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2 of ! obxtmElold=sl ¥y 44 AdEATYAS FAsl] FLAZoTHE FRITFES o
2 drte)FEoles] AYeuFE B4 zasldel 97F E 299452 phenylphosphinate, aldehyde
“12]3 monoazacrown ether®] & WA whgelx YAFHE TaAUelE dAH2ZE sl AERsAA
T TEE PHY ol R £G4 AoFe AEEA 2 AF2ste] pHel wie} TR Fo T HE
SEREEFOE W7l g0l ABLUFE 5L 2AG AR o] AtEL Yo pH dddy 24
ol & R gviEoR FEade Flslion, pH 11l drlei Lo xe] T do] e Balx of 75% A
th o] AeAe olxlme}bgH 2o TE=v|d] =2 o]=s}ed, monoaza-15-crown-5 7NE zZte 4
AL A4, 2, o4& Na*>>K+*>Rb*>Li*>Cs* 4¢]® monoaza-18-crown-6 22717t 9de @7
A2, 3, o4 K*>>Rb*>Na*>Cs*>Lit o]9] 4202 vehge). ofabmzheold =2 Ay
AHEE $AG o)A Al Feheold 2284k w3 B} ye dde] pHel4 aste]atole
8 BulFEo] Thested, g Aol T4 FEAoME FYE HE o] FEolLREE el i)

Abstract : Azacrownoalkyl phenylphosphinic acids were synthesized and their competitive solvent extrac-
tion characteristics from water to chloroform layer were investigated. Phosphinic acids were synthesized in
good yields by one step reaction of phenylphosphinate, aldehyde, and monoazacrown ether and then basic
hydrolysis of the resulting phosphinate esters. These complexing agents revealed a wide effective pH range
In extraction of alkali metal ions from water to the organic phase and total metal ion loading at pH 11 was
about 75%. The selectivity of the cation extraction was determined mainly by the cavity size of the
azacrown ethers, showing Na*>>K*>Rb*>Li*>Cs* for the alkyl phenylphosphinic acid, 2, containing
monoaza-15-crown-5 and K*>>Rb*>Na*>Cs*>Li* for the alkyl phenylphosphinic acid, 3, containing
monoaza-18-crown-6 moiety. Applicable pH range of these azacrown ether phosphinic acids in solvent ex-
traction of alkali metal cations was wider than a crownether carboxylic acid with similar selectivity, showing
considerable amount of metal ion loading in slightly acidic or neutral media.
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2. 1. 7|7]

A AEFRDZEA L Perkin Elmer Model
467 Spectrophotometer® o]&3}e] AlA|s
E5e s (em™HE Basigy, #Ax)F
gy n o Bruker FT-NMR 80 % 2005 o]
£3ke] TMSel oh3r wlelgte s B3t
PaEHe 72 A[AEH (4L, E A
1108) el 9 438 = At

4o dvlelgEoelE FEx  Dionex
220-33081 oFolie#a viA=xE AE7|7}
225 Dionex Model 10 o]z 2rlE18]9]E
2g-ste] EAstgrh. £2]4(0.006M HCD) 9
22 1.53ml/ming FA5d. FEEXE
o o= #FAE3AL sx+= Perkin-Elmer
Lamda-5 UV-VIS #3FEA7|E o|&3td &
sl =8N pH &2 Fisher Accu-
met Model 620 pH meterel] Corning Combina-
tion X-E1 A3% Abgshel Zdstelch &)
24 $8lA= 25ml EH2v7je} Burrel
Wrist Action Shaker, Model 755 AF-83} %t}

ojy Jo

2. 2. Aok

Phenylphosphonous dichloride+= phosphorus
trichloride(Aldrich) 2 %8} &8 ¢J#[6] &
Asto] AR&-sfglom, tri- = tetraethylene
glycol di(toluene-p-sulfonate) = <re{z Wy
2 2[7] 443t A&t F3{E 12
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Bartsch 2§l &4% 714&(2], 29} 3& A
A7k gkl Abgshelth. MCBeld 7@
SEEZIZEL o] (demineralized water)
2 53] Ao outge AAL B2 THAF
o} 2 ¥he] A]eke Aldrich @ FlukaAloj4] &
Ak FYstel T2 Agaoch,

2. 3. OIXIZCFRMHI ZZ AL AL BHY

Octyl  phenylphosphinate(4) : wh-g&-Ze}~ =
o phenylphosphonous dichloride(0.20 mol, 35.
79g)-$ ¥3l n-octyl alcohol(0.40mol, 52.09g)
= FVEHZIE F3ke] Akt o) uf B
2 AHE dskeas AR st
A47)1H%E <kstAl bubblingsh o}, ul
5 F Z45F39(165-6°C/2mmHg, &
14 b.p.[8]:155C/ImmHg) 75% (38.14g)
T5EZ YAHES Atk [R(neat) : 2360
(P-H), 1235(P=0). '"HNMR(CDCL) : 0.90(t,
3H),1.26-1.71(m, 12H), 4.07(t, 2H), 7.72(q,
5H), 8.96(s, 1H).

1-Aza-4, 7, 10, 13-tetraoxacyclopentadec-
ane(monoaza-15-crown-5, 5)[9] : Diethanol
amine(0.04mol, 4.2g) # sodium metal(0.12
mol, 2.76g)& t-butanol(333m]) Zoj4] me-
chanical stirrer & Wb} H ] 2827}, of7)
o dioxane(200ml)o] Q1 triethylene glycol
di(toluene-p-sulfonate) (0.04mol, 18.27g)e 3
AZbell A 40TolA AHskx 2 & 12470 &
ob wwkelgdct. whg FE F =AM W E
FEE o978l vl rotary evaporatorE
©]-8-(20C/15mmHg) st} Aol 4] Zux|R
k. SUE e EAd E(33ml)e slstx
hexaneo| o] & HE 2489 2244 A
78 H(66ml X2), ¢4 HN=< dichlorome-
thaneo 2 4W %3} 9t} (66ml X4). Dichlo-
romethaned$ Z'Al7] % n-hexaneol 4] 2
AAst] WAHE 4.03g(£5F:500%)¢ o
k. 'HNMR(CDCL) : 2.74(t, 4H), 3.02(s,
1H), 3. 43-3.83(m, 16H).

1-Aza-4, 7, 10, 13, 16-pentaoxacyclooctane
(monoaza-18-crown-6, 6)[9] : Diethanolami-
ne(0.04mol, 4.2g) 2} potassium metal(0.12mol,
4.7g)% t-butanol(333ml)e] =gl foloj di

g3st, A3 A 23, 1992
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oxane(200ml) el =o}gli tetraethylene glycol
ditosylate (0.04mol, 20.1g)& 335 5ol 2]9}
e wye 2 vhgAlA 4k 2YAHEL n-
hexaneell 4] ANZAAstG}. TE5& : 40.8% (4.
29g), m.p. : 49-51C, '"HNMR(CDCL) : 2.74(t,
4H), 3.02(s,1H), 3.43-3.83(m, 20H).
(Monoaza-15-crown-5)propyl phenylphosp-
hinic acid(2) : 25mle] ¥k-g-Zet~= o 16mmol
(3.50g) ®] monoaza-15-crown-52} octyl phe-
nylphosphinate(16 mmol, 4.06g)¢ Y7 £x &
90-95C 2 ##3}w 4] propionaldehyde(99.0
wt%, 1.23g)& A3}sldch b EFES 124]
bk AoiFe] vk A7) F AHE 2 8
Zekstell SAA go) S A Astodct. 2
Aolg g FERILE 50mlol Holw F2
A HE F (25ml X 2),MgSO, & Axstm =
Ak A o] vAg aRolg ey (al
umina : 350g, ethyl acetate/ethanol;20:1, v/
v, £% gelohez welstol oildel octyl
(monoaza-15-crown-5)propyl phenylphosphi-
nate(7)& 72.0%(5.91g) 9] 82 4} IR
(neat) : 1200(P=0), 1120(C-N), 1015(P-0O-
C). 'HNMR(CDCl,) : 0.93(t, 3H), 1.03(t, 3H),
1.90(t, 1H), 1.63(m, 2H), 1.7-2.4(m, 12H), 2.
79-3.68(m, 20H), 4.00(t, 2H), 7.50(q, 5H).
Anal. Cale. for CyH,O:NP - 3H,0 : C, 58.78;
H, 9.87; N, 2.54. Found : C, 58.53; H, 9.87 :
N, 2.46. o|2~®Hl2 9] 7leRal= 338 7(1.0
mmol)-& 50mle] ojek2-olA] 0.25g2] NaOHe}
124170 #5121 F AF2ol 4] A4 8}(6N HCL,
pH Dstod AAjstgict. &2 7hstslel] 217
a3, 30mle] & 71§k & CHCLE 2%, 7)
Z(MgS0,)3te] Q2 ol = ZntE ga}alyo
2] 3} (alumina, ethyl acetate/ethanol; 1
/Lov/v &3 gelol) SgE 25 89.0%(0.
34g) &2 <A} IR(neat) : 3377(0-H),
1200(P=0), 1120(C-N). '"HNMR(CDCl,) : 1.
03(t, 3H), 1.63(m, 2H), 1.90(t, 1H), 2.79-3.68
(m, 20H), 7.50(q, 5H).
(Monoaza-18-crown-6)methyl phenylphos-
phinic acid(3) : 25ml ®F-&Z2} A = o)) monoa-
za-18-crown-6(16 mmol, 4.21g) %} octyl phe-
nylphosphinate(16 mmol, 4.06g)-& Wi 90-9F



oAl et Lol 22 AT AL ol otilE] F

‘Coll 4] formaldehyde(37 wt%, 2.0g)E A7}3}
of HYT 79 FAHH FAA We AT
AgvtEggsyo 7 Ba)stedr]. Octyl
(monoaza-18-crown-6)methyl phenylphosphi-
nate, 8& oilld o 24 69.0%(5.84g)T&=2 <
oj&c}. [R(neat) : 1200(P=0), 1120(C-N),
1065(P-0-C). 'HNMR(CDCl,) : 0.87(t, 3H),
1.19-1.25(m, 12H), 1.65(s, 2H), 2.85-3.69(m,
24H), 4.04(t, 2H), 7.60(m, 5H). Anal. Calcd.
for Cy;H,ONP - 2H,0 : C, 58.99; H, 9.53; N,
2.54. Found : C, 58.79; H, 9.52; N, 2.56. A4
g a2 ded Wil i, £
3l 8 87.0%(0.35g) & oilg el T AFIA
3& 93t} [R(neat) : 3377(0-H), 1200(P=
0), 1120)C-N). 'HNMR(CDCI,) : 1.65(s, 2H),
2.85-3.69(m, 24H), 7.60(m, 5H).

2. 4. FYEuFE&AME

25ml EH#Hzd 7] 0.05Me] ZHE3AE =
o ER2IXIE 8 dmls} AHNA = (27
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Scheme 2] ¢o¥slgict. Aol AREE octyl
phenylphosphinate(4)+= phenylphosphonous
dichloride®l] n-octyl alcohole ®}F-$-A| A F=E5&
75%2 iglon], obxzebe oHlz 59} 68
Okahara W& o|&[9], AA& =719 55
o]&(Nat = K'")2 F3(template) o2 A}
23] tri & & tetraethylene glycol ditos-
vlate®} ethanolaminesg- 3 AR uwk-3-A]H
10-50% &2 A3k obxzie e E A4
2rxoxH=2 73 82 «dld=F& phosphite
diester W o] z}o}ulzm} uk-2- XA aminoalkyl-
phosphonate® A Asl= Fieldse] vyd-g [10]
T8 22 72 2 69% 9 & v&E ¥4
o (b4 1), AFE A28 Aad
Ast Bi3stAql v ('HNMR =& [R)o 2
3 72F g F ogbEo4 NaOHE 7}
FHAFHHFEE A7 2k 88% nubgA 2).
E Ao A48 olxlmEtZzaddAS X
g3l 7|el Al U 22 ool ¥4
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Competitive solvent extraction characteris-
tics of alkali metal ions with 2-(sym-
dibenzo-16-crown-5-oxy)hexanoic  acid
as a function of pH in the aqueous phase;
the concentration of the complexing agent
was 0.050M and the concentration of
metal ions was 0.25M.
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Fig. 2.

1
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Competitive solvent extraction charac-
teristics of alkali metal ions with
(monoaza-15-crown-5)methyl phenyl-
phosphinic acid as a function of pH in
the aqueous phase; the concentration
of the complexing agent was 0.050M
and the concentration of metal ions
was 0.25M.
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Fig. 3. Competitive solvent extraction charac-
teristics of alkali metal ions with
(monoaza-18-crown-6)propyl phenyl-
phosphinic acid as a function of pH in
the aqueous phase; the concentration
of the complexing agent was 0.050M
and the concentration of metal ions
was 0.25M.
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