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Preparation and properties of Eu(hfa)3-L (Hhfa=hexafluoroacetylacetone, L=bis(2-methoxyethyl)ether, diglyme, 
and 2,2:6',2”・teipyridine, tpy), which are potential CVD precursors for europium, were investigated. The reac
tion of the Eu2O3 with Hhfa in the presence of tridentate neutral ligand yielded the nine-coordinated 
Eu(hfa)3 L. Eu(hfa)3 - diglyme is air- and moisture-stable and most importantly has good volatility and thermal 
stability. Eu(hfa)3-tpy shows no sublime intact. The complex Eu(hfa)3-diglyme has been characterized by an X- 
ray structure determination; monoclinic P2血，a=10.252(l), b=16.051(6), c=19.392(8) A, p=96.10(2)°, V= 
3173(2) A3. The europium atom in Eu(hfa)3-diglyme adopts a square-antiprismatic geometry with the ninth 
coordinating oxygen atom capping one of the square faces. All the sdducts have been characterized by IR 
TGA/DTA.

Introduction

There has been considerable interest in recent years in 
the development of new precursors for the chemical vapor 
deposition (CVD) of inorganic materials.1 In general, such 
precursors must be volatile, stable to transport to the de
position site, and decompose Meanly to give the desired 
material. MOCVD 이lows for the exact control of the film 
microstructure and stoichiometry which is essential for the 
manufacture of superconducting device오 with optimal and 
reproducible properties. The chemistry of rare-earth m허지 

fl-diketonates and alkoxides is in the progress of rapid de
velopment in the la마 5 years. The major foreseeable ap
plication of such precursors is in the synthesis of elec
troceramics, e.g. superconductors such as Pb2Sr2LnCu3O8.x,2 

LnBa2Cu3O7.x,3 and £32.^1^04,4 piezoelectrics such as 
LaCuO2,5 as phosphors,6 and NMR shift reagents,7 e.g. 
[{Eu(tmhd)3}2], and [{Pr(tmhd)3}2],(Htmhd=2,2,6,6- 
tetramethylheptane-3,5-dione). The coordination and the 
properties of the rare-earth metal compounds8 can be con
veniently modulated by a proper choice of the coordinated 
ligands (and of the oxidation number of the central metal) 
in order to obtain suitable volatility and stability to ox
ygen and moisture and a convenient pyrolytic decom
position mode to give the desired product. In this paper, 
preparation and properties of Eu(hfa)3-L (L=diglyme or 
tpy) are described. Volatility and stability of two com
pounds have been compared and the results are expected 
to envisage for the better CVD precursors of inorganic ma
terials.
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Experimental Section

General procedures. All manipulations were per
formed under an inert atmosphere using Schlenk techniques. 
All solvents were distilled by standard techniques. Eu
ropium oxide, Hhfa, and diglyme were purchased from Al
drich and used as received. Infrared spectra were recorded 
as KBr pellets on a Shimadzu FTIR-8501 model. TGA/ 
DTA analyses were carried out on a SETARAM TGA-92 
instrument, which simultaneously performs ther
mogravimetry (TGA) and differential thermal analysis 
(DTA). The weight of the samples was between 10 and 25 
mg. The measurements were performed in alumina cru
cibles under an atmosphere of flowing dry nitrogen, using 
heating rates of 5 °C/min from ambient temperature up to 
500 °C.

Preparation of Eu(hfa)3 * diglyme, 1. To a suspen
sion of Eu2O3 (1.23 g, 3.5 mmol) in benzene (170 mL) 
were added Hhfa (2.97 mL, 21 mmol) and diglyme (1.00 
mL, 7 mmol). The resulting mixture was refluxed for 15 h. 
On cooling to room temperature the remaining europium ox
ide was filtered off and the resulting yellow solution was re
moved in vacuo to yield white crystalline powders. The sol
id was then washed with hexane and dried under vacuum. 
Slow evaporation of benzene solution gave pale yellow cry
stals suitable for X-ray cry아allography. Yield: 4.70 g, 75%. 
The melting point of the product was 75-78 °C. IR (KBr, 
cm"1): 1652 (s), 1602 (m), 1559 (m), 1531 (m), 1496 (s), 
1259 (s), 1213 (s), 1149 (s), 1078 (w), 1045 (w), 1010 (w), 
981 (w), 872 (w), 800 (m), 745 (m), 661 (m), 585 (m).

Preparation of Eu(hfa)3 tpy, 2. To a suspension of 
Eu2O3 (1.23 g, 3.5 mmol) and tpy (1.63 g, 7.0 mmol) in 
benzene (170 mL) were added Hhfa (2.97 mL, 21 mmol). 
The resulting mixture was refluxed for 2 d. On cooling to 
room temperature the excess of europium oxide was filtered 
off and the resulting yellow-pink solution was removed in 
vacuo to yield pale pink crystalline powders. The solid was 
then washed with methanol and dried under vacuum. Slow 
evaporation of hexane solution gave pale pink crystalline 
needles. Yield: 4.93 g, 70%. The melting point of the pro
duct was 235-240 °C. IR (KBr, cm ]): 1670 (s), 1652 (s), 
1602 (m), 1580 (w), 1559 (m), 1531 (m), 1496 (s), 1450 
(w), 1380 (w), 1257 (s), 1213 (s), 1149 (s), 1100 (w), 1010 
(w), 800 (m), 870 (s), 661 (m), 585 (m).

X-ray Crystal Analysts. The crystal of Eu(hfa)3-di
glyme was mounted onto a glass fiber with epoxy cement. 
The X-ray data were collected on an Enraf-Nonius CAD4 
automatic diffractometer with graphite-monochromated Mo 
Ka (1=0.71073 A) at ambient temperature. Unit cell di
mensions were based on 25-well centered reflections by us
ing a least-square procedure. Three standard reflections mon
itored every hour showed no significant intensity variation 
over the data collection. The total of 4058 intensities 
measured within a 0 range 2.0-24.9°, yielded 3832 unique 
and 2500 observed [Fo>3o(F)] reflections (merging R= 
0.020). The data were corrected for Lorentz and po
larization effects. Absorption effects were corrected for by 
the empirical ?>-scan method.9 The structure were solved by 
the Patterson method (SHELXS-86) and were refined by 
full-matrix least squares techniques (SHELXL-93) to give a 
final R-value of 0.045 for 3776 observed data and 442

Table 1. Crystal Data and Structure Refinement for Eu(hfa)3 di- 
glyme
formula 
fw 
T (°C) 
wavelength, A

up
o

g

A

 A
 O
A
O
A

Pcaicd, gen" 
g(Mo Ka), cm"1 
no. of rflns collctd 
no. of indep rflns 
no. of params 
GOF on F2 
final R indices [I>2o(I)] 
R indices (all data) 
largest diff. peak and hole,

C2M17EUF  18。9

907.31
20
0.71073
P2Jn (No. 14)
10.252(1)
16.051(6)
19.392(8)
96.顺2)
3173(2)
4
1.899
21.27
4058
3832 [R(int)=0.0186]
442
1.115
Rlfl = 0.0449, wR2=0.1245

e Rl=0.0460, wR2= 0.1257

flRl=E||Fj-|Fc||/E|Fo|. wR2-{Zw(F02-Fc2)7e wF04}1/2, where 
w=l/{子f：+(0.0786F)2+5.28F} and where p={Max(F；,o)+ 
2F；}/3.

parameters. All non-hydrogen atoms were refined an
isotropically and the positions of hydrogen atoms were ideal
ized, assigned isotropic thermal parameters [U汕(H)=1.2 Ueq 
(C)] and allowed to ride on the parent carbon atoms. All cal
culations were carried out on the personal computer with 
use of the SHELXS-86 and SHELXL-93 programs.10 Cry
stal parameters and procedural information corresponding to 
data c이lection and 아ructure refinement are given in Table 1. 
The fractional coordinates is given in Table 2 and selected 
bond lengths and angles in Table 3.

Results and Discussion

Synthesis. The strategy for the synthesis of the anhy
drous CVD precursors has been extensively studied, since 
the potential CVD precursors containing coordinated water 
have poor mass transport properties and volatility.11 The 
molecular architecture for the CVD precursor can be mod
ified by adding a 'multipronged" Lewis base, such as 
glyme, thereby plugging into possible vacant coordination 
sites. The single-step reaction of europium oxide with hex
afluoroacetylacetone and tridentate neutral ligand in ben
zene has been found to yield reproducible monomeric air 
stable adducts.

Eu2O3+6Hhfa+2diglyme —> 2Eu(hfa)3diglyme+3H2O

This procedure yields anhydrous potential europium CVD 
precursor even water is the by-product. The hard Lewis 
base, diglyme, encapsulates the europium metal ion thus 
competing with H2O molecules in saturating the coor
dination sphere. The present procedure also yields non-hy- 
groscopic adducts through a low cost route. This represents 
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an important aspect for materials used for CVD applications 
where low-cost chemicals that may be manipulated on open 
benches are an important objective.

X-ray Structure Determination. The molecular 
structure of Eu(hfa)3-diglyme is shown in Figure 1, with the 
CF3 groups of hfa and terminal CH3 groups of diglyme om
itted for clarity. The europium atom binds to all three bi- 
dentate hfa ligands and to three oxygen atoms of the di
glyme ligand thus resulting in an europium coordination of 
nine.

A square-antiprismatic geometry is obtained with the 
ninth coordinating oxygen atom [0(7)] capping one of the 
square faces (see Figure 2).

The mean plane separation between two squares is about 
2.43 A and two squares are nearly parallel (the angle 
between two squares is 1.96°). The angles among oxygen 
atoms in square, e.g. O(l)-O(5)-O(3) or O(2)-O(6)-O(4), are 
in the range of 85.7-95.8°. The two hfa oxygens of each li

C (12)

Figure 1. ORTEP drawing of the crystal structure of Eu(hfa)3- 
diglyme showing the atomic labeling scheme and thermal el
lipsoidal at the 50% level. CF3 groups of the hfa and terminal 
CH3 groups of diglyme have been omitted for clarity.

Figure 2. Co-ordin가ion polyhedron of Eu(hfa)3 - diglyme show
ing the Eu environment.
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gand are attached to the opposite top and bottom vertices of 
the prism. Selected bond distances and angles are listed in 
Table 3. In this molecule the Eu-0 bond distances fall into 
two distinctly different groups; those to the P-diketonate li
gands and those for the diglyme ligand.

Table 2. Atomic Coordinates (x 104) and Equivalent Isotropic 
Displacement Parameters (A2x 103) for Eu(hfa)3-diglyme
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F

F
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F

F

F

F

F

F

F
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C
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C

C

C

C

C

C

C

C

C

C

C

C

C

C

y z U(eq)
2422(1) 1044(1) 2378(1) 50⑴
866(5) 1745(4) 3023(3) 60(1)

2260(7) 313(4) 3455(3) 6%2)
3982(6)- 1953(4) 1893(3) 64(2)
2558(6) 680(4) 1187(3) 61(1)
3667(5) 1805(4) 3299(3) 62(2)
4491(6) 399(4) 2570(3) 65⑵
2124(6) -518(4) 2217(3) 68(2)

138(6) 605(4) 1857(3) 기⑵

1113(6) 2142(4) 1627(3) 68(2)
-1087(8) 2170(5) 4296(5) 137(3)
-1190(14) 2581(10) 3287(6) 246(9)

197(13) 3018(6) 3990(8) 211(7)
3482(11) -185(9) 4690(6) 207(6)
1823(14) 51(8) 5165(4) 210(6)
1868(15) -855(7) 4474(7) 202(6)
6508(11) 2438(11) 1918(6) 246(9)
5379(11) 3271(7) 1437(9) 220(7)
6389(10) 2483(7) 883(6) 194(5)
3427(14) 696(8) -461(4) 211(6)
1656(11) 450(9) -127(5) 195(5)
3100(13) - 341(6) 95(4) 169(5)
6038(9) 2086(5) 4662(4) 148(4)
4128(12) 2341(13) 4594(8) 302(12)
5214(21) 2977(6) 4084(7) 295(12)

-2284(7) 141⑺ 3170(6) 175(5)
-3264(12) -177(12) 2256(7) 245(9)
-3580(12) -784(7) 3070(12) 267(10)

564(9) 1700(6) 3612(5) 64(2)
942(11) 1134(7) 4123(5) 74(3)

1785(10) 481(6) 4009(5) 69⑵
- 사34询 2347(8) 3792(7) 92(3)
2237(17) -89(10) 4598(6) 106(4)
4568(8) 1931(6) 1371(5) 63⑵
4273(11) 1467(6) 779(5) 75(3)
3259(9) 886(5) 735(5) 61(2)
5700(12) 2529(9) 1380(7) 91(4)
2910(13) 444(8) 54(5) 84(3)
4740(9) 1679(6) 3638(4) 62(2)
5681(9) 1078(6) 3531(5) 70(2)
5498(9) 514(6) 2990(5) 67⑵
5056(13) 2251(8) 4251(6) 89(3)

-3385(12) -75(10) 2887(8) 98(4)
2795(13) -1016(7) 1749(6) 91(3)
762(11) -741(7) 2234(6) 84(3)
-65(10) -266(7) 1717(6) 81(3)

-496(11) 1105(8) 1317(6) 94(4)
-279(10) 1999(8) 1517(6) 89(3)
1412(14) 2978(8) 1595(8) 121(5)

U(eq) is defined as one third of the trace of the orthogonalized 
Un tensor.
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Table 3. Selected Bond Lengths [A] and Angles [deg] for Eu 
(hfa)3-diglyme
Eu・O⑴ 2.408(5) Eu-O(2) 2.416(6)
Eu-O(3) 2.427(6) Eu-O(4) 2.401(6)
Eu-O(5) 2.414(5) Eu-O(6) 2.354(6)
Eu-O(7) 2.540(6) Eu-O(8) 2.548(6)
Eu-O(9) 2.571(6) O(l)-C(l) 1.216(10)
O(2)-C(3) 1.256(10) O(3)-C(6) 1.231(10)
O(4)-C(8) 1.236(10) O(5)-C(ll) 1.237(10).
O(6)-C(13) 1.259(11) O ⑺-C(16) 1.439(12)
O(7)-C(17) 1.445(12) O(8)-C(18) 1.435(12)
O(8)-C(19) 1.421(13) O(9)-C(21) 1.379(13)
C(l)-C(2) 1.369(14) C(l)-C(4) 1.52(2)
C(2)-C ⑶ 1.390(14) C(3)-C(5) 1.50 ⑵
C(6)-C(7) 1.375(13) C(6)-C(9) 1.505(14)
C(7)-C(8) 1.392(13) C(8)-C(10) 1.509(14)
C(ll)-C(12) 1.395(13) C(ll)-C(14) 1.511(13)
C(12)-C(13) 1.383(13) C(13)-C(15) 1.514(14)
C(17)-C(18) 1.46(2) C(19)-C(20) 1.50 ⑵

O(l)・Eu・(X2) 70.6(2) O(l)-Eu-O(3) 114.9(2)
O(l)-Eu-O(4) 136.3(2) O(l)-Eu-O(5) 72.9(2)
O(l)-Eu-O(6) 139.4(2) O(l)-Eu-O(7) 116.6(2)
O(l)-Eu-O(8) 72.8(2) O(l)-Eu-O(9) 68.8(2)
O(2)-Eu-O(3) 137.3(2) O(2)-Eu-O(4) 136.9(2)
O(2)-Eu-O(5) 71.7(2) O(2)-Eu-O(6) 78.1(2)
O(2)-Eu-O(7) 67.0(2) O(2)-Eu-O(8) 93.7(2)
O(2)-Eu-O(9) 137.9(2) O(3)-Eu-O(4) 70.5(2)
O(3)-Eu-O(5) 70.3(2) O(3)-Eu-O(6) 72.9(2)
O(3)-Eu-O(7) 128.4(2) O(3)-Eu-O(8) 128.9(2)
O(3)-Eu-O(9) 72.2(2) O(4)-Eu-O(5) 139.0(2)
O(4)-Eu-O(6) 84.4(2) O(4)-Eu-O(7) 70.1(2)
O(4)-Eu-O(8) 72.3(2) O(4)-Eu-O(9) 72.7(2)
O(5)-Eu-O(6) 73.1(2) O(5)-Eu-O(7) 129.6(2)
O(5)-Eu-O(8) 145.5(2) O(5)-Eu-O(9) 105.9(2)
O(6)-Eu-O(7) 71.4(2) O(6)-Eu-O(8) 135.7(2)
O(6)-Eu-O(9) 142.9(2) O(7)-Eu-O(8) 65.5(2)
O(7)-Eu-O(9) 123.9(2) O(8)-Eu-O(9) 64.1(2)
C(l)-O(l)-Eu 135.1 ⑹ C(3)-O(2)-Eu 134.8(6)
C(6)-O(3)-Eu 134.5(6) C(8)-O(4)-Eu 135.6(6)
C(ll)-O(5)-Eu 132.9(6) C(13)-O(6)-Eu 134.5(6)
C(16)-O(7)-Eu 124.5(6) C(17)-O(7)-Eu 110.2(6)
C(18)-O(8)-Eu 116.9(6) C(19)-O(8)-Eu 117.7(6)
C(20)-O(9)-Eu 115.2(6) C(21)-O(9)-Eu 126.0(7)
C(1§.O ⑺・C(17) 113.9(8) C(18)-O(8)-C(19) 111.4(8)
C(20)-O(9)-C(21) 111.6(9) O(l)-C⑴-C(2) 129.6(9)
O(l)-C(l)-C ⑷ 114.8(9) O(2)-C(3)-C(2) 127.0(9)
O(2)-C(3)-C(5) 113.9(10) O(3)-C(6)-C ⑺ 128.2(9)
O(3)-C(6)-C ⑼ 114.6(9) O(4)-C(8)-C(7) 128.5(8)
O(4)-C(8)-C(10) 113.1(9) O(5)-C(ll)-C(12) 128.7(8)
O(5)-C(ll)-C(14) 115.0(9) O(6)-C(13)-C(12) 128.5(9)
O(7)-C(17)-C(18) 110.4(8) O(8)-C(18)-C(17) 108.5(8)
O(8)-C(19)-C(20) 107.9(8) O(9)-C(20)-C(19) 107.9(9)
C(l)-C ⑵-C(3) 121.2(8) C(2)-C(l)-C(4) 115.5(9)
C(2)-C(3)-C(5) 119.2(9) C(6)-C(7)-C(8) 120.7(9)
C(7)-C(6)-C(9) 117.1(9) C ⑺-C(8)-C(10) 118.4(9)
C(12)-C(ll)-C(14) 116.3(8) C(13)-C(12)-C(U) 121.6(8)

The Eu-O(of hfa) bond distances [2.354(6) to 2.427(6) A] 
are, as expected, much shorter than the Eu-O(of glyme)

Table 4. The Average Lengths of Eu-O(of p-diketonate), Coor
dination Number and Geometry for the Eu(p-diketonate) Com
plexes
„ Average lengths of Coordination 八Comp. a + u GeometryEu-O(of p-diketonate) number

*sq. an.; square antiprism, cap. sq. an.; capped square antiprism

Eu(tmhd)3 - triglyme 2.33[1] A 8 sq. an.*
Eu(tmhd)3-(py)2 2.35[1] A 8 sq. an.
Eu(tmhd)3-pMF)2 2.36[1] A 8 sq. an.
Eu(hfa)3- diglyme 2.40[l] A 9 cap. sq. an.

bond distances [2.540(6)-2.571(6) A]. This is indicative of 
weak coordinative bonds between the metal center and the 
oxygen atoms of the diglyme ligand.

The tendency of Eu-0 bond distances is comparable 
with the La-0 distances of the lanthanium analogue. In the 
lanthanium analogue10 the La-O(of hfa) bond distances 
[2.462(6)-2.635(6) A] are quite 이ose to the La-O(of di
glyme) bond distances [2.475(5)-2.642(6) A]. In the Ln-O 
(of hfa) bond distances (Ln=Eu or La) the average Eu-0 
(of hfa) bond distance is approximately 0.1 A shorter than 
the corresponding La-0 distance. These differences are al
most certainly in part due to the significantly different ion
ic radii of the met시 centers involved [La3+ (1.06)>Eu3+ 
(0.85 A)]. In the europium p-diketonate complexes, the 
coordination number of nine for the Eu(hfa)3-diglyme is un
common. This nine coordination might increase the steric 
repulsion among the coordinated atoms so that the average 
bond length of the Eu-O(of hfa) for the Eu(hfa)3-diglyme 
[2.40(1) A] is longer than that for the other eight coor
dinated europium complexes13 [2.22(1)-2.36(1) A] (Table 
4).

This indicates that the size of the central metal, ligand 
and coordination number affect the bond strength of the 
metal-coordinated atom and also the volatility of the lan
thanium precursors. Eu(hfa)3 - diglyme has no intermolecular 
interaction which is a good indication for the CVD pre
cursor.14 A further important observation is their excellent 
stability to both air and moisture. There is retention of es
sentially gauche geometry about the C-C bonds within the 
diglyme ligand.

TGA/DTA. TGA measurements have found extensive 
application where a study of weight loss versus temperature 
can give important insight into the breakdown and thermal 
behaviour of materials at elevated temperature. DTA meas
urements allow to study the enthalpy change occurring dur
ing the thermolysis and to know whether a reaction is oc
curring.

The TGA curve of Eu(hfa)3 - diglyme is reported in Figure
3. The TGA plot shows a singular sublimation step in the 
150-295 °C temperature range. This indicates that Eu(hfa)3- 
diglyme is a stable precusor which delivers the homoleptic 
diglyme complex into the gas phase easily. The absence of 
the intermolecular interactions explains why this compound 
sublimes easily without decomposition. No carbonaceous 
residues have been found in this case. The DTA curve of 
Eu(hfa)3-diglyme shows a melting point endotherm at 73 °C 
and two other changes, the first at 80 °C and the second at 
300 °C.15 The first endothermic peak at 80 °C is presumably
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Figure 3. TGA/DTA diagram of Eu(hfa)3-diglyme.
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Figure 4. TGA/DTA diagram of Eu(hfa)3 tpy.

attributed to a structural phase transition. The occurrence of 
coordinated H2O loss at 80 °C can be ruled out for several 
reasons: (i) no H2O molecules in the crystal structure, (ii) 
no weight loss in the TGA plot, (iii) no IR bands in the 
3300-3600 cm1 range (O-H stretching). The second isoth
erm at 300 °C is due to the end point of sublimation. The 
TGA data for Eu(hfa)3-tpy reveal that this compound does 
not sublime intact.

Residual portion at the end of 500 °C is slightly higher 
than the theoretical one of Eu2O3(theo.; 17.4, exp.; 21.0%) 
The DTA data of Eu(hfa)3 tpy show a melting point en
dotherm at 230 °C and the other change at 315 °C for the 
end point of the decomposition (Figure 4).

Spectroscopic Data. The IR spectrum of complex 1 
shows characteristic bands for the P-diketonates, with strong 
absorption bands for carbonyl group; CO stretch + CH 
bend at 1565-1530; C=O stretch at 1602 cm-1. The bands 
assigned as v(C-O-C) for diglyme occur at slightly lower 
frequencies than the same peak for the free ligand, 1350- 
1360, 1270, 1220 and also at 1110±20 cm~1. The shifts 
from the free ligand are indicative of coordinated diglyme li
gands with relatively weak Eu-0 interactions. The C-F 
stretching frequencies of hfa group fall in the same regions 
as those of the C-0 (diglyme). The 'H NMR spectra (C6D6) 
of complex 1 and 2 show a considerable degree of peak 
shifting and line broading and this is undoubtedly due to 
the paramagnetic Eu*.

Conclusions

The reaction of europium oxide with hexafluoroacetyl
acetone and tridentate neutral ligand" in benzene yielded 
anhydrous, monomeric Eu(hfa)3-L complexes. The products 
have been shown to be air- and moisture-stable with good 
solubility in organic solvents. The X-ray structural charact
erization of compound 1 shows that europium metal ion is 
saturated with nine coordinates. The coordinative saturation 
of the europium ion by the multidentate Lewis base che
lates and P-diketonates leads to air and moi아ure stable com
plex. TGA/DTA measurements show that Eu(hfa)3-diglyme 
has good mass transport properties in terms of volatility and 
thermal stability. Eu(hfa)3-tpy does not sublime intact even 
though it is air- and moisture-stable. This observation en
visages the choice of the ligand; low melting point, no in- 
termolecular interaction, coordinative saturation of the metal 
center.
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Nine new solubility-increased container hosts having eight undecyl substituents were synthesized and charac
terized. 0 NMR spectral data showed integral illusion 어ate of carceplexes and their stability. NMR chem
ical shifts of guest DMA were correlated to the host's cavity dimensions shrinked by constrictive binding. Car- 
ceplex and hemicarcerand showed their distinctive FD mass spectra.

Introduction

Container hosts, carcerand and hemicarcerand, are con
structed on cavitands derived from octols which are ob
tained by cyclotetramerization of resorcinol and aldehydes.1 
Carcerands are hosts having spherical cavity for the in
clusion of guest molecules, but once the guest is captured 
inside it cannot escape the cavity even at high temperature 
unless some chemical bonds of host shell are broken.2 Usu
ally the guests are captured during the formation of car
cerands so it exists as carceplex from the beginning. Hem- 
icarcerands are similar to carcerands except that the guests 
can enter or exit the hosts interior through the shell's port
als.3 The binding energy of hemicarcerands is called a con
strictive binding energy which is defined as the steric re
pulsions that must be overcome for dissociation of a hem- 
icarceplex. The steric constraints are imposed by the size 
and shape of the guest, and those of the portal and at
tractions of the inner phase. Many interesting properties of 
hemicarcerands are reported such as shell's role as chemical 
reactor,4 control of guest's in-and-out kinetics,5 molecular 
container,6 etc., which implies the tremendous applicabilities 
of container hosts in various fields from material sciences 
to medicinal chemistry.

The physicochemical properties of hemicarcerands have 
been controlled by variation of portal size using different 
functionality, number, or length of bridging units between 
two polar caps (hemispheres), which varies the cir
cumstance of its core sphere.

Also the solubility of container host has been controlled 
mainly by using various substituents (legs) such as methyl,23 
pentyl,2b or 2-phenylethyl.2c But still the solubility is not 
enough for the easy manipulation of intermediates or hosts. 
By incorporating dodecanal in octol, highly soluble cavitand 
intermediates and nine new container hosts were syn
thesized and characterized.

Results and Discussion

Synthesis of Highly Soluble Intermediates. Oct이 

1 was obtained in 83% yield from the acidic cyclotetra
merization of resorcinol and dodecanal. Octol 1 itself was 
used as a host which binds multihydroxy guests using hy
drogen bonding as well as CH-n interaction.7 It was easily 
brominated to compound 2 in 87% yield with NBS in MEK 
at room temperature. Adjacent hydroxyl groups of com
pound 2 were linked using CH2BrCl to give a rigidified 
tetrabromide 3 in 59% yield. Tetrabromide 3 was transform
ed to tetrol 4 and triol 5 using normal reaction conditions20 
in 51% and 16% yield, respectively. The semifinal' in
termediates, tetrol 4 and triol 5, were easily separated in 
large scale by column chromatography due to their high 
solubility in chlorinated solvents. Their analogues having 
pentyl or 2-phenylethyl substituents were much less soluble 
and accordingly difficult to purify, especially in large quan
tity.

Synthsis of Container Hosts Having Four Portals.
Container hosts 6, 7, and 8 having four portals and un-


