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NO,CgHMNHNH,, 100-16-3; HONH,-HCl, 5470-11-1; H,NC{O)NH,, 57-13-8;
H,NC(SINH,, 62-56-6; 2,4-dinltrophenylhydrazine, 119-26-8.
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Synthesis and Properties of Some N,N-Dialkylamides as New

Extractants

Hikmat N. Al-Jallo,* Anwar A. Hussain, Halfah B. Mansoor, Ausama A. Sameh, and Sinan K. Al-Saidl|

Department of Radiochemistry, N.R.C, Tuwaitha, Baghdad, Iraq

Forty-seven new N ,N-dialkylamides were prepared and
their physical and spectral data are tabulated. The
solubiiity of amides 1-47 in organic and aqueous solvents
was tested and the results showed that as the amides are
freely soluble In organic solvents they are nearly insoluble
In aqueous medium. The resuits of the thermal stabliity of
amides 1-47 at 80 °C, the chemical stablilty toward 3 M
nitric acid, and the radiolytic stabliity toward +-rays were
found to be encouraging. The solubllity and stabliity
resuits obtained are useful for the preliminary evaluation
of amides as new exiracting agents.

Recently a systematic investigation of a number of amides
and their applicdtion in nuclear processes was reported (7, 2).
Some of these amides were proposed as alternative extrac-
tants to tributyl phosphate (TBP) for separation of some actin-
ides from lanthanides (2). Moreover, it was reported that the
extraction properties of certain dialkylamides toward some
tetra- and hexavalent ions were greatly influenced by the
structure of amide (7, 3). The present work covers the prep-
aration and preliminary evaluation of different series of N,N-
dialkylamides (1-47) as new extracting agents (Table I).

In general, the amides were obtained as olly compounds with
good ylelds (62-98%), except for N,N-dicyclohexyl derivatles,
where the yieids ranged from 35 to 40% and the compounds
were sollds. The physical and spectral data are tabulated (Table
II).

Solublity Behaviors. With the exception of the N ,N-di-
cyciohexyl derivatives, the extent of the solubility of the amides
in n-dodecance, mesitylene, chloroform, and ethanol was found
to be more than 3 mol/L. On the other hand, the solubility in
water was generally less than 10-% g/L (Table III). From the
solubility behavior point of view, the above results are consid-
ered to be ericouraging.

Thermal, Chemical, and Radiolytic Stablilties. The results
indicated in Table III show that the amides 1-47 are consid-
ered to be thermally, chemically, and radiolytically stable enough
to be proposed as extracting agents for metal ions.. In general,
the above solubility and stability results are parallél to those
reported for TBP as well as for some other amides which were
recommended recently as good extractants for some actinide
elements (7, 2). In fact, these results fuifil some of the re-
quired features for good extractants (4). The results also re-

Table I. Preparation and Notation of N,N-Dialkylamides

RCOCI1 + HNR/, B4,
RCONR’; + Et;NHCI

amide R R’

1 CeHu (CHg)g n-Pr

2 CeHy,(CHy), n-Bu

3 CeH,,(CH,), sec-Bu

4 C¢H,1(CHp), CeHyy

5 CeHu(CHg)a n-Pr

6 CeH11(CHy), i-Pr

7 CsHu (CH2)3 n-Bu

8 CeHu(CHg)a i-Bu

9 CsHu(CHg)a sec-Bu
10 CsHu(CHg)s n-Hex
11 CeH11(CHo), CeHy
12 CngCHz n-Pr
13 C5HQCH2 n-Bu
14 C:H,CH, sec-Bu
15 CEHQCHZ CsHu
16 CuH21 Et
17 Cllel n-Pr
18 C 1 lH21 n-Bu
19 CuHa sec-Bu
20 ClgHza n-Bu
21 C,Hys sec-Bu
22 CHa(CH2)5 n-Bu
23 CHs(CHg)E i-Bu
24 CH,3(CH,); sec-Bu
25 CHs(CH2)5 n-Hex
26 (CH,);CCH, n-Bu
27 (CH,);CCH, sec-Bu
28 (CHa)aCCHz n-Hex
29 Ph(CHg)g n-Pr
30 Ph(CH2)2 n-Bu
31 Ph(CH,), sec-Bu
32 Ph(CH2)2 CeHu
33 Ph(CH,); n-Pr
34 Ph(CH2)3 n-Bu
35 Ph(CH,), sec-Bu
36 Ph(CH,); CeHy,
37 Ph(CH,), n-Pr
38 Ph(CH2)4 n-Bu
39 Ph(CH,), sec-Bu
40 Ph(CH,), CeHy,
41 EtCHPh n-Pr
42 EtCHPh n-Bu
43 EtCHPh sec-Bu
m EtCHPh CeHyy
45 MeCHPhCH, n-Pr
46 MeCHPhCH, n-Bu
47 MeCHPhCH, sec-Bu
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Table II. Physical and Spectral Data of N,N-Dialkylamides®

bp) °C/ p$b¢ yieldy IR (VC—O),C
amide mmHg np (T,°C) g/mL % cm™ NMR ¢ :
1 152/0.7 1.4746 (21) 0.810 61.7 1634 3.2 (t, 4 H, CH,NCH,), 2.18 (t, 2 H, COCH,), 1.98-0.87
‘ (m, 23 H, rest of protons)
2 138/0.1 1.4730 (20) 0.826 72.4 1636 3.2 (t, 4 H, CH;NCH,), 2.2 (t, 2 H, COCH,, 0.92 (d, 6 H, 2 CH,),
1.95-1.17 (m, 11 H, rest of protons)
3 142/0.3 1.4764 (20) 0.826 77.6 1632 3.63 (m, 1 H, NCH), 2.94 (m, 1 H, NCH), 2.2 (t, 2 H, COCH,),
) 2.02-0.34 (m, 29 H, rest of protons)
4  thick oil 1.4930 (25) 35 1636 3.8-0.7 (m, all protons)
5 145/0.1 1.4740 (20) 0.833 86.0 1835 3.2 (t, 4 H, CH,NCHy,), 2.16 (t, 2 H, COCH,), 1.98-0.88
) (m, 25 H, rest of protons)
6 124/0.01 1.4613 (24) 0.832 81.1 1640 3.7 (m, 2 H, CHNCH), 3.0-0.6 (m, 29 H, rest of protons)
7 143/0.04 1.4719 (23) 0.831 89.6 1640 3.2 (t, 4 H, CH,NCH,), 2.13 (t, 2 H, COCH,), 1.95-0.34
(m, 29 H, rest of protons)
8 137/0.01 1.4600 (24) 0.863 90.0 1642 3.13 (d, 4 H, CH,NCHj3), 2.18 (t, 2 H, COCH,), 2.0-0.5
(m, 29 H, rest of protons)
9 147/0.15 1.4743 (23) 0.826 83.0 1639 3.6 (m, 1 H, NCH), 2.94 (m, 1 H, NCH), 2.18 (t, 2 H, COCHy,),
1.98-0.35 (m, 31 H, rest of protons)
10 157/0.01 1.4603 (24) 0.840 92.0 1638 3.18 (t, 4 H, CH,NCH,), 2.15 (t, 2 H, COCH,), 1.28 (m, 37 H,
rest of protons)
11  mp 52-54 40.0 1630 3.9-0.5 (m, all protons)
(n-hexane)
12 101/0.07 1.4690 (22) 0.828 80.6 1631 3.2 (t, 4 H, CH,NCH,), 2.23 (d, 2 H, COCH,), 0.88 (t, 6 H, 2 CH,),
2.08-1.15 (m, 13 H, rest of protons)
13 116/0.08 1.4680 (22) 0.817 81.8 1630 3.23 (t, 4 H, CH,NCH,), 2.21 (d, 2 H, COCH,), 0.94 (d, 6 H, 2 CH,),
2.06-1.12 (m, 17 H, rest of protons)
14 116/0.2 1.4711 (22) 0.797 66.3 1628 3.65 (m, 1 H, NCH), 2.93 (m, 1 H, NCH), 2.23 (d, 2 H, COCH,), 1.23
(m, 25 H, rest of protons)
15 mp 65-67 40.0 1832 3.8-0.7 (m, all protons)
(n-héxane)
16  130/0.1 1.4885 (26) 0.835 90.13 1630 3.3 (t, 4 H, CH,NCH,, 2.57 (m, 1 H, COCH), 1.49 (s, 20 H,
cyclic protons); 1.10 (t, 6 H, 2 CHj)
17 140/0.08 1.4855 (26) 0.829 92.97 1629 3.20 (t, 4 H, CH,NCH,), 2.60 (m, 1 H, COCH), 1.46 (s, 20 H,
) cyclic protons); 4 H, 2 CH,), 0.90 (t, 6 H, 2 CHj)
18 150/0.15 1.4844 (24) 0917 9248 1630  3.20 (t, 4 H, CH,NCH,), 2.60 (m, 1 H, COCH), 1.46 (s, 20 H,
cyclic protons); 8 H, 4 CH,), 0.96 (t, 6 H, 2 CHj,)
19 140/0.1 1.4888 (26) 0.803 83.37 1630 2.60 (m, 2 H, CHNCH), 3.3-0.7 (m, 37 H, rest of protons)
20 155/0.09 1.4729 (23) 0.829 94.1 1635 3.23 (t, 4 H, CH,NCH,), 2.60 (m, 1 H, COCH), 1.40 (s, 22 H,
cyclic protons); 8 H, 4 CH,), 0.95 (t, 6 H, 2 CH,)
21 145/0.04 waxy 73.13 1630 2.8 (m,.1 H, NCH), 2.74 (m, 1 H, NCH; 1 H, COCH) 2-0.7
(m, 38 H, rest of protons)
22 112/0.1 1.4393 (25) 0.810 86.76 1640  3.20 (t, 4 H, CH,NCH,), 2.18 (t, 2 H, COCH,), 1.32 (s, 16 H,
» 8 CH,), 0.93 (d, 9 H, 2 CHy)
23 126/05 14381 (25) 0.811 7899 1649  3.3-2.87 (d, 4 H, CH,;NCH,), 2.24 (t, 2 H, COCH,), 0.94 (d, 15 H,
5 CH,), 2.0-1.1 (m, 8 H, 4 CH,; 2 H, 2 CH)
24 124/0.3 1.4426 (23) 97.60 1640 3.64 (m,1H, N_CH), 2.96 (m, 1 H, NCH), 2.18 (t, 2 H, COCH,), 1.30
. ) (d, 12 H, 6 CH,; 6 H, 2 CH,), 0.88 (d, 9 H, 3 CHy)
25 140/0.05 1.4431 (25) 0.819 87.60 1640 3.20 (t, 4 H, CH,NCH,), 2.18 (t, 2 H, COCH,), 1.30 (s, 24 H, 12 CH,)
26 120/0.2 1.4330 (28) 0.833 80.87 1632  3.23 (t, 4 H, CH;NCH,), 2.10 (s, 2 H, COCH,), 1.43 (m, 8 H, 4 CH,),
] 1.03 (s, 9 H, (CH;);C), 0.93 (s, 6 H, 2 CHy)
27 96/0.15 1.4371 (26) 0.805 66.37 1632 3.64 (m, 1 H, NCH), 3.0 (m, 1 H, NCH), 2.10 (s, 2 H, COCH,),
1.8-0.7 (m, 25 H, rest of protons)
28  135/0.25 14381 (27) 0.852 83.88 1638  3.20 (t, 4 H, CH,NCH,), 2.07 (s, 2 H, COCHy,), 1.32 (s, 16 H, 8 CH,),
1.02 (B, 9 H, (CHs)sC), 0.90 (S, 6 H, 2 CH3)
29 126/0.15 1.5080 (24) 0.905 87.00 1640 7.1 (s, 5 H, ArH), 3.4-2.27 (m, 4 H, CH,NCH,; 4 H, COCH,CH,)
30 135/0.08 1.5150 (25) 0.870 80.00 1835 7.1 (s, 5 H, ArH), 3.43-2.23 (m, 4 H, CH,NCHj;; 4 H, COCH,CH,),
1.8-1.1 (m, 8 H, 4 CH,), 0.90 (d, 6 H, 2 CHy)
31 128/0.08 1.5570 (25) 0.915 75.00 1630 7.1 (s, 5 H, ArH), 3.55-2.23 (m, 2 H, CHNCH; 4 H, COCH,CH,), 0.83 (t, 6
H, 2 CHy), 1.97-1.05 (m, 10 H, rest of protons)
32 mp 82-84 66.0 1635 7.1 (s, 5 H, ArH), 3.0-0.6 (m, 26 H, rest of protons)
(n-hexane)
33  129/0.2 1.4930 (25) 0.900 76.0 1625 7.1 (s, 5 H, ArH), 3.1 (q, 4 H, CH,NCH,), 2.6 (t, 2 H, COCH,), 0.83
' (t, 6 H, 2 CHjy), 2.35-1.08 (m, 8 H, rest of protons)
34 136/0.1 1.4990 (27) 0.910 66.0 1620 7.1 (s, 5 H, ArH), 3.13 (q, 4 H, CH,NCH,), 2.6 (t, 2 H, COCH,),
2.4-0.9 (m, 18 H, rest of protons)
35 136/0.15 1.5030 (25) 0.910 70.8 1640 7.1 (s, 5 H, ArH), 3.4 (m, 2 H, CHNCH), 2.7 (t, 2 H, COCH,), 2.4-1.0
(m, 20 H, rest of protons)
36 183/0.15 1.5280 (31) 0.940 71.5 1640 7.1 (s, 5 H, ArH), 3.2 (m, 2 H, CHNCH), 2.66 (t, 2 H, COCHy,), 2.34-0.6
(m, 24 H, rest of protons)
37 145/0.08 1.5030 (27) 0.810 86.1 1640 7.1 (s, 5 H, ArH), 3.13 (t, 4 H, CH,NCH,), 2.6 (t, 2 H, COCH,), 2.17
(t, 2 H, PhCH,, 1.60 (m, 8 H; 4 CHy), 0.83 (t, 6 H, 2 CH,)
38 158/0.1 1,6020 (21) 0.780 85.0 1630 7.1 (s, 5 H, ArH), 3.16 (m, 4 H, CH,NCH,), 2.6 (t, 2 H, COCH,), 2.16
(t, 2 H, PhCH,), 1.93-1.1 (m, 12 H, 6 CH,), 0.93 (d, 6 H, 2 CH,)
39 150/0.07 1.5019 (27) 0.890 65.3 1640 7.1 (s, 5 H, ArH), 3.5 (m, 1 H, NCH), 2.92 (m, 1 H, NCH), 2.58 (t, 2 H,
COCH,, 2.17 (t, 2 H, PhCH,), 1.9-0.6 (m, 20 H, rest of protons)
40 184/0.06 1.5028 (26) 0.760 73.5 1643 7.1 (s, 5 H, ArH), 3.28 (m, 2 H, CHNCH), 2.6 (t, 2 H, COCH,), 2.17

(t, 2 H, PhCHy), 1.6 (m, 24 H, rest of protons)
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bp’ oC/ p,b yield, IR (VC—O))C
amide mmHg np (T,°C) g/mL % cm!
41 112/0.08 1.5079 (25) 0.810 61.5 1640
42 129/0.1 1.4961 (29) 0.840 86.4 1620
43 118/0.08 1.5062 (29) 0.840 63.5 1640
44 mp 90-91 88.0 1615
(n-hexane)
46 153/0.2 1.4933 (26) 0.810 90.05 1635
46 148/0.16 1.4873 (26) 0.840 91.10 1633
47 134/0.12 1.4920 (26) 0910 94.24 1625

7.2 (s, 5 H, ArH), 3.2 (m, 4 H, CH,NCH,; 1 H, COCH), 2.54-0.38

- (m, 15 H, rest of protons)

7.16 (s, 5 H, ArH), 3.16 (m, 4 H, CH,NCH,; 1 H, COCH), 2.46-0.46
(m, 19 H, rest of protons)

7.16 (s, 5 H, ArH), 4.13-3.17 (m, 2 H, CHNCH), 2.77 (m, 1 H, COCH),

2.46-0.13 (m, 21 H, rest of protons)
7.23 (s, 5 H, ArH), 3.47 (t, 2 H, CHNCH), 2.7 (m, 1 H, COCH)

7.14 (s, 5 H, ArH), 3.7-2.7 (m, 4 H, CH,NCH,; 1 H, PhCH), 2.44 (d, 2 H,

COCHy,), 1.43 (m, 4 H, 2 CH,; 3 H, PhCCHy,), 0.8 (t, 6 H, 2 CH,)

7.18 (s, 5 H, ArH), 3.5-2.7 (m, 4 H, CH,NCH,; 1 H, PhCH), 24 (d, 2 H,

COCH,), 1.4 (d, 8 H, 4 CH,; 3 H, PhCCHy), 0.88 (d, 6 H, 2 CHj)

7.16 (s, 5 H, ArH), 4.0-2.67 (m, 2 H, CHNCH; 1 H, PhCH), 2.45 (d, 2 H,

COCHj,), 1.24-1.6 (m, 3 H, PhCCHy), 1.33 (d, 4 H, 2 CH,; 6 H, 2
CH,), 0.87 (t, 6 H, 2 CHy)

¢ Elemental analyses for C, H, and N in agreement with theoretical values were obtained and submitted for review. ®Density. °Liquid

film, ¢In CCl,.

Table III. Properties of N,N-Dialkylamides (1-47)
property

solubility in organic solvents >3 mol/L

solubility in aqueous phase = <10~% g/L

density in mesitylene 0.76-0.94 g/mL

thermal stability No sign of degradation was
observed when the amide
was left at 80 °C for 2 days.

No sign of degradation was
observed after contacting
equal volumes of 1 M
amide in mesitylene with
3 M HNO; for 1 month.

In most cases less than 5%
and 10% degradations were
observed at 15 and 30 Mrd,
respectively.

result

chemical stability

radiolytic stability

vealed that the solubility and stability factors are independent
of the structure of amides.

The main advantages of this class of extractants are their
easy preparation as well as the fact that their degradation
products, if any, are easlly washed and do not interfere during
the extraction process of metal ions (3). In fact, one of the
main disadvantages of N ,N-dlalkylamides Is their tendency to
form a third phase during the extraction process of uranium
from nitric acld medium. This behavior is highly dependent on
the structure of the dialkylamides (7, 3) and it is, In fact, our
curent scope of interest.

Experimental Section

Infrared spectra were recorded on an IR 10 Beckman in-
frared spectrophotometer and 'H NMR spectra with a Varlan
T 60 A spectrometer using Me,Si as internal standard. C, H,
N elementary analyses were obtained by using a 185 HP ana-
lyzer.

Preparation of N N-Dialkylamides. The amides 1-47 were
prepared and purified by redistillation under vacuum following
the general reported procedure (5). The physical and spectral
data. are tabulated (Table II).

Determination of Amides. The concentrations of N ,N-di-
alkylamides were determined by potentiometric titration with
perchioric acld in acetic anhydride (6). A metrohm E 526
potentiography connected to a dosimat piston buret E 535 with
a swingout magnetic stirrer E 549 was used. A metal electrode
EA.2A filled with LiCIO, (0.1 M) as a sait bridge was used for
the end-point titration.

Solubliity Méasurements. The extent of amide solubility in
organic solvents was carried out by dissolving an excess of
each amide in the approprlate solvents (n-dodecane, mesityl-
ene, chloroform, ethanol); the concentrations of the sqlutions
were determined by potentiometric measurements (Table I1I).
The solubllitles of the amides in aqueous phase were checked
by GLC technique.. The densitles of the amides were also
determined and tabulated (Table II).

Thermal Stability. The thermal stabilities of the amides
(1-47) was carried out by leaving a known weight of each
amide in a thermostated bath at 80 °C. The concentrations of
the amides were foliowed as a function of time over a period
of 2 days (Table III).

Chemical Stabilily. The chemical stabilities of the amides
(1-47) toward nitric acid were carried out by contacting their
mesitylene solutions (1 M) with nitric acid (3 M) in a thermo-
stated shaking bath set at 25 °C. The concentration of each
amide was followed as a function of time over a total period
of 1 month (Table III). ;

Radiolytic Stabiity. The effect of different y-dose (from
%Co cell) on a solution of amide in mesitylene (1 M), which was
equilibrated with nitric acid (3 M), was followed and the general
results are indicated in Table III.
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