state structures of 
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hydroxamic acids are cis, although the trans isomer is expec

ted to be the more stable in the absence of intrarno1cll1ar 

hydrogen bonding. In fact, reports of such isomerization 

[
R2-9 ?H 

have appeared fo·r the related hydroximic acids R
1

-C==N , 

13 141. 
for R1 = R2 = CH 3 and R1 = Ph, R2 = Et J' where no lntra-

molecular hydrogen bonding is possible. With the expectation 

that perhaps the anomalous properties of compound 1 could 
'v 

be explained by such isomerization, the structure analysis 

reported here was begun. 

Experimental 

Infrared spectra were obtained on a Perkin-Elmer 283 

I or a Beckman IR-9 spectrophotometer. H-NMR spectra were 

recorded on a Varian EM 390 spectrophotometer. Melting 

points were determined in open capillaries with a Buchi 

apparatus and are uncorrected. Microanalyses were performed 

by the Analytical Services, Chemistry Department, University 

of California, Berkeley. 

The dicarboxylic acids, which were used as obtained, 

were converted into their acid chlorides/by refluxing thionyl 

chloride followed by fractional vacuum distillation. N-iso-

propylhydroxylamine was prepared by the reduction of 

2~nitropropane with zinc dust. IS 

., 
( '-. 
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N,N'-Dihydroxy-N,N'-diisopropy1hexanediamide, (:iv). A 

suspension of 0.22 mol of isopropylhydroxy1amine and 0.3 mol 

of NaHC03 in 250 m1 ether and 25 m1 of water was cooled to 

O°C and 0.1 mol of adipoylch1oride, diluted with an equal 

volume of ether, was added dropwise with stirring. After 

stirring overnight, the reaction mixture was filtered and the 

precipitate was crystallized from methanol. The resulting 

solid was washed with 25 ml of 0.01 M HC1.fol1owed by 3 x 

25 ml of water. These washings exhibited a positive FeC1 3 

test indicating the presence of the monohydroxamic acid, 

probably formed by the hydrolysis of an eight-membered cyclic 

N,O-diacy1hydroxylamine (see Ref. 2). compound~. was 

obtained as a white powder after recrystallization from 

methanol. 

Anal. Ca1cd for C12H24N204: C,55.36; H, 9.29: N, 10.76 

Found: C, 55.26; H, 9.21; N, 10.67 

N,N'-Dihydroxy-N,N'-diisopropy1octane-, -decane- and 

-dodecanediamide, (l -·4,). Using the above procedure, 

these compounds were obtained as white plates after 

recrystallizing the first precipitate twice from methanol. 

Anal. Ca1cd for C14H28N204: C, 58.31; H, 9.79: N, 9.71. 

Found:C, 58.35: H, 9.78; N, 9.68. 

Anal. Calcd for C16H32N204: C, 60.73; H, 10.19: N, 8.85. 

Found: C, 63.02: H, 9.98: N, 8.B3. 

Anal. Cal cd for C1BH36N204: C, 62.76: H, 10.53; N, B.13. 

Found: C, 63.02: H, 10.17: N, B.08. 



The yields and physiocochemical properties of the above 

hydroxamic acids are summarized in Table I. 

X-ray Diffraction Studies. Colorless rhombic needles 

of N,N'-diisopropyladipohydroxamic acid, ~, were obtained 

by the slow evaporation of a methanol solution. A piece of 

crystal of dimensions 0.18 x 0.23 x 0.48 mm was cleaved from 

a long needle using a scalpel and was sealed in a thin-

walled glass capillary. Precession photographs and diffrac-

tion data showed orthorhombic symmetry and the following 

systematic absences: Ok~, k f 2ni hO~, ~ f 2ni hkO, h f 2ni 

6 

consistent with the space group Pbca. Graphite-monochromatized 

Cu Ka radiation was used for the precise measurement of the 

cell constants and for data collection on a Nonius CAD-4 

automated four-circle diffractometer. 16 Cell parameters 

obtained by a least-squares fit to the measured coordinates 

of 23 reflections ranging in 28 from 58 to 96° are listed in 

Table II. 

The ~ntensities of two equivalent forms, h, k, ±£, of 

all reflections with 28 S 150 0 were measured using a 8 - 28 

scan and processed as previously described. 17 ,18 An absorp-

t ' , 19 ' f 1 12 t 1 25 f' lon correctlon gave a maxlmum range 0 • 0,.., 'or 

the correction factor and so was not applied. Equivalent 

forms were averaged and, to avoid overweighting the strong 

reflections, a parameter p equal to 0.02 (theR factor for 

, 2) . d d "1 d 'b d 20 averaglng F was lntro uce as prevlous y escrl e . 

. 
" \" 
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Structure Determination and Refinement. Phases were 

determined by MULTAN2l using the 80 largest E values. All 

nonhydrogen atoms were located from the E-map with the 

highest figure of merit among the eight phase sets generated 

by three special reflections. After least-squares refinement 

of these atoms, the hydrogen atoms were found in a difference 

Fourier. 

Final full-matrix" least-squares refinement22 on 1217 

reflections with F 2 > 3cr(F 2) and 191 variables led to o 0 

convergence with R = 0.038, Rw = 0.049 and an error in an 

observation of unit weight of 2.48. 23 All atoms were given 

anisotropic temperature factors and scattering factors for 

the neutral 'atoms. 24 Th 1 t 1 f t' ' e unusua crys a per ec 10n gave 

rise to severe secondary extinction, and a correction was 

I 'd' 25 app 1e . A final difference Fourier showed maximum residual 

0-3 ' 
peaks of ± 0.13 eA. Refinement using isotropic hydrogen 

temperature factors led to convergence with R = 0.044, 

R = 0.061 and an error in an observation of unit weight 
w 

of 2.96; justifying the use of anisotropic hydrogen 

26 temperature factors at the 99.9% level. 

Description of the Structure 

The unusual trans conformation bf th~ hydroxamic acid 

group is shown in Figure l~ The carbon, nitrogen and oxygen 

atoms of the hydroxamic acid group have an average deviation 

o , 
of 0.014 A from the1r least-squares plane. The O-H bond 



and C5-C6 vector of the isopropyl group are almost perpen

dicular to this plane. The substituent carbons, C2 and C4, 
o 

are located 0.1 and 0.2 A from opposite sides of the plane. 

Since the molecule is situated on a crystallographic inversion 

center, the carbon chain connecting the hydroxamic acid groups 

is planar. This plane forms a dihedral angle of 70.3(2)° 

with the hydroxamic acid plane. 

Bond lengths and angles are shown in Figure 2. The 

N-C(=O), C=Oand C-C(=O) bond lengths are in good agreement 

with those found in amides [1.333(5), 1.235(5) and 1.506(5) 

A]27 and in acetohydroxamic acid [1.321(6), 1.234(6) and 

1. 498 (6) A]. 8 The N-C (=0) bond is slightly shorter, and the 

c=o distance is longer, in arylhydroxamic acids,9,lO possibly 

asa result of conjugation. The N-O bond length, 1.396(2) 

A, is identical to that found in N-hydroxyurea 7 and aceto

hydroxamic acid. 8 The C-C bonds in the carbon chain are 

shorter than normal, [1.537(5) A],27 but are similar to those 

found in the carbon chains of the aliphatic diacids 28 and 

thel.·r d' 'd ,29,30 l.aml. es. Although the N-C4 bond is shorter 

than 
o 27. 

normally found in amines, [1.472(5) A], l.t agrees 

with the C-N distance of 1.457(2) A found in [16]aneN 4 • 31 

Because of thermal motion the isopropyl C-C bond lengths 

are shortened. Assuming that the methyl carbons ride on 

the methylidyne carbon, corrected bond distances 32 of 
o 

1.537(2) and 1.535(2) A are obtained. 



9 

As is normally observed in x-ray diffraction studies, 

the average 33 C-H distance of 0.99(5} A is shorter than that 

found by neutron diffraction34 due to the polarization of 

electron density of the H atom toward the C-H bond. However, 

the O-H distance of 0.93(3} K is in good agreement with the 

neutron diffraction values of 0.95(2} 1\ found in hydroxylamine 

hydrochloride and 0.94 (3) A found in pentaerythritol. 34 This' 

may be a result of a strong hydrogen bond which prevents the 

polarization of charge toward the oxygen. The average 33 

H-C-H and C-C-H angles of 109(2)° and 109(3}O are as expected 

for tetrahedral carbon atoms. 

As seen in Figure 3, each molecule of ~ is hydrogen 

bonded to four others forming pleated planes perpendicular 

to the b axis. The short intermolecular 01 - 02 distance 

of 2.6l7(2} K and the nearly linear 01-H-02 angle of l75(2}O, 

indicates a strong hydrogen bond. 34 This is manifested by 

the high melting point and low carbonyl stretch of ~ as com

pared to the other members of the series. In addition to a 

band at 3130 cm-I , compound.t, also exhibits several hydroxyl 

-1 bands between 2500 and 2900 em , which are characteristics 

of strongly hydrogen bonded carboxylic acids,35 and which 

are not found in the IR spectra of its congeners. 

Discussion 

The planarity of the hydroxamic acid group and its bond 

lengths indicate partial N-C(O} double bond character as 
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found in amides. The existence of stable conformations of 

the hydroxamic acid group and hindered rotation abo~t the 

N-C(O) bond is supported by the 15(1) kcal mol- l barrier to 

rotation measured in N,O-diacetylmethylhydroxylamine by Nt1R. 36 

This barrier to rotation could be increased by hydrogen bonding 

of the hydroxyl group in hydroxamic acids. That the carbc.myl 

stretching frequencies of ~ _ ~ are 30 cm- l higher than 

that found in ~ indicate that ~ ~ assume the cis conformq-

t ' 11 f d f h d ' , d . th 1 ' d t,8-1 0 10n norma y oun or y roxamlC aCl s ln e so 1 sate. 

As a result of steric interactions, the cis-conformation form'S 

weaker intermolecular hydrogen bonds thus exhibiting a 

higher carbonyl stretching frequency than found in the trans 

conformation. 

As seen in Table I, the carbonyl stretching frequencies' 

shift to higher frequencies upon dissolution of the hydroxamic 

acids in methanol. The identicalmethanolic frequencies 

show that ~ - ~ exhibit the same structure in solution. 

The carbonyl shift of 53 cm- l seen for I-is more than double 
'\J 

the shift seen for its congeners, which are similar to thOSE, 

reported to occur between the solid state and carbon tetra

chloride solution for several other hydroxamic acids. 37 

With the exception of ~, all known solid-state structures 

f h d ' 'd h '1 f t' 8-10 o y roxamlC aCl s s ow a C1S-P anar con orma lon, 

supporting the assigned cis conformation for 2 - 4. 
'\J 'U 

In 

all cases, the hydroxamic acid groups·are'intermolecularly 

hydrogen-bonded in the solid state. 8- 10 Upon dissolution, 
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weaker intramolecular hydrogen-bonds (which are entropically 

favored over the dimeric or polymeric intermolecularly 

bonded species) or hydrogen-bonds to solvent molecules would 

account for the increased carbonyl stretching frequency. 

Stong evidence for the intramolecular hydrogen-bond, which 

requires a cis conformation, has been presented by the 

additional 44 cm- l increase of the carbonyl stretching 

frequency upon methylation of the hydroxyl group.37 The cis 

conformation is also supported by dipole measurements of 

benzene and dioxane solutions of hydroxamic acids. 38 

In summary, with the exception of ~, the cis conforma

tion is retained in the solid state. 8- lO The stabilization 

of the trans conformer of ~ in the solid state is ascribed 

to the very strong intermolecular hydrogen bonding present 

in this particular structure - which also gives rise to the 

unusually ideal crystallographic properties of the compound. 

The infrared spectra of these compounds are a reliable 

diagnostic test of their conformation. 
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Table 1. Synthesis and characterization of aliphatic dimeric N-isopropylhydroxamic acids. 

o 0 OH 
II II I 

CIC(CH2)nCCl + 2(CH3)ZCHNH 
NallC0

3 ooc-
OHO QOH 
I II II I 

(CH 3) 2CHN - C( CH2) n C-NCH(CH 3) 2 

-1 IR, cm IH NMR (d6-Me
2

CO-Me
4
Si) 0, ppm (J, Hz) 

n Mw Mp, °c KBr pellet MeOH soln (C1I
3
) 2C:::::; 12H -(CH )-

2 n-2 ~(0)Ql2-' 4H ?CH, 2H 

OH C=O C=O doublet multiplet triplet septet 

4 260.3 162-3 3130b 1570 1623 1. 07 (7) 1.50, 411 2.35 (7) 4.58(7) 

6 288.4 135.;.6 3160 1600 1622 1.07(7) 1.44, 8H 2.30(7) 4.49(7) 

8 316.4 137-8 3165 1600 1621 1.08(7) 1.40, 12H 2.31(7) 4.54(7) 

10 344.5 138-9 3165 1600 1622 1.05(7) 1. 36, 16H 2.30(7) 4.48(7) 

a . 
Concentration dependent, disappears with 020. / 

b ~ Several bands between 2500-2900 cm • 

." r ,< 

.~. 1, 

• 

o 

-{)H,a 2H 

singlet 

9.53 

9.10 

9.10 

9.10 

:c.c 

% Yield 

52 

43 

74 

76 

...... 
-....J 



Table II. Crystal data for N,N'-dihydroxy-N,Ni-diisopropyl~ 

hexanediamide 

Molecular formula 

Molecular weight 

Space group 

Ceil constantsa 

a 

b 

c 

Volume 

Formula units/cell 

Calculated density 

Observed densityb 

Linear absorption coefficient, ).1. 
CuK a 

C12H24N204 

260.33 

Pbca (D I5 ) \ 211 

9.3859(3) 

18.7156(5) 

8.4180(2) 

147~.73(7) 

4 

0 

A 

A 

it 
03 
A 

1.169 g -3 cm 

-3 1.16 g cm 

6.85 "'"1 cm 

a 23 . 8 ± .soC; CUKal radiation, A = 

bMeasured by flotation in CC1
4
-pentane. 

o· 
1. 540562 A •. 

18 



Atl\tTl 

c, 

°0 
:\ 

(1 

c, 

C
J 

C 
~ 

c 
~ 

C6 

HOI '0" 

HV 

Hll> 

n2~\ 

H.,· ... 
_u 

H 

" "5,;. 

h"" )8 

Ii", . . ,,-

Ht):' 

H6B 

liAC 

(""'" 

L 

:..; 

.9100(1) 

.2163(1) 

.,0277(1) 

.0185(2) 

.0685(3) 

.1089 (.l) 

.0655(2) 

.9416(3) 

.1236(3) 

.837(3) 

.093(3) 

.931(3) 

.00 4 (3) 

.i68(4) 

.140(2) 

.901(3) 

.9 109(1) 

.3Sl(3) 

.204 (3) 

.152 (2.' 

.045(::':) 

\, 
./ 

Tdble III. Positic)naJ and ani.socropic therm'll. param'~ters.J (x 10
3

) for compound ), .. 

z 

.91720(6) .9564(1) 
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Figure Captions 

Figure 1. Stereopair of N,N'-diisopropyladipohydroxamic acid 

with nonhydrogen thermal ellipsoids at the 30% 

probability level. 

It 

Figure 2. Bond lengths and angles in N,N'-diisopropyladipo-

hydroxamic acid. Unless specified in parentheses, 
o 

esd's are,O.002A and 0.2°. 

Figure 3. Packing diagram of N,N'-diisopropyladipohydroxamic 

acid viewed down the a axis with the b axis 

vertical. The O-H hydrogen atom ellipsoid is 

solid black to distinguish it from the other atoms. 
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the University of California, the Lawrence Berkeley 
Laboratory or the Department of Energy. 

Reference to a company or product name does 
not imply approval or recommendation of the 
product by the University of California or the U.S. 
Department of Energy to "the exclusion of others that 
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