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syntheses of environmentally friendly amide derivatives for the
selective separation of actinides based on oxidation states



T4 TAA A

1

°
“

7A
g
=
Ty
e
fro
T
qr o=
ul
o
Mroox
e
o o
= z.#o
& W
iy o
oF wS
I
X =
By
o
W
T A
I Msm Tor {o = odr W
w o ot ® oo
) % W o~ M o o
~ ! .. .. ..
Eop e T o
ks ~ "
5 s 5L T
e = om oW
o " S Nk B



0

o
el

=K

Aapoll A B2 A9 ddes 5

—_
fite)

7ol

EERY

T
.

o hofA

‘%‘3

H}

Atk e

al

ol ol A

(=%
PN

wol] iy

F

t%%o]

ol

4

N

amide),
H A Y

(N,N-Tetraoctyldiglycol

9l

TODGA

(N,N-Dihexyloctaneamide),

DHOA

gl

%1-

=
=

D2EHBA (N,N-Di(2-ethyDhexylbutaneamide)

i)

e

7ol

wlr
=

N

H

iy

R

0 Octanoyl chloride®]

0 TODGA =
0 D2EHBA

7ol

4 (F5F 90%)

%‘l—

0 Octanoyl chloride

3 (F5E 92%)

g
0 Glycolic dichloride &4 (5% 100%)

0 DHOA (N,N-Dihexyloctaneamide)



0 TODGA (N,N-Tetraoctyldiglycolamide) ¥4 (5 & 88%)
0 Butyryl chloride ¥4 (5% 100%)

0 D2EHBA (N,N-Di(2-ethylhexylbutaneamide) 4 (F5& 72%)

o
.
2
X
1o
o

i
o
fu
N
ithy
X
ofo
o
do
&
r (o]



SUMMARY

I . Project Title
Syntheses of environmentally friendly amide derivatives for the selective

separation of actinides based on oxidation states

II. Objective and Importance of the Project
Mutual separation of actinide ions has been one of research targets in
developed foreign countries. As one of the separation methods, highly selective
organic extractors for actinide metals have been designed and synthesized.
However, the separation techniques including the synthesis of organic
extractors have never been investigated in Korea. Therefore, new extractant
capable of selective sensing actinide ions over rare earth metal ions are now
highly demanded. So, in this study, total synthesis of the amide derivatives,
DHOA (IN,N-Dihexyloctaneamide), TODGA (N,N-Tetraoctyldiglycol amide),
D2EHBA (N,N-Di(2-ethyDhexylbutaneamide), have been developed and the

desired final products were successfully synthesized.

IM. Scope and Contents of the Project
0 Literature survey of the synthetic methods for the amide derivatives and
analyses of the technical trends
0 Synthesis of octanoyl chloride (yield : 90%)
0 Synthesis of DHOA (IN,N-Dihexyloctaneamide) (yield : 92%)
0 Synthesis of glycolic dichloride (yield : 100%)
0 Synthesis of TODGA (IN,N-Tetraoctyldiglycolamide) (yield : 88%)
0 Synthesis of butyryl chloride (yield : 100%)
0 Synthesis of D2EHBA (NN, N-Di(2-ethyl)hexylbutaneamide) (yield : 72%)



IV. Results of the Project
0 Synthesis of octanoyl chloride (yield : 90%)
0 Synthesis of DHOA (N,N-dihexyloctaneamide) (yield : 92%)
0 Synthesis of TODGA (N,N-tetraoctyldiglycolamide) (yield : 83%)
0 Synthesis of D2EHBA (N,N-di(2-ethyl)hexylbutaneamide) (yield : 72%)

V. Plans for Application of the Research Results
0 To be applicable for development of synthetic route of amide derivatives in
organic synthesis
0 To be optimized in extractability and selectivity in actinide metal separation

0 Cooperation with industrial field to apply
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A 3 A L Q s
A4 A AN BFE DT D O]9 7] O] T s
Al 1 A EILEEA I coorrevsseeessssins s

A 2 A FFEEOFO] O] ]G] T crerrrreserssisnnssssnsssss s



46

- 47

L
il



o}

=l

o =
A

Minor

1

T

TE
= =
-:_TO]
= 1
= |

1
T

Eﬂy

ZS o m7717F 1003 o)) Ht) o]

A AR s

7HA

1

—_L

=

AL
IREEEREES

°

Al 2 5]

S

I3

iy

Al HE
71 4

7

Cmo=

-

T

I3

[e)

=

©
Am,

o] HFAH

oH
ol
3 & (Np,

Al

2 A

ol
¥ 7+-8-(volume reduction)

Ml el 7H
a- AL

E

D}

o}, o A

of 77|
=
Cs,

A 7]

o
& F(Tc,

Actinides(MAs) 2}

WAL

A
A

)

o

-

o}J

==
=

e AU EE HAHE
o A

ol
E AaA7IAY =l

=5

o), A A

=

[}

high-level

A

0]
AN -
o

R

)

Z

=
T

]_

]

¥ 7] & (HLW,
Fol A

Fol )71 3)
Holth, Tejue WALy v

o2

O]

°©

2] 3}

H
T

fud
)

u
MPAL
T

12

[e}
HH

LN

H

74
4

T
A %
=

=
=

= AA
2] (partitioning)
HLW

1

T

o
Ko7

tel 2BAHANA Fe

=)
[ I R RS B

23

oltt [2].

AnkA el Ao s

WAL HlY o2 HE o]
radioactive waste)?]

-

1

Mo
L

.F._H

Mo

Mo

e

Ho

i

Ho

, A i Al

o

(International

3l

RS

2

-

WAL o] 9

=R

ot

5
,10,

mel Wt

I



Commission on Radiation protection)®] H i 7] wWE MPC(maximum permissible
concentration) % ALI(annual limits on intake)ol W&} HE AalA, 53 Am, Cm 52
MAsE MPC 7] A2 WA H2d0] 1008hd o] A &HE R X Al Z7|zke] kg
= TA8H7] $ske &= Fel/A A st oF gkt

[e]
o
Am, Cm 55 Ad9dez Zestr] g & Wtez HT B2 F7] sttt Al #4 9

%,
2
o

Z2HE o]F& 3lgte 3 Rokxe F2 23 (Host-Guest Chemistry)ol] #3k A= 2 2 A
ATk [4]. oA Ax {7 FEAE oW o= ALty g Fo] FET 1y A
s AA F538H7] wtolth oldd d AAY RE HBES dEdo] Hold {7 FEA

o Jhtel Be =S kil vk 1 T A7 @89 JYgHn e Bokle dFEAR
DiamideE # =A% 3= DIAMEX(DIAMide EXtraction) 37, monoamide& ©]-&3% &4 1
g e FEAZ Zgzolue {fE=AE o]&3 CMPO(n-octylphenyl N N-diisobutyl
Carbamoyl Methyl Phosphine Oxide) &4 ¢l & <& o} [5]. o] CMPOE #H&ES I4

g F U= C=09 P=09 #8715 BF EFrstal o Al Exe] CMPOS tite] ¢Fol
I AdS @A o] AlzdleA F&o] tigk & &S 259 AUk A Eske
o w2 947 2HelA F&dd tig F5F &0 vl Fobxth o] A& diamide® F3 Aol
Ak g&olo] MR AAS §t7] wiolgtar Hista gty agA FEES £ Aoy
AL w27 U stol AA| §&Ado] wWol "ojxith

T3 oA = TODGA/n-dodecanes ©]-&3% An(Actinide)/Ln(Lanthanide)®] #2l& Al

Tk ovp ok [6-11] o] #8 FAAA ZAHE FEA Al 3FY PSR An/ln®] 4=Z
w8 2 AATE BrbsEA 2 F A, FEE BT 24 @ Aotk mapA AT
M A4 o] FAAAM A= Aor d#H R TODGA(N,N-Tetraoctyldiglycolamide)Z
A 3 B dHEs AA/Ast AL de 54 DHOAS AHA /et
A g F Aes: gte Aol HA ot ol FE&Y F
&t 22k AR H71Ee AZE =RE 9% slolth 1¥]3 Anl 47467 dEEElE Tt
53 4+ 9dA = BAMA(Branched-Alkyl Mono-Amide)e] 3+ =2 <¢ D2EHBA(N,N-Di

(2-ethyDhexylbutanamide) 9] 34 WHS 1F5E2 /Ndst= Aol
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D2EHBA
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AF7HA Aol s BARY #H Aoz R E WALY TS AEFor Fedte] A7 s
st @ Ay gits] Ao A gtk dF 5o 1950ddiFE PUREX(Plutonium
Uranium Recovery Extraction)s % o] 7|@= =4, ©o|= TBP(tri-n-butyl phosphate)& ©]-&
st $@tES AASY AT A7 A Put e UGS Aegdon wad & gk 1
#1} TBP7} Am®' o tldlA= oFet complexations a}7] wjEo] ofwa] o] tdt &<
Atk 183 Horwitz [12,13]% MAs$t S EF 45 FE387] 98 CMPOE A&

B Ag ez MAsY I EF a5s 29 etA Xeta

Dozol [14,15] malonic acid diamidesE 7] Etj
MAs$t 3 EF T2 FFF(co-extraction) S 3R T U2 FHOZ picolinamideE o] &
sto] Aded oz MAsS FE3= A5 oAtk ©] diamidee= M(NOssLn @Ej= 374<

7. o] RN T&Ho] W FE BES 159 947

il

MAs, S EF %3 complex
Lol AA oEst= o] B AV HHoA & Wik 5 T&ol ¢ Fopxinh oA
< diamides®] complex siteoll AP} T&Hol2o] A& FAS st wiLolgbal Halska 3l
o},

w3k oA sk TALSPEAK (Trivalent Actinide Lanthanide Separation by
Phosphorus reagent Extraction from Aqueous complexes) &A4S 5 = A=t o] FAA
= FEA24 DEHPA(di-2-ethylhexylphosphoric acid)E& A}&3te] fr7|Aog FE3a
DTPA (diethylene triaminepentaacetic acid)E Al-&3to] dF=3= FAH ot} [11.

24 elo] A 7iekel CTH(Chalmers university of TecHnology) & %42 DEHPAS} TBPE A}

§oho] YRS F& L AWS FE2H F opAM 2917 stolA DEHPAS] o8] ofulEw
VHEE FFEH 4US W (NH)DTPAE AHgstel antgozn oF&se P4olr)

[1].

A, H B2 771 gstte A B 2HE olF = g 3 Fofe F4 23
(Host-Guest Chemistry)oll @3 A= & dHA ot [16]. 1 F A57F &ds deg=a
N EOFOl A calixarene®] A 2 wE5 ] FEo] tigh A-oltt. Preorganization>
complexation®] TS AAA = T8 QAho|th o]gg o]fF=E complexation®] THol &
calixarene®| A 7% il Qo™ calixarene= MAs$t I EF a5& EEstes FE5A19 W
= o] &st7lel ofF A A arg] Aotk L wiEel 1992 o] Foll = 4719 CMPOE

a

o 2% ATAEL

o

Z3HeE calix[4]larene FEA19] Aol HiE AT [16]. Reinhoudt®t
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calix[4]arene®] 4702] upper rime|l CMPOE & 7715 HEA Y. 282X 7 d=2o CMPO
Hup wre F2g9o AyE KW Barboso®t 19 % AFAEL ypper rim©] oFyd lower

rime] CMPOE HZA|Zt}h o] calix[4]arene %A= FZA 24 Np', Pu’ 18] Am’ ol

fiu)
rob

o] ©x9 CMPOETY B F7HEAdts A3E R a3t upper rimol CMPO
A

A

o

52
L
-

q

mlm

A7 calix[4]arene FT=ART B 3FH FEE&S BAL, E3 2MEYH =
N FZ80] Zasx Stty Bustdo) [17,18].

w3l calix[6lareneS calix[4]arene Rt} 2 &L 7FA 3 9 7] wio] B2 =

rlo
i

off

X9

=

o
rlo

|

Ast7]el B duts Zlojth, 2y dEA o A5 QA= host2A calix[6larene

2 A F A AR wEo] EAE A skt oA calix[4lareneol] Bl st o} A

A Aol A Eabth [19-21]. 1997d Ludwiget 26 ATFAEL ©] calix[6larene®] lower

rimol] WOl R ofm|=7|e} FtE282A Aol 7|7} & p-tert-octylcalix[6]larenes A S
&

b, o] sgtEe 2

S o
= LY

s

lo

A 274 MAs(Am®)E % a&doz Red 4 91 Eu’'7t
Am” ' Bt 1 FZ S (SFame=108)S =7 ettt Bustgth 22 orjde dak %
7} pH=3.0 02 A §&2do] "olRrhe o] wxlow %A slr} [2223]

!

T g2 ey FH o 2= SANEX(Selctive ActiNde EXtraction) &7 o] ZIEE =4 9]
TAAA F7] FEAY FHE W otd ¥y o] TPTZ(Tri Pyridine TriaZine),
ADPTZ(Amino-DiPyridine-TriaZine), Tpy(Terpyridine), “L2]3 BTP(Bis-TriaZine Pyridien)
= Ao [24-29].
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|\
R|\ N/ l\R
Tpy _N No
R'
|\
R__N P R
BTP I\N : N'N\I
RN ‘N R

R = H, Me, Et, nPr, iPr, nBu, iBu
R’= H, iNonyl

SANEXE s4d= HdEs] HW 4 ofgff Z¥8A-H SANEX 1 FA4dul oAL
terpyridine ¥ 2-bromodecanoic acidg &&= AF&3stE BolH o= FF Al Al 3449 A
AL HALrE =Y F g o R o] decanoyl F#9 lipophilicityol] &3+ AHoleta & <
AATE SANEX 2 FAHdA = ADPTZE FEAZ AM&3ta & FE2A2 & 4elxl diamide

S A 34 AAAS} 2ol A= Aotk AAZA THE AEAA HdE FEA2 BTP #%

AE o]&3 SANEX 3 T4 TPHE 3|4 A=Z A83FH 2 A4 (separation factor)”} 131

o

TE VA E AdUds Hdoal i Eo] vk 18]al SANEX 4o A& 1Rl A HEnke)

Zo] phodponyl sulfideE ©] &3t F= FA ol

SANEX 1

Ii
Br

Terpyridine a- bromodecanoic acid

SANEX 2
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HN/C\R
N)\ H;C ? 9 CH
~ NN N 3(CHy), ‘ OH C4Hg~ Cl_l TC4H,
N '\h P CN CaHog
SANEX 3
| ~
N = N
r/'{ \N N NI K + TPH/2-ethyl-1hexanol
NT N7
SANEX 4
| I
—ClI
S\\ =
/P
H—S
—Cl
Ao ® H AR AFITFM ARTIST 342 Aeded 59 AHES  olgst

2L Figure 1 22 X
An/Ln®] 438 2YE& E7bssHA ota, F55 £
LA 4 g DHOAES H7betd ol & AA/&st A1F & i, sk A4k st
7beastAl & 5 Qlol, FEES A 23 A HrIEe AfEE =R ¢ A 2 4
T A 3HdstE il sk DHOA® & A Fof shve WA (RnhA
DHOAE #e°] ¥ oW TODGAE A3t A1A TODGA®] WALE &l (radiolysis) & A& = 2

g Aol

s
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T3 TRU w2 (TODGA-DHOAE A3t #A)e A g £°]7l+= BAMA &
Aol Adte] HQstd BAMAE Ystes ofE o8 7HX7F Ao ZE9Y #H7E
(high-level liquid waste)2 AP H%=7F 2-7 M 7hA] t}sHA 2 =H, MAS FEA2

=

\%
FET w= 24 s2E A4 (06M) YFolof 3y adre 25 A AAd g

4 #40] % Aauojof af EAldol Ak o] EAE 7 s Aol Wz BAMA ol

Ao st 2 AAA S T A2 S Jdua deA Ak 2HA B dFoaE
BAMAZ®] 3 &z D2EHBAEZ A 7fdrétar uk ofyel o)A e =55 =3t Al7]d
=
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M 3 & d7Md s 3 Zof

A1d A 3

B Aglo A ALg3 NMR spectrometer= 400 MHz(Bruker AF-400)2} 100MHzeo] ™, 3}3}t
A ol&(fi) tetramethylsilane (TMS)E W4 7IeEZZE sl HA2oA FAHYT IR
spectrometers= Bio—Rad FTS-155&% AF&3dlom 14 A 8¢ Z$ol+= KBr pellet 18]l oF
A A=A A Fol= KBr windows AFE3F T 5+=% -2 Fisher-Johns melting apparatus
wg o glol AREst AAaEAMe x|zt dA T Sl Vario EL-Elemental

Analyzerg AF&3Ilth FAB A#HEA 2H9ERLS S| zfsidd g e

JEOL-JMS-HX 110A/ 110A High Resolution Tandem Mass SpectrometryS AF-& 3} th.

2. A B
B Octanoyl acid (CH3(CH2)sCOOH)
FW = 144.21
bp = 237 T

mp = 15 to 17 C
density = 091 g/mL, 25 C
B Thionyl chloride (SOCl)

FW = 11897
bp =79 C
mp = -105 C

density = 1.631 g/mL, 25 C
EMDihexylamine ([CH3(CHz)sloNH)

FW = 185.35

bp = 192-195 C

density = 0.89 g/mL, 25 T
B Glycolic acid (HOCH:COOH)

FW = 76.07

mp = 75 to 80 C

,19,



W Oxalyl chloride (C2Cl:O2)

FW = 126.93

bp = 62-65 T

mp = -10 to -8 C

density = 1.5 g/mL, 20 C
B Dioctylamine (CH3(CH2);NH(CH);CHs)

FW = 241.46

bp = 297-298 T

mp = 13 to 16 C

density = 0.799 g/mL, 25 C
BMButanoic acid (CH3(CHz):COOH)

FW = 88.10
mp = 79 C
bp = 1635 C

EBis(2-ethylhexyl)amine ([CHs(CHz)sCH(CyHs)CHzloNH)

FW =241.46

bp = 1635 Td

density = 0.805 g/mL, 25 C
W&
Methylene chloride: 3A molecular sieveo] # 23k 4L o] Yol & & Al&3}t}
Ethyl ether: Methylene chlorides g#lst+ WHI 22 Wi o= A AT
Hexane: HEF| stF o] WX & St

g 999 AL A= X F AL Y7

o] Hhg2 Wnkgoln® WA AdS5FHE FHlslok sth 45T A Fol 22cmA Ee
aZ(E, fFEhdl, mE #HE & des 8719 18 B HA ¥ F, 25 179 EolY
the AdS&=woA 200g9 octanoic acidE ¥e ©&
methylene chloride® S0t Z8t2=29 12 7% AL F 459 7Fdo T A3
wykgitt SOCLE AW Y& 4 TEWgoz 13te ZFowuA ¥ 87t 7] o

of HH3s| =g Ho]Fojof st} o]w FA uwitol additional funnels AF-83Fo] 333

A



10gs ¥ 303 o A7 duAE & 5 ded, o uAs Ay 2y

=
oS IdEHFIIE FHAZIH &3 octanoyl chlorideE 4 4 th ol 558

'H NMR (CDCly): 3.01-281 ppm (t, 2 H, CH,CO), 181-159 ppm (m, 4 H,
C4H9C2H4CH2CO), 1.38-1.05 ppm (m, 6 H, CHgCgHﬁCgHﬁCO), 0.95-0.81 ppm (t, 3 H,
CH3CeH12CO). °C NMR (CDCls):173.6, 47.1, 32,5, 29.7, 289, 254, 23.1, 14.0 ppm.

1. DHOA (IN,N-Dihexyloctaneamide) ] g4

A A sloll A 2000mL-AH1 Sorte ZEfa= Yol A A8 150g9] octanoyl chlorides
Y gu2 A ethyl etherg ®WF % A&t} o] ®WES Hgh Wdnkgolm =2 additional funnel
S AFg3te] dihexylamine2 3] %713t} Dihexylamines 2204 A wtuA7p =&
< 7HA 2 ok a7 i FAE AAY E= additional funnelS AREShe] WHEE
= H7te717h e A @vh 2B R heat guns ©l-&3dto] molA Ajwe] FAE AL
additional funnel2 27} W% funnel ¢tollA 87 o H7brt Y&slx] o2 2 heat
guns AHESte] HoFHA A8 H7bstojof dtt. o] WhES WESEL=TL wWE Holo]A A
IAZ w= 1247 o)A

3

()

of

S ko7 AT ujE 34X AE AgA v HFo g ukeS

=

32 z g Al Aok dtl. DHOA (IV,N-dihexyloctaneamide) AtA|o] M7Z+-S & 7zt o g2
So] Ey Fole A vtuA AEES VA= 22490 AAH Holth &1 methylene chloride

St e EgE0] Hol=d o] A dihexylamine®} DHOAZ}F 43¢ 2

=
AL st A uAE o3t U hexaned T HZR7|E o] &3to] AxXAZITE oA
% dihexylamine®] 545 AF o] wraA] Aejol]7] wfifel A#HE oy W FE m o]
JE= A7F b 284 hexanes AFEA|ZI & DOHA (IN,N-dihexyloctaneamide) S Y
o] &% o] dol T A uAS dihexylamineo] A7 EAE FAletE Ao Et}h I
A Zdo] A7IH Tl ARAIAA AASE Hrh F5EE 92 %

'H NMR (CDCly): & 3.38-3.14 ppm (m, 4 H, OCNC.H,), 2.39-2.21 ppm (t, 2 H, CH-CO),
1.71-123 ppm (m, 26 H), 0.98-0.81 ppm (t, 9 H, CH.CHs). "C NMR (CDCly): 172.9, 47.8,
325, 32.2, 321, 295, 29.3, 274, 263, 23.1, 140 ppm. FAB MS m/z (m’): Caled, 311.50.
Found, 311.55
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t}. Glycolic dichloride ¢ &4
2 8l A 1000 mL-AF+ S oube Zek~A0] 100g2] glycolic acidE ¥ 1L ethyl ether
= Hk2 2o wgdkgo)l 22 198g oxalyl chlorides additional funnel® H7}stdA A dS5F

Foll A 12417 qt uRkektt, oA AHeie o] wkg A RE Rk AL Frolx X1

dof @l whgol Aol wek A4 mAZ FuEo] AA w1 & FobhA e A
9 Btk 1243 Fol §uE 29 ethyl cther® AFF A4 % Azr2 AANZ F 2

A A EAw P oM methylene chlorideE Y1l WHS £35S =20t} 2000 mlL-separate

funnele]l Y3 & 300 mLE Yt} Separate funnel2 5% A% &5 31 19 oxalyl chloride
7} B0 7 Wo] %7 wjFo] <43 glycolic dichloride’} 58 #7]1%& 94& & o}t =5

& 100 %.

2}. TODGA (N,N-tetraoctyldiglycolamide) 3§43
oF ©A o) 4] methylene chloride®] 2 glycolic dichloride®] 720g2] N,N- dioctylamine <

&= 100 mL&
]‘

dl
rlo

Yo Lo A wHksth 124]7F wwk & 2000mL-separate funnelol] % 2

< & At fUlsS WolA F4 A vfavEE 20gS Ba 20 T

gaFo ZuYr|E AXAsta AqHAAE HoAA dRe F A utadEs AEST
*=
O

Methylene chlorideE %13 3|12 S AX7|2 A AA 7]l F $ hexanes F o] 1247

b wdtekty Akt

A
[

b AAZE A A nAE FEHQ) TODGAE &5 T Utk &55: 8 %.

'H NMR (CDCly): & 392 ppm (s, 4 H, OCH»CO), 2.72-2.87 ppm (m, 8 H, NCH>),
1.89-1.13 ppm (m, 48 H), 0.98-0.81 ppm (t, 9 H, CH.CH3). "C NMR (CDCly): 172.9, 47.8,
32.5, 32.2, 32.1, 29.5, 29.3, 274, 26.3, 23.1, 14.0 ppm

v}, Butyryl chloride®] 4]

1000 mL-4F+ & ovtY Z2k2~ 39 butanoic acid 50gS ¥ 3L methylene chlorideE WF A

Rl

A&t o] w3k Wy wrgolmE additional funnel® oxalyl chlorides 3+ W4 #7}s)

|
(]
S
X

Butyryl chlorides 9=t} 4

vl D2EHBA (N, N-Di-2(ethyl)hexylbutaneamide) ¢ 4
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2000mL-AF7 T uler Z 8k~ =9 bis(2-ethylhexyl)amine®} triethylamine2

Ha 8ulQl acetones W AL A g-aL, AT WZ7E AXAS th oA TS butlyl

ro
v
ofo
i)
i
o|N
=2
>
N,

chlorides 19% Yil 40 °CollAl 4A]7F&<F ank =

acetones T Wil ThA] 3HH 1939 bis(2-ethylhexyDamineE 3] 7Fstr}, 2A17F & vF
o g2vtE gy (Thin Layer Chromatography)S ©]&3tal A& w24 ethyl acetate:
hexane =115 AF&3te] whg AR E gl Fo &ujE EF AAS T o9

[e)

triethylamineg #| 7 8}7] 9@l 4] methylene chlorideE separate funnel®Z &7t} & A3

u>i

Y 31 separate funnels % A A E£59 methylene chlorideg&vfol] 49 + triethylamine<

zZzog 2 =7 gt} TE Fo] 108 E¢F aE X3 . triethylamine©] FolE =
%3 D2EHBA7Z} o} Sl 7150 €438 #eH=s vt F715S AzrEebsaol wo}
A 10ge] T A mtadlas golA wRkgth ARA R o7 F A ntavles 7

i 5, SME AASHE d2 =T dqAVF AdEH 55 72 %.

i

it

'H NMR (CDCly): & 3.12 ppm (d, 4 H, OCH-NCO), 2.25 ppm (m, 2 H, COCH>),
1.89-1.40 ppm (m, 4 H, COCH.CH>CH3), 1.24 ppm (s, 16 H, CHCH-CH3, CHCH-CH-CH3),
0.98-0.75 ppm (m, 15 H, CH.CHs). "C NMR (CDCls): 172.9, 47.8, 32.5, 32.2, 32.1, 29.5, 27.4,
26.3, 23.1, 14.0 ppm
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A 24 Ay L oz

L o =EfEA AAA FENL

3t R34 ofn|= fx=A < DHOA (N,N-Dihexyloctaneamide), TODGA (N, N-Tetraoctyl
diglycolamide), D2EHBA (N,N-Di(2-ethyl) hexylbutaneamide) Al 7}#] &4 A3ttt 1
2 A= oF# Scheme 19l A+ A C (DHOA)S A7} Scheme 29 A& AAF F
(TODGA) ¢ AdES AFHde=z FIYstda, 23 d %= Scheme 39 = AAH I

(D2EHBA)S gHdstAtt. zhzhe] b AL 25 297 834l oa] o] Fol it

O O
M wa, Ps
CeH7~ “OH o> Gafti7 Ol
A B
O
)L CeH13
. . /
Dihexylamine ol £LH; N\
0°C c CeH13
DHOA

Scheme 1. Synthesis of DHOA (N,N-Dihexyloctaneamide) C
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O

@)
Oxalyl chloride
HO)K/ OQkOH o°c c|)K/OQkC|

D E
Glycolic acid
@ @)
/C8H17 C8H17\N)K/O\)J\N/CSH17
H—N | I
“CgHy7 CgH17 E CgH17
'
TODGA

(0] (0]
Oxayl chloride
:
C3H7 OH C3H7 Cl
(H)
Butanoic acid
(G)
C4H
\F/‘\ . 9] )
CyHs
C4Hg
CsH7 CyHs
C4Hg
D-2EHBA (1)

Scheme 3. Synthesis of D2EHBA (IN,N-Di(2-ethylhexyl)butaneamide) I
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2. Octanoyl chloride (B)¢] 34

<HbE2 1>

O SOCl, o)
/\/\/\)J\ Methylene chioride M
OH 0°C cl
A B
Mol. Wt.: 144.21 g/mol Mol. Wt.: 162.66 g/mol

= 29@A19] §A4 4ol 4 DHOA (N,N-Dihexyloctaneamide)S $H43h7] $&) w824 13}
=} %

e AP S AlE3}e] octanoyl chloride (B)S 95 & AJAT} o] stAlol 7Avsd HH&
work-up HAeA I AZwfETI A o3 AA WHE 2R Golk AHES TFoA A

S T AT FL2 FSEZ FE F AT FHES 5T TMS (tetramethylsilane) <
LHE‘ 7]% ==

Nuclear Magnetic Resonance Spectrum)< 743 23 Figure 29F #°] 3.01-2.81 ppm (t, 2

ke
=
F3 NMR €#2 CDCl 2 e W 4 dxrgy 2"d=d (H

1o}
)
utt
Olr

H, CH.CO), 1.81-159 ppm (m, 4 H, CHCoH/«CH.CO), 1.38-1.05 ppm (m, 6 H,
CH;C3HeCsHgCO), 0.95-0.81 ppm (t, 3 H, CH3CeHpCO)ONA 2+ 54 I=7t ##Ea
Figure 3 ¢ o] &4 #x7]ay 2~=EH(PC Nuclear Magnetic Resonance spectrum)®l 4]
1736, 47.1, 325, 29.7, 28.9, 254, 23.1, 14.0 ppm °lA 872 ©A43 A7} Fzge w2 Ust=

%é_} ] ‘SL/%]E]O%%Q. o} 2= 01041*4,.
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Figure 2. '"H NMR spectrum of octanoly chloride

,27,



c=0

180 160 140

120 100

PPM

80

60

40

Figure 3. BC NMR spectrum of octanoyl chloride.
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3. DHOA (N,N-Dihexyloctaneamide) (C)¢] $+Al

<k 2>
(0] Dihexylamine Q
M Dietyiether /\/\/\)J\
—_—_—
N
- Cl 0°C c
Mol. Wt.: 162.66 g/mol Mol. Wt.: 311.55 g/mol

DHOA (NN,N-Dihexyloctaneamide) (C)& &/d3t7] f1al A @A A A3 BH E2
S W82 29} 7ol dihexylamine¥} diethyl ethers AFE3}o] 92%9 F+5&Z 45 & A
At o] FAAE FS work-up HAHNA B AZntEIH I o3t FA WHES 2X] &
2 #AHE 7FAx2 Ak &A% DHOA (N,N-Dihexyloctaneamide) (C)-2
hexanel 2 ETES AAHoE AAT Fo TMS (tetramethylsilane) & W+ 7|+ &
A% s NMR &vl2 CDCh & 3td& o 54 dx713% =51=3 (H Nuclear
Magnetic Resonance Spectrum)< =4 3% 23} Figure 49 #°] 3.38-3.14 ppm (m, 4 H,
OCNC2Hy), 2.39-2.21 ppm (t, 2 H, CH2CO), 1.71-1.23 ppm (m, 26 H), 0.98-0.81 ppm (t,
9 H, CH:CHy)lX 7+ 54 927} #2591l Figure 58 o] &4 iArjgwy AdE
@ (°C Nuclear Magnetic Resonance spectrum)ellq 172.9, 47.8, 32.5, 32.2, 32.1, 29.5, 29.3,
274, 26.3, 231, 140 ppm® XA #RF] we} ddt= =do] FHAHITS ¢ T
UAT T AFAHEY (FAB MS)& 57483 2% Figure 63 #Z°] m/z (M+) 311.0=2
A AR 311559 A2 dAI8HSATE Figure 7 A Al DHOA Apzlojtt,
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Figure 4. "H NMR spectrum of DHOA.
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Figure 5. BC NMR spectrum of DHOA.
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Figure 6. Mass spectrum of DHOA.

&
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Figure 7. Picture of DHOA.

_33_



4. TODGA (N,N-Tetraoctyldiglycolamide) (F)¢] ¥4

o )
HOLO\)OJ\OH oxalyl chloride CI)K/O\)J\CI

CH,Cl, E

0°C
Mol. Wt.: 170.98 g/mol
Mol. Wt.: 134.09 g/mol

Dioctylamine
CH.Cl,
Room temp.

/\/\/\/\N)K/OQJ\N/\/\/\/\

W W

F

TODGA
Mol. Wt.: 580.97 g/mol

F WA olm= FxA el TODGA (N,N-Tetraoctyldiglycolamide) (F)¥ ®F$-2] 33} 7+o)
T oaAle] vbE A S AA AFHoeR FAAT F AdAnh A Al A glycolic acid (D)<k
oxalyl chlorideE A}&3}e] glycolic dichloride (E)E 41, & WA @A A dioctylamine
7} methylene chlorideE AF-&3to] TODGA (N,N- Tetraoctyldiglycolamide) (F)& 88%<% <=
2 F5EZ 45 F ddH A E TODGA (N,N-Tetraoctyldiglycolamide) (F)-> hexane 2
2 Aoz AAZ Fo] TMS (tetramethylsilane)S Wi 7|5 E2A=Z &1 NMR &=
CDCl3; & 3st3l< S AR ~HEH ('H Nuclear Magnetic Resonance Spectrum)
S =43 A3} Figure 8% #9o] 392 ppm (s, 4 H, OCH-CO), 2.72-2.87 ppm (m, 8 H,
NCH>), 1.89-1.13 ppm (m, 48 H), 0.98-0.81 ppm (t, 9 H, CH.CHy)lA 7+ 574 I =7} #&
¥, Figure 93 #o] ®Bx #xrlaw 2~9E” (C Nuclear Magnetic Resonance
spectrum)oll Al 172.9, 47.8, 32.5, 32.2, 32.1, 29.5, 29.3, 27.4, 26.3, 23.1, 14.0 ppm<&] {I XA &
o met dste Edo] FHHEASTE ¢ 5 AT Figure 102 TODGA &4 A A
Zlolt,
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Figure 8. 'H NMR spectrum of TODGA (F).
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Figure 9. ”C NMR spectrum of TODGA (F).
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Figure 10. Picture of TODGA (F).
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5. D2EHBA (N, N-Di(2-ethyl)hexylbutaneamide) (I) ¥4

02H5

o] o] o]
)L Oxayl chloride C4Hq
OH

—_— >

N
CsHy CaHy cl CoHs CsHy CaHs
(H)

Butanoic acid HN C4Hg
(©) C4H9L D2EHBA ()

D2EHBA (IN,N-Di(2-ethyDhexylbutaneamide) (I):= WH3-2] 43} o] F wA o ¥+g 34
S A AeHor g 4= gt A @AY A butanoic acid (G)9}F oxalyl chlorideE AF-&
o] FEA HE A, ¥ WA @Al A bis(2-ethylhexyl)amine®} acetone, 1] i1 7]
2 triethylamine2 AF&3Fe] D2EHBA (N,N-Di-2-ethylhexylbutaneamide) (D& 72%9% %
2 92 5 Ut A ® D2EHBA (N, N-Di(2-ethyl)hexylbutaneamide) (I)< methylene
chlorides Ag3lo] FZ3F Fo] TMS (tetramethylsilane) < Wi 7]F 22 312 NMR
g2 CDCl; = 39S v £ 27133 2FE=” ('H Nuclear Magnetic Resonance
Spectrum)< =A% A3} Figure 113 #o] 312 ppm (d, 4 H, OCH-NCO), 2.25 ppm (m, 2
H, COCH3»), 1.89-1.40 ppm (m, 4 H, COCH2:CH:CHs3), 124 ppm (s, 16 H, CHCH:CHs,
CHCH.CH-CH3), 0.98-0.75 ppm (m, 15 H, CH:CH3)oll A 7} 54 3 =7} #2= <031, Figure
129} Zo] g zr|Ew ~HEH (¥C Nuclear Magnetic Resonance spectrum)oll 4] 172.9,
4738, 325, 32.2, 32.1, 295, 29.3, 274, 26.3, 23.1, 14.0 ppme] ¢ Ao A #2131, Figure 139l
A ®BE ukel 7o) IR spectrumel Al 1680 cm 9] ofml=9] ehAe} ko] o]FAFe] ¥ Av}
dEH wet dste Edo] dAHNSTS & 7 AT H=I AFAHER (FAB MS)s =
As A3 Figure 149 7ol m/z (M+) 312024 AAkx] 311.319F A9 dxst¢t}. Figure
15%= D2EHBAS] A Apxleltt,
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Figure 11. 'H NMR spectrum of D2EHBA (D).
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Figure 12. BC NMR spectrum of D2EHBA (D).
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Figure 13. Infra-red spectrum of D2EHBA (D).
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Figure 14. Mass spectrum of D2ZEHBA (D).
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Figure 15. Picture of D2EHBA (D).
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Abstract

Syntheses of environmentally friendly amide derivatives for the selective separation of actinides
were studied. As for the ligand, we have synthesized TODGA (N,N-Tetraoctyldiglycolamide),
DHOA (N,N-Dihexyloctaneamide), and D2EHBA (N, N-Di(2-ethyDhexylbutanamide) in high yield.
The amide derivative was successfully prepared by chlorination followed by amination method in
a good synthetic yield. The structures of all synthetic precursors and final products were

confirmed by NMR, IR, and Mass spectrophotometer.
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