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SYNTHETIC COMMUNICATIONS, 25(16), 2435-2442 (1995) 

PBEPABATION OF ZIRCONIUM (BENZYLDIETHYLAMMONIO- 
METHYLPHOSPHONATE CHLOBIDE) AND PTC REACTIONS 

Xiang-Kai Fu' and Shu-Ylng Wen 

Department J Chemi.hp. 8outhww-China Normal U n f d t y .  
Chongqing, Bichuan, People% Republic of China -6 

Abashact: Zirconium (~nsy ld le thy lammonlomethy l~~hona~  

chloride)phoaphate Zr(HPO&-x (O3CH8N+Etr CHrnph-Cl-)~:-HnO , 
(0.48 < s < 0.75 , ZBEPC-ZP) were prepared for the firat time and 
oharaoterid by IB andelemePtal analyser. ZBEPC-ZP c a t a l y d  rome 
typical PTC reactions in L/S/L pharer were carried out to give good 

reaulta. ZBEPC-ZP can be eaailj rreparated from the reaction mixture 
and recorered about 70-100 % , and can be reused and did not show 
any change in activity after 10 cycler. 

Polymer rupported phase tranrfer catalyrt aalled "tdphaae cata- 

IynW, which were uwcllly ahemfaally immobiliaad on a oroarlinked 
polyrtyrene, or dllar gel. b potantdally of wide rppliartian in 

nynthub. remaroh and atill being autjvdg developed h u o  the 
catalyatn are easily to be filtered out from the reaction mixture 
or can be r e u d  for many timer.I=l 

Soma insoluble acid maltr of phoapboric or phoaphonic ad& of 
teOravalent metala attch M Zr, Ti. Sn(IV) and Th et al, could be 
formed in a layered crystaHlne rtracturs, which oould present rite 
for anchoring active gmpm. In addition, they provided the organ0 

groupa on all of the apparent and interlamellar surfaces whether they 
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2436 FU AND WEN 

are oryrtallfne, semierystdUne or amorph~ur.~*~ They were potentially 

available as absorbents and adsorbents, ion exchangers, chaieting 

agent8 and catalyata. Beside& the matuial are chsmically and thum- 

ally &able and nontoxlc.lol We have reported the preparation of 
a-zirconium phomphate-ferric chloride complax and ik 

taacfi~nr, '~l  the sirconium aulphophenylphosphonrte catalyoed 

reaationr.K6l Both have fairly good aaidic catalytic activity, 

and eaa be recovered and reused. 

catalytic 

Here we report the preparation of a quite new triphare catalyst 
zirconium (benzyldlethylammoniomethylphorphonate chloride)-phosphate 

Zr(HPO~)a-x-(OsPCH=N+Et&Haph-Cl-)x-H,O. ( 0.26 < x < 0.76 

ZBEPC-ZP), in which the quarternary ammonium groups were fixed on 
Zr(HP0,)iH.O. The preparation procedure is outlined ar following: 

phCH,Cl 

EtsNCHnPO(0Et)r > phCH;EtsN+CHaPO(OEt)iCl- 
CH,CN, n f l u r  2 

t phCHiEtaN+CHsP(OEt)On + phCH~Et~N+CH~PO(OEt)(OCH,ph)-C1- 
i3 4 
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PREPARATION OF ZBEPC-ZP 2437 

Diethyl N,N-diethylaminomethylphosphonate 1 WM prepared by a 

It Is extremely atable, and procedure described in earier 
can't be hydrolyzed with concentratcd bydrochloride acid or sodlum 
hydroxide solution. The quarterntation of the tertiary amine in 

oompound 1 was sirnultaneousl~~ oarriod out with the tranaemtedfioa- 
tion of the phosphate, and a mixture consisting of quarternimd 

ammoniometylphosphonate 8, 4, 8 and quarternised ammoniometyl- 

phoaphonate betain 3 and 6 may be re~ulted.1~1 Hydrolyxing the 

mixture of 8,9, 4.6 and 0 with refluxing concentrated hydrochloride 

acid, a mixture of bensyldiethylammoniometylphoaphonic acid chloride 

7 and its betaine 8 may be obtained. 

The mixture of compounds 7 and 8 can be used directly to 
prepare the triphare aatalyst ZBEPC-ZP 8. 

ZBEPC-ZP 0 is a white powder sometimes with slight yellow color, 

ineoluble either in water or in organic solvents. ZBEPC-ZP catalyzed 

reaction8 such as preparation of thiocyanate, ether formation, ester 

from halide and carboxylate and addition of dichlorocarbene in LJSJL 

pbaaelr were carried out to give nice catalytic activity. The catalyst 

can be separated, recovered and reuned. 

EXPERIMENTAL 

IB spectra were recorded on a PK 00000 FTIB spectrometer for 

KBr tablets, 'H NMB were run on a Varian EM 980L spectrometer in 

D,O or CDCl,. Elemental analysea were performed by a PE 2400 

instrument, MS were obtained on a QP lOOOA MS-GC instrument. All 

the reagents were used as received from suppliers. 

1 Quarfernioation of 1. 
A mixture of 1 ( 0.0 mol, 44.6 g ) and benaylchloride ( O.8Smo1, 

31.7 g ) in40 ml CB,CN was reflxing with stirring for 5 dagn. After 

acetooitrile wae distilled out with reduced preaaure, a brown thickj  

residue was redissolved in 50 ml water, and was extracted with 30 ml 
ethyl acetate. Evaperation of the water under vacuum to gave 59.9 g 

products which were proved to be compound 9 with m a l l  amount of 

2 and S by the MS and 'HNMB, and not eaay to be aeparated. 
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2438 FU AND WEN 

Vmax: 3406, mu, i 6 ~ ,  1417, m 6 ,  lZZ8, 1081, 1010. B46, 7611, M7, 

617, 473 cm-l.$ H: 7.16 -7.6(m, SH ,A?), 4.4-4.6(m, Oa ,ArCHs),9.86 

4.%(m, OH ,O-CEs), &16-&4(d, 

1.16-1.4(t, BH , CH,), 1.06-1.S (t. SH ,CH,), ppm. 

,P-CHs), %.8&3.W(m, 4E ,N-CHs), 

M/Z: 3lid(M+ of 2). 347(M+ of 6). 346(M-l* of 5). 886(M+ Of S), 

@I(phCHS). W C A C H ) .  W t , N C ) s  n( Ca8) .  
2 Bydrolyzation of 3 . 
41.0 g compound 3 (not be purified) waa added 36 ml concentrated 

hydrochloride acid, heated to reflur for overnight. After adding 

10 mI o€ water, the mixture was extracted with 80 ml chloroform. 
Then, the water and hydroahloride in the aqueouo pham WM 

evaporated under vaouum to live 34.6 g brown thiak residue which 

WM compound 8, with mme 7 and water. The residue wan difficult 

to be lleparated or purified, becaure of eaay to be decomposed. 

Vmax: 3664. m78, 1661, 1634, 1610, 1460, 131, 1208. 

6 H: 7.15-7.51(m, 1H ,Ar), 4.4-4.7(m, ZH ,Ar-CH,), 8.0-S.sll 

(d, SH ,CHs-P), P.66-S.SS(rn, 4H ,N-CHs), O.S-l.l(m, 6H ,CH,) ppm. 

1161, 1084, DSZ, 897, 721, 686, 603, 461 cm-1. 

MIZ: 267(M+ of 8) .  258(M+1+ Of 6). 268(M-l+ Of S), 147(Et,NCPOs), 

lSS(Et,NCH,PO), M2(EtSJCHPO), 86(EtJWH), 72(EtmN), 91, DO and 
77 a11 above. 

9 Amorphous ZBEPC-ZP 8 .  

A rolution of 0.06 mol ZrOCls-8BsO(16.1 g) in 100 ml water waa 

heated to 60" c. Stirrihg WM commanced, and 10.1 g compound 8 (not 

be purified) in 100 ml water was added, and temperature was r a i d  
to reflux for overnight and the mlution wan then emcentrated to 

l e u  than 60 ml. Than, 100 ml of water and 0.07 mol NaEsPO. in 200 

ml water were added with stirring. Immediately, a white prdpitate 

was formed, and kept the temperature between 60" to 80" c for 6 to 12 

h. The slurry waa filtered and washed with water until the filtrate 

pH > 6. The nolid product was dried at  110" c to a conatant weight 

20.7 I. If Zr(1V) waa 100 % pricipitated, x=0.58. 

Z r ( H P O ~ ) I . 4 ~ ~ ( O ~ C B ~ + E t i C H , p h ~ C 1 - ) ~ . s ~  -HsOv 
C 10.51, H 2.83, N 1.70 Oh; found: C 10.66, H 2.86, N 1.66 7'. 

Vmax: W ,  2951, 1811, 1462, 1586, 1054, 771, 721, 694, 117, 467cm-*. 
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PREPARATION OF ZBEPC-ZP 2439 

Change the amount of compound 8 and NaHSO. uwd, different 
x arround 0.5 for ZBEPC-ZP were obtained. IB were aa u m e  u 

x = 0.M , and the elemental analyms were almoat conairtent 
with the weight of the products. 

4 PTC reactiona with ZBEPC-ZP 8. 
4.1 Thiocyanate from halide. 
0.1 mol EX , 60 ml toluene, 0.16 mol ESCN, 80 ml water and B.68 

ZBEPC-ZP were uaed for typical PTC maation procedure, workup and 
dbtillation to give the alkyl thhcyanate. 

4.4 Eater from bensylohloride and aarboryloter. 
0.1 mol benrglchloride, 50 ml toluene, 0.15 mol rodium or 

potasium carboxylate, 30 ml water and 9.0 g of ZBEPC-ZP were atirred 
and refluxed for 16-84h. general workup and distillation. 

Methyl ether and ethyl ether formation. 4.3 

Standard PTC reaction procedure was carried out with 0.1 mol 
alcohol, (10 ml of petroleum ether (bp. 80-90" c) 0 . t  mol NaOH, 10 ml 
H.0 and 1.1 g ZBEPC-ZP, 0.1s mol &methyl or dfethyl rulfate at 411" a. 

4.4 Preparation of phenol ether. 
0.1 mol phenol, 80 ml of toluene, 0.15 mol NaOH, 0.18 mol BnBr, 

10 mi water and 4.5 8 ZBEPC-ZP w e n  04 for normal PIC reaction 

procedure at  80" c. 
4.6 Addition of dichlorwcubene. 
0.1 mol styrene or cyclohexene, 60 ml chloroform, 0.S mol NaOH. 

15 mi water and 5.0 g ZBEPC-ZP were atirred and heated a t  50° c 
for 8 to 1Z h, normal workup and diatfllatfon. 

BEBULTB AND DIS8CUBSION 

The oonditions and yields of the PIC reaction with ZBEPC ZP 
were lieted in Table 1. 

1 ZBEPC-ZP gave well PTC activity for a11 the reaations in 
aection 4.1 - 4.5 of experimental part. If the apacer arm between N 
and P was lengthened with more CHI unlta, like polymer-bound PTC 
aatalyats, it would improve their PTC activity. *a 
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2440 FU AND WEN 

Table 1 Tripbane Catalytic Beadonr  With ZBEPC-ZP 

BuBr t KWN-- > BuSCN 86 6 81.8 

phCHsC1 t KSCN- > phCH.SCN 9% 6 90.1 

CHI=CHCH,CI t KSCN-- > CHI=CHCH.IJCN 40 I4 10.1 

phCHsC1 t AcOH ~ > AcOCHspb 88 15 1.h 

phCHsCl t AcONa - > AcOCHSpb 90 1 70.j. 

phCH.C1 t C.H.&OONa -- > C.H&OOCHsph 88 16 8l.la 
phCHsCl t phCOONa- > PhCOOCHsph 90 I4 n.6. 

phCH,OH t MersO.----- phCH,OHe 49 8 80.1 

phCHBCHsOH t Me&O.-- > phCHSCHIOMe U 8 81.8 

PhCHsOH t Et.80, _I > PhCHBOEt 46 10 18.5 
n-C.H,.OH t YeS0.- > n-C.H,.OYa 4s 10 82.6 

n-C.HI1OH + EtsSO, --> n-C8HIrOEt 45 10 88.4 

phOH t BuB-> phOBu 80 1s 8l.6 
p-CH,C.H.OH t BuBr --> p-CH,C.H.OBu 80 la 80.7 
p-CHsOCmH.OH t BuBr--> P-CH~OC~H.OBU 80 I t  78.8 

CIH.CH=CH~ t CHCI, t NaOH- > 

cyclohexene t CBCL t NaOH ___ > 
45 8 6a.t 

46 13 18.5 

a. About 5 - 10 X bensyl alcohol warn alm obtained. 
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PREPARATION OF ZBEPC-ZP 244 1 

4 Crtetalline layered zirconium phosphate contains on ita 

lamellar surface a hexagonal array of hydroryl groups spaced about 

0.65 nm apart. Thia lead to  an arear per site of 0.84 nm*, which is 
quite euitable ae a cross sectional limit for a fixed active 

organo groupe."L' Therefore, x should not beyond about 0.8 or so, 
otherwise too many organo groups would be crowded each other and 
hindered PTC reactions. Thia is aomething like crosr-linked poly- 

styrene supported quarternary ammmonium aalta, with the ring 

substitution increaeed from 20 % to  46-76 yo, the  PTC activity 

ahakply dropped. cxO1 

3 The catalyat can be earily recovered, just filtered out, washed 

with water. Usually for the thiocyanate reaction and the ester from 
halide which were in neutral medium, the catalyst can be recovered 

almost 100 Yo. For the ether formation which were not in very strong 

alkaline medium, the catalyst COP be got back 80-96 % ; and for the 

addition of dichlorocarbene which were in large ammount of caustic 

alkaline medium, the catalyet can be obtained back about 70-66 %. 
4 ZBEPC-ZP can be reused more than 10 times for almost all the 

reaction8 mentioned above and without lore of their activity. 
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