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The preparation of an 1,3-alternate calix[4]arene tetraphosphane ligand, 25,26,27,28-tetrakis{ 2-(diphenylphosphino)-
ethoxy} calix[4]arene (4), is described. Ligand 4 is obtained in four steps in 17% overall yield. Reaction of 4 with
AgBF, produced the encapsulated two silver complex [Ag.{ (P,P,P,P)-tetraphencalix[4]arene}](BF.),. The solid-
state structure shows that the encapsulated silver undergoes a substantial sz-interaction by two opposite arene
rings. Rhodation of 4 employing [Rh(cot),]BF, yielded the encapsulated complex with a bent coordination mode.
Two organometallic fragments inclusioned inside a 1,3-alternate calix[4]arene tetraphosphane was also achieved
by the reaction of 4 with [PtH(PPhs),(thf)]*. Full characterization includes X-ray structural studies of compounds
4-6.

Introduction plexation properties. It was found that the affinity of a
calixarene toward a metal ion depends on the conformation
of the calix[4]arené. While most of the research was

s : . ; X performed on alkali-metal and alkaline-earth-metal ions,
chemistry; function as inclusion hosts for iofiand even  yansition metal complexes of the parent calixarenes have
molecular recognitiof.These structures can vary in shape, not been explored extensivelyntroduction of an organo-
size, and the number of metal fragments that comprise thepeajic fragment into the interior of the calixarene cavity
calix[4Jarene. The recent synthetic development of the 5nh64rs particularly interesting because such architectures
functionalization of calix[4]arenes has led to the isolation .q g possess the capability to promote metal-centered
of cavity-shaped podands displaying highly selective com- o, tiong Matt and co-workefsrecently communicated the
directed positioning of organometallic fragments by penetrat-

* Authors to whom correspondence should be addressed. E-mail: ; ; ; ;
iko@korea.ac.kr (J.K). ing the hydrophobic calixarene cavity. One of the most

Metallic calix[4]arenes have been topics of intensive study
due to their hostguest chemistry catalysis: supramolecular

Korea University. popular synthetic tools for such macrocycles is the phos-
¥ Dankook University. o _ phorus functionalization of calix[4]arenes using anchoring
(1) (a) Smeque, O.; Rager, M.-N.; Giorgi, M.; Reinaud, @.Am. Chem. h hi h d di | ph | . di |
So0c.200], 123 8442. (b) Rondelez, Y.; Rager, M.-N.; Duprat, A.; phosphines tethere a_t istal phenols umts or directly
Reinaud, OJ. Am. Chem. So@002 124, 1334. connected to the upper rim. So far, most studies have focused
@ EQ'?&;‘(’I 3¢ Shiakawa, S.; Sasald, ¥.; Hiral, Ahgew. Chem., Int. = o calix[4]arenes with ont,two ! and four phosphordd
(3) (a) Rao, K. RPure Appl. Chem1992 64, 1141. (b) Raston, C. L; centers located at the lower rim and some on the upper rim
Atwood, J. L.; Nichols, P. J.; sudria, |. B. KChem. Commuri99§ of the macrocycle. We have recently reported the metallic
2615. (c) Floriani, C.; Jacoby, D.; Chiesi-Villa, A.; Guastini, C.;
Angew. Chem., Int. Ed. Endl989 28, 1376-1377.
(4) (a) lkeda, A.; Shinkai, S1. Am. Chem. S0d.994 116, 3102. (b) Xu, (6) Ikeda, A.; Shinkai, SChem. Re. 1997, 97, 1713.
W.; Roirke, J. P.; Vittal, J. J.; Puddephatt, RJJChem. Soc., Chem. (7) (a) Harvey, P. DCoord. Chem. Re 2002 233 289. (b) Wieser, C.;
Commun.1993 145. (c) Ghidini, E.; Ueozzoli, F.; Ungaro, R.; Dieleman, C. B.; Matt, DCoord. Chem. Re 1997, 165, 93.
Harkema, S.; El-Fadl, A. A.; Reinhoudt, D. N. Am. Chem. Soc. (8) (a) Reetz, M. T.; Waldvogel, S. Rngew. Chem., Int. Ed. Endl997,
199Q 112 6979. (d) Blimer, V.Angew. Chem., Int. Ed. Endl995 36, 865. (b) Coolen, H. K. A. C.; Van Leeuwen, P. W. N. M.; Nolte,
34, 713-745. R. J. M. Angew. Chem., Int. Ed. Engl992 31, 905.
(5) (a) Cameron, B. R.; Loeb, S. J.; Yap, G. P.1Aorg. Chem 1997, (9) Wieser-Jeunesse, C.; Matt, D.; Cian, A. fngew. Chem., Int. Ed
36, 5498.(b) Cameron, B. R.; Loeb, SChem. Commuri996 2003. 1998 37, 2861.
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Organometallic Fragments Inside a Calix[4]arene

macrocycle with a 1,3-alternate calix[4]arene diphosphorus-
containing ligand? However, nothing is known of the 1,3-
alternate calix[4]arene tetraphosphane of the y@&d its
chemistry. Such 1,3-alternate calix[4]arene ligand is of
particular importance because two sites of the cavity can be
used to incorporate reactive metallic fragments. Here we
report a new, high-yield strategy for synthesizing the direct
bimetallic macrocycles positioned inside the mouth of the
cavity.

Results and Discussion

1,3-Alternate Tetraphosphinated Calix[4]arene Ligand.
Our strategy for the synthesis of such macrocycles utilizes
the coordinative properties of the 1,3-alternate calix[4]arene
tetraphosphane located on two distal carbon atoms of the
lower and upper rim. Tetraphosphadeis conveniently
synthesized in four steps from the nonsubstituted calix[4]-
arene: calix[4]arene reacted with 8 equiv of ethyl bromoac-
etate in the presence of excess@3; in acetone to give
in the 1,3-alternate conformation. The reductionlofvith
LiAIH 4, followed by tosylation usingpara-toluenesulfonyl
chloride, gave 1,3-alternate calix[4]arene tetratosylated prod-
uct 3. The calix[4]arene tetratosylawas found to be in
the 1,3-alternate conformation judging from a singlet peak
at 6 3.65 for the methylenic protons of the AHzAr bridge
in the'H NMR spectrum and a single peakd87.0 for the
ArCH.Ar bridge carbon in thé3C NMR spectrum. Tetra-
phosphorylation o8 with KPPh, resulted in formation oft
in 82% yield after column chromatography (Scheme 1). A
similar preparation of tethering GBH,PPh groups has been
reported by the Reinhoudt grodipLigand4 is a crystalline
solid that is stable in air and soluble in CHOloluene, and
THF. Spectroscopic data fdrare completely consistent with
its proposed structure. One resonance at 3.52 ppm itHthe
NMR spectrum and one peak at 32.6 ppm in @ NMR
spectrum for the methylene bridge are observed. ¥Re
NMR spectrum of4 shows a singlet at-27.3 ppm. This
value is comparable to those observed for the lower rim 1,3-
diphosphino calix[4]arene and 1,3-alternate diphosphinated
calix[4]aren€e'® The structure oft was established by single-
crystal X-ray analysis and is shown in Figure 1. The

crystallographic data and processing parameters are given

in Table 1. The molecule of possesses a crystallographic
2-fold axis that the middle of four aryl groups goes through.
The interesting feature of the molecular structurd @ that

(10) (a) Vaina, M.; Gagnon, J.; Villeneuve, K.; Drouin, M.; Harvey, P.
D. Organometallics2001, 20, 273. (b) Veina, M.; Gagnon, J.;
Villeneuve, K.; Drouin, M.; Harvey, P. DChem. Commun200Q
1073.

(11) (a) Takenaka, K.; Obora, Y.; Jiang, L. H.; Tsuji, ¥rganometallics
2002 21, 1158. (b) Evans, D. R.; Huang, M.; Fettinger, J. C.; Williams,
T. L. Inorg. Chem 2002 41, 5986. (c) Cameron, B. R.; van Veggel,
F. C. J. M.; Reinhoudt, D. NJ. Org. Chem1995 60, 2802.

(12) Stolmar, M.; Floriani, C.; Chiesi-Villa, A.; Rizzoli, Gnorg. Chem
1997, 36, 1694.

(13) Kim, S.; Kim, J. S,; Shon, O. K;; Lee, S. S.; Park, K.-M.; Kang, S.
0.; Ko, J.Inorg. Chem.2004 43, 2906.

(14) Cameron, B. R.; van Veggel, F. C. J. M.; Reinhoudt, DJNOrg.
Chem 1995 60, 2802.

Figure 1. ORTEP drawing of ligand with thermal ellipsoids drawn at
the 50% probability level. Hydrogen atoms are omitted for clarity. Selected
bond distances (A) and angles (deg): P{C(1) 1.832(2), P(1}C(13)
1.843(2); C(1yP(1)-C(13) 99.36(10), P(1)C(13)-C(14) 113.06(16).
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the aryl rings bearing the phosphorus units (P(1) and P(4))
are splayed outward with the aryl rings moving upward and
the aryl rings with other phosphorus unit (P(2) and P(3))
are pinched together with the aryl rings moving downward.
The phosphorus lone pairs are directed toward the interior
of the cavity. A similar geometric configuration was observed
in another diphosphinated calix[4]aretfe.

(15) Jeunesse, C.; Dieleman, C.; Steyer, S.; Mat. @hem. Soc., Dalton
Trans 2001, 881.

(16) Loeber, C.; Matt, D.; Cian, A. D.; Fischer, J. Organomet. Chem
1994 475, 297.
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Kim et al.
Table 1. Crystal and Structure Refinement Data #r6

param 4 5 6
empirical formula @4H7604P4 C84H76A9282F804P4 C84H7682F804P4ha
fw 1273.33 1662.76 1652.84
cryst syst triclinic _monoclinic monoclinic
space group P1 2lc C2lc
a(h) 11.125(2) 18.7622(14) 18.7027(16)
b (A) 11.133(2) 13.7204(10) 13.6292(10)
c(A) 31.458(6) 32.702(2) 32.470(3)

o (deg) 95.350(4) 90 90

£ (deg) 95.120(4) 97.9780 98.371(2)
y (deg) 115.772(3) 90 90

V (A3) 3456.6(11) 8336.9(11) 8188.6(11)
Zvalue 2 4 4
Deaic(g/cn®) 1.223 1.460 1.478
F(000) 1344 3728 3712
u(Mo Ka) (mm1) 0.161 0.742 0.680
temp (K) 298 293 233

26 range (deg) 3.9456.70 3.76-56.66 3.72-56.84
no. of reflcns measd 21796 29783 41 147
no. of observnsl(> 20(1)] 15719 10374 10212

R 0.0515 0.0555 0.0552

Ry 0.1135 0.1404 0.1441
goodness-of-fit 0.950 0.883 1.030
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Inclusion of Silver lon inside a Calix[4]arene Cavity. Figure 2. ORTEP drawing of comple® with thermal ellipsoids drawn

at the 30% probability level. Hydrogen atoms, two £Hp, and two B
Te”aphOSphanGA was found to be a gOOd model to atoms are omitted for clarity. Selected bond distances (A) and angles

incorporate organometallic fragments inside the cavity. FOr (geq): Ag-P(1) 2.4342(12), AgP(2) 2.4261(13), Ag C(33) 3.545, Ag-
example ligand4 reacts in a 1:2 stoichiometric ratio with  C(26_2) 2.981; P(t)Ag—P(2) 139.77(4).

AgBF, to provide the new macrocyckin almost quantita-

tive yield (Scheme 2). Consistent with this structural the distal aryl rings bearing the phosphorus unit is 21.02-
formulation, the’!P NMR of 5 exhibits a resonance atl2.7 (0.22y. Complex5 has a bent geometry with the bond angle

ppm with two doubletsXsy-p = 530 Hz,J'%%g-p =604 of p(1)-Ag—P(2) being 139.77(4) The solid-state structure
Hz), vyhph is characteristic of a Ag(l) complex with a bent  gnows that two of the carbon atoms [C(33), 3.545 A;
coordination geometry/. *H NMR spectroscopy and mass (26 2), 2.981 A| lie sufficiently close to the silver so as to

spectrometry also support this proposed formulation. The ,ngergo a substantial interaction by two opposite arene rings.

solid-state structure o6 is consistent with its assigned the previous investigations established thdtase receptors
solution structure (Figure 2). The shape of the calix[4]arene \ypich feature cations interactions such as 1,3-alternate

may be viewed as a pinched cone; the dihedral angle betweerl:alix[4]arene always display a high affinity for Agand

18 . . L
(17) Camalli, M.; Caruso, F.; Chaloupka, S.; Kapoor, P. N.; Pregosin, P. C.SJr' Accordingly, this resultimplies that the Agomplex
S.; Venanzi, L. M.Helv. Chem. Actal984 67, 1603. with 1,3-alternate conformers may be stabilized not only by
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Organometallic Fragments Inside a Calix[4]arene

the interaction with two phosphines but also fydonor
participation of two benzene rings.

Inclusion of Rhodium inside a Calix[4]arene Cauvity.
Tetraphosphané seems to be an ideal scaffold to test the
suitability of specific phosphino ether coordination environ-
ments for complexing Rh(l). Treatment dfwith a Rh(l)
precursor (formed by the reaction betweéRIji(cot)Cl} ]
(cot= cycloctene) and AgBJ readily afforded the two 18-
membered rhodium(l) calix[4]arerée(Scheme 2). Complex
6 was characterized ByH and3'P NMR, mass spectroscopy,
and elemental analysis. The initial indication of the dinuclear
formulation for6 stemmed from the observation of an ion
in the mass spectrum atz 1478, a fragmentation attribut-
able to the loss of two BF groups. Two doublets in thid
NMR spectrum (4.20 and 3.45 ppih= 11.2 Hz), one peak
at 30.4 ppm in thé*C NMR spectrum for the methylene
bridge, and one upfield resonance-ét2.4 ppm 15 ppm
downfield with respect to the tetraphosphadie with a
characteristic coupling constant &f,-p = 538.2 Hz in the
31P NMR spectrurt? proved that a pinched cone conforma-
tion is maintained ir6. These values compares with those
reported for system for which rhodiunarene interaction has
been documented in the 1,3-alternate calix[4]arfénEhis

Figure 3. ORTEP drawing of comple® with thermal ellipsoids drawn
at the 30% probability level. Hydrogen atoms, two £Hp, and two B

implies that above 1,3-alternate conformers also provide theatoms are omitted for clarity. Selected bond distances (A) and angles

well-preorganized cavity for Rhbinding. Furthermore, the
solid-state structure @, which was determined by a single-
crystal X-ray analysis (Figure 3), is consistent with our
structural formulation of6 in solution. The coordination
geometry of Rh(l) consists of a bent configuration. Interest-
ingly, P1-Rh—P2 angle [139.42(3) is such that the
rhodium metal is pushed into the cavity. The close rhodium
carbon distance (2.978.450 A) on the opposite arene rings

indicates that the rhodium ion has a substantial interaction

with two benzene rings. It is noteworthy that the calix[4]-

arene-derived diphosphines bearing auxiliary groups control

the degree of encapsulation of the chelated metal &om.
Inclusion of Platinum Hydride inside a Calix[4]arene

Cavity. Although the above two examples serve to indicate

that the Ag and RH fragments are positioned into the calix-

[4]arene cavity, additional evidence of such systems was then

sought. Initially, we attempted to react tetraphoshé&méth
[PtHCI(PPh),] and [PtH(PPH)3]*, but the ligand4 failed to
react with the metal complexes. However, reactiod wiith
[PtH(PPh),(thf)]BF, (formed by the reaction of [PtHCI-
(PPh);] with AgBF, in THF) gave the new platinum

(deg): RR-P(1) 2.4229(10), RRP(2) 2.4237(9), RRC(12_2) 2.970, Rk
C(4_2) 3.450; P(1YRh—P(2) 139.42(3).

Scheme 3
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The hydride resonance has shifted 2.6 ppm upfield from

complex7 (Scheme 3). This compound was spectroscopically that for the [PtH(PP§),(thf)]™ ion, which is indicative of
characterized, and all data are consistent with the formulatedthe high shielding effect of the 1,3-alternate calix[4]arene.

structure. For example, th#d NMR spectrum in CBCl;,
shows a resonance at6.24 ppm (t with Pt satellites,
Ju—p = 156 Hz,Jy—pt = 684 Hz) for the hydride coordinated
to platinum.

(18) (a) Ungaro, R.; Casnati, A.; Ugozzoli, F.; Pochini, A.; Dozol, J.-F.;
Hill, C.; Rouquette, HAngew. Chem., Int. EdEngl. 1994 33, 1506.
(b) Lyoda, M.; Kuwatani, Y.; Yamauchi, T.; Oda, M. Chem. Soc.,
Chem. Communl988 65. (c) Heirtzler, F. R.; Hopf, H.; Jones, P.
G.; Bubenitschek, P.; Lehne, . Org. Chem1993 58, 2781.

(19) Lindner, F.; Norz, HChem. Ber199Q 123 459.

(20) Wieser, C.; Matt, D.; Fisher, J.; Harriman, AJJChem. Soc., Dalton
Trans 1997, 2391.

The 3P NMR spectrum of7 in CD.Cl, displays a single
resonance at 3.6 ppm witfPt satellites. Thép_p; coupling
constant of 3359 Hz is typical for a cis geometry about the
platinum aton?* NMR studies clearly showed that the
hydride ligand is situated into the cavity induced around the
platinum center. The complex is quite inert toward cis/
trans isomerization and extrusion of the-Pt bond. Such

(21) (a) Favez, R.; Roulet, R.; Pinkerton, A. A.; Schwarzenbacln@g.
Chem.198Q 19, 1356. (b) Baize, M. W.; Blosser, P. W.; Plantevin,
V.; Schimpff, D. G.; Gallucci, J. C.; Wojcicki, AOrganometallics
1996 15, 164.
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rigidity of the ligand backbone is essential for obtaining high
selectivity in the catalytic reactiofd.Indeed, the extrusion
reaction of PtH with CO and PPhdoes not take place in
our case. However, the reactionivith a strongerr-donor
ligand such as8BuNC took place to give the square planar
complex8. The chelate comple& was readily characterized
by H, 13C, and®'P NMR, FAB-MS, and IR spectroscopies.
The3P NMR spectrum o8 exhibited one resonance at 23.1
ppm (Jprp = 2834 Hz). A trans arrangement for the
phosphino ligands in a typical square-planar Pt(ll) environ-
ment is proposed on the basis of #ig-p value for complex
8.23 The 'H NMR pattern of hydrido ligand appears as a
triplet with platinum satellitesd;—p = 19.2 Hz,Jy—pt = 926
Hz) at —12.82 ppm. The chemical shift and coupling
constants of8 resemble the values for thgans[PtH-
(PPh),L].?* The IR spectrum of8 exhibits one strong
v(C=N) absorption band at 2187 cfand onev(Pt—H)
absorption band at 1962 crh All these results clearly
indicate thai8 has a trans configuration with the-Rtl unit
extruded from the cavity. The fact th@&tan still react with
strongzr-donor ligands suggests that the-Pt fragment is
not completely shielded from the solution.

Kim et al.

25,26,27,28-Tetrakis(ethylacetoethoxy)calix[4]arene, 1,3-Al-
ternate (1). To a refluxing suspension of calix[4]arene (2.00 g,
4.53 mmol) and G£0;5 (8.87 g, 27.0 mmol) in dry acetone (150
mL) was added dropwise a solution of ethyl bromoacetate (6.05 g,
36.2 mmol) in dry acetone (50 mL) owve8 h under nitrogen
atmosphere. The reaction mixture was refluxed for an additional
24 h. After cooling of the reaction to room temperature, the salt
was filtered off and the solvent was removed in vacuo. The reaction
mixture was extracted three times with 50 mL of &Hp, washed
twice with water, and dried over anhydrous MgS@nd then the
solvent was removed in vacuo. The crude product was chromato-
graphed on silica gel using a mixture of ethyl acetaterahéxane
(1:5) as an eluent. Recrystallization from @H,/n-hexane (1:30,
v/v) gave a white crystalline solid in 29% yield (1.02 g). Mp:
118-119°C. IR (KBr pellet): 2921, 1771, 1439, 1181, 1092, 1048,
760 cnit. *H NMR (CDClg): 6 7.16 (d, 8 H, AHy), 6.71 (t, 4 H,
ArHy), 4.23 (g, 8 H, OG1,CHs), 4.04 (s, 8 H, ArCi,Ar), 3.78 (s,
8 H, ArOCH,), 1.33 (t, 12 H, OCHCHj3). 33C NMR (CDCk): ¢
169.5, 155.4, 133.4, 130.3, 122.8, 69.6, 60.7, 35.5, 14.1. Anal. Calcd
for C44H48012: C, 68.74; H, 6.29. Found: C, 68.73; H, 6.40.

25,26,27,28-Tetrakis(2-hydroxyethoxy)calix[4]arene, 1,3-Al-
ternate (2). To a suspension of LAH (0.172 g, 4.68 mmol) in THF
(100 mL) was added dropwise a solutionlgf0.901 g, 1.17 mmol)
in THF, and the mixture was stirred at room-temperature overnight.

In summary, a novel 1,3-alternate calix[4]arene tetraphos- Excess LAH was quenched by the addition of water, and the solvent
phane was prepared. The ligand was found to be an effectivewas removed in vacuo. The resulting solid was extracted with
reactant to introduce metal units inside the cavity. The methylene chloride (100 mL), and the organic layer was washed
dimetallic Ag(l) and Rh(l) complexes of the 1,3-alternate three times with water. The organic layer was dried over anhydrous

tetraphosphino calix[4]arene exhibit a chelate coordination
of the phosphorus ligands with the directed positioning of
the metal ions inside a calix[4]arene cavity. The—Ht
fragment of Pt(Il) complex formed by the reaction of 1,3-
alternate calix[4]arene tetraphosphane with [PtHERRNf)]-

BF, was found to be entrapped inside the interior of the
cavity. Work is now in progress to demonstrate specific
catalytic reactions.

Experimental Section

All experiments were performed under a nitrogen atmosphere
in a Vacuum Atmospheres drybox or by standard Schlenk tech-
niques. THF, toluene, and ether were distilled from sodium
benzophenonen-Hexane, CHCI,, and pentane were dried and
distiled from CaH. Acetone was freshly distilled from the
appropriate drying agents under nitrogen. THg!3C, and®P NMR

spectra were recorded on a Varian Gemini 300 spectrometer
operating at 300.00, 75.44, and 121.44 MHz, respectively. Chemical

shifts were referenced relative to TMS angPd,. The IR spectra

were recorded on a Biorad FTS-165 spectrometer. Mass spectra

were recorded on a JEOL JMS-SX102A instrument. Elemental
analyses were performed with a Carlo Erba Instruments CHNS-O
EA 1108 analyzer. Calixarerf& [Rh(cothCl],26 [Rh(COXCI],,2”

and trans[PtH(thf)(PPR),]BF,° were synthesized according to
procedures reported in the literature.

(22) Kranenburg, M.; van der Burgt, Y. E. M.; Kamer, P. C. J.; van
Leeuwen, P. W. N. M.; Goubitz, K.; Fraanje Qrganometallics1995
14, 3081.

(23) (a) Baratta, W.; Stoccoro, S.; Doppiu, A.; Herdtweck, E.; Zucca, A.;
Rigo, P.Angew. Chem., Int. EQ003 42, 105. (b) Loeber, C.; Matt,
D.; Briard, P.; Grandjean, DJ. Chem. Soc., Dalton Tran996 513.

(24) (a) Stahl, S. S.; Labinger, J. A.; Bercaw, Jliibrg. Chem 1998 37,
2422. (b) Butts, M. D.; Scott, B. L.; Kubas, G.J.Am. Chem. Soc
1996 118 11831. (c) Wieser, C.; Matt, D.; Toupet, L.; Bourgeois,
H.; Kintzinger, J.-P.J. Chem. Soc., Dalton Tran$996 4041.
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MgSO, and evaporated in vacuo to give the crude product.
Recrystallization from CkCly/n-hexane (1:30, v/v) gave 0.69 g
(98% vyield) of 2 as white crystals. Mp: 264C (dec). IR (KBr
pellet, cnml): 3342, 2932, 1454, 1199, 1087, 1036, 925, 889, 822,
627 cnml. *H NMR (CDCl): ¢ 7.10 (d, 8 H, AHy,), 6.95 (t, 4 H,
ArHp), 3.96 (s, 8 H, ArGl,Ar), 3.61 (t, 8 H, ArOGH,CH,OH),
3.25 (t, 8 H, ArOCHCH,OH). 3C NMR (CDCk): ¢ 156.1, 133.3,
130.5, 122.7, 71.4, 60.8, 38.1 ppm. Anal. Calcd fggHzoOs: C,
71.98; H, 6.71. Found: C, 71.95; H, 6.74.
25,26,27,28-Tetrakis(2-hydroxyethoxy)calix[4]arene Tetra-
tosylate, 1,3-Alternate (3).To a solution of2 (1.00 g, 1.83 mmol)
and p-toluenesulfonyl chloride (2.79 g, 14.6 mmol) in 100 mL of
THF was added dropwise a solution of NaOH (3.66 g, 91.5 mmol)
in 5 mL of water at 0°C. The solution was warmed to room
temperature and stirred for additional 24 h. After removal of THF
in vacuq the crude product was extracted several times with-CH
Cl, (100 mL) and water (100 mL). Recrystallization from ethyl
acetate gave 1.74 g (79% vyield) of tetratosylages a white solid.
Mp: 197-199°C. IR (KBr pellet, cntl): 2926, 1598, 1461, 1361,
1176, 1094, 991, 925, 823, 768, 662 ¢m*H NMR (CDCl): o
7.78 (d, 8 H, AH, tosyl), 7.37 (d, 8 H, A, tosyl), 6.92 (d, 8 H,
ArHp), 6.60 (t, 4 H, AHy), 3.65 (s, 8 H, Ar®i,Ar), 3.64 (t, 8 H,
ArOCH,CH;0), 3.50 (t, 8 H, ArOCHCH,0), 2.47 (s, 12 H, Ar€ls,
tosyl). 13C NMR (CDCk): ¢ 155.2, 145.0, 133.5, 129.9, 129.5,
127.9, 123.1, 67.7, 67.5, 37.0, 21.6. Anal. Calcd feiHg,016S4:
C, 63.14; H, 5.30. Found: C, 63.17; H, 5.30.
25,26,27,28-Tetrakis(2-(diphenylphosphino)ethoxy)calix[4]-
arene, 1,3-Alternate, P,P,P,P)-Tetraphencalix[4]arene (4).To
a stirred THF solution (20 mL) of 3 (200 mg, 0.16 mmol) was
added KPPk (0.72 mmol) at °C. The temperature was warmed
to room temperature, and the solution was stirred for 15 h at that

(25) Tashiro, M.; Fukata, G.; Mataka, S.; Oe, ®rg. Prep. Proced. Int
1975 7, 231.

(26) van der Ent, A.; Onderdelinden, forg. Synth 1990 14, 93.

(27) McCleverty, J. A.; Wilkinson, Glnorg. Synth 199Q 28, 84.
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temperature. The solvent was removed and washed with pentane’C (dec).'H NMR (CD.Cl,): 6 7.58-7.34 (m, 40H, Ph), 6.82

(3 x 5 mL). Column chromatography on silica gel with ethyl
acetate/hexane (1:2) as an eludRt=€ 0.8) gave a white solid in
82% yield. Mp: 202C.'H NMR (CDCly): 6 7.36-7.27 (m, 40H,
PPHh), 6.64 (d, 8H,J = 6.9 Hz), 6.55 (t, 4H,) = 6.9 Hz), 3.52 (s,
8H, ArCH.Ar), 3.46 (t, 8H,J = 6.9 Hz, OCH,), 1.86 (t, 8H, PEl,).
13C{*H} NMR (CDCl): 6 157.6, 154.2, 139.1, 137.6, 133.8 (d),
130.2, 128.3 (d), 122.6, 73.6, 32.6, 28('H} NMR (CDCls):

0 —27.3. Anal. Calcd for gH7604Ps: C, 79.23; H, 6.02. Found:
C, 79.01; H, 5.96.

[Ag{ (P,P,P,P)-tetraphencalix[4]arene} ](BF ), (5). To a stirred
THF solution (10 mL) of4 (0.12 g, 0.094 mmol) was added AgBF
(0.037 g, 0.188 mmol) dissolved in THF (10 mL). The solution
was stirred for 12 h at room temperature. The solution was
evaporated and washed with etherx35 mL). Recrystallization
using CHCI/THF gaveb as white crystals in 70% yield. Mp: 332
°C.*H NMR (CD,Cly): 6 7.58-7.52 (m, 40H, Ph), 6.82 (d, 8H,

J = 6.6 Hz), 6.52 (t, 4HJ = 6.65 Hz), 4.12 and 3.04 (AB spin
system,J = 13.2 Hz, Ar(H,Ar), 3.68 (m, 8H, O®,), 1.52 (m,
8H, PCH,). 13C{H} NMR (CD,Cly): ¢ 158.6, 156.4, 140.3, 137.4,
134.4 (d), 131.6, 127.9 (d), 123.6, 74.2, 33.4, 28B{H} NMR
(CDClp): 0 —12.7 (dd,J*07g_p = 530 Hz,J'%%y_p = 604 Hz).
FAB-MS: m/z 1488 [(M — 2BF,)"]. Anal. Calcd for GsH7¢
Ag,B2FsO4P4: C, 60.68; H, 4.61. Found: C, 60.32; H, 4.48.

[Rho{(P,P,P,P)-tetraphencalix[4]areng ](BF ). (6). To a stirred
THF solution (10 mL) of [Rh(coCl], (74 mg, 0.103 mmol) and
AgBF,4 (40 mg, 0.21 mmol) was adde#l (0.12 g, 0.094 mmol)
dissolved in CHCI, (10 mL). The solution was stirred for 12 h at

(d, 8H,J = 7.5 Hz), 6.54 (t, 4HJ = 7.5 Hz), 4.15 and 3.14 (AB
spin system, 8HJ = 13.4 Hz, Ar(H,Ar), 3.67 (m, 8H, OCl,),
1.21 (m, 8H, P®l,), —6.24 (t with Pt saterllites, 1H}y—p = 156
Hz, Jy—pt = 684 Hz).13C{*H} NMR (CD.Cl,): 6 157.8, 156.8,
135.8, 134.1, 132.4 (d), 131.4, 130.3 (d), 129.2, 72.6, 31.6, 28.2.
S1P{1H} NMR (CD,Cly): 6 3.6 (s with Pt satelliteslp—p; = 3359
Hz). FAB-MS: m/z 1665 [(M — 2BF;)*]. Anal. Calcd for
CgqH7gBoFsO4P,PL: C, 54.96; H, 4.27. Found: C, 55.24; H, 4.41.

[(PtH(CN'Bu))A{ (P,P,P,P)-tetraphencalix[4]arene} |(BF 4)2 (8).
To a stirred CHCI, solution (10 mL) of7 (0.059 g, 0.027 mmol)
was addedBuNC (0.02 mL, 0.14 mmol). The solution was stirred
for 2 h at room temperature. The solution was evaporated.
Recrystallization using Ci€l./hexane gav8 as white solid in 93%
yield. Mp: 187°C (dec).’H NMR (CD.Cly): ¢ 7.53-7.37 (m,
40H, FPh), 7.11-6.60 (m, 12H), 3.68 (s, 8H, Ard,Ar), 3.44 (m,
8H, OCH,), 1.31 (s, 18H, CEl3), 1.15 (m, 8H, PEl,), —12.82 (t,
Jh-p=19.2 Hz,Jy_pt= 926 Hz).13C{H} NMR (CD,Cly); 6 194.4,
157.6, 157.0, 146.2, 136.4, 135.8, 134.8, 134.2, 133.0 (d), 131.8,
130.2 (d), 128.8, 128.1, 72.6, 31.8, 29.4, 22.2, ¥ H} NMR
(CD,Clp): 0 23.1 (Jpr-p = 2834 Hz). FAB-MS: m/z 1831 [(M —
2BF)*]. IR (KBr pellet, cnt) 2187 ¢c=n), 1962 (p—p). Anal.
Calcd for GaHgeBoFgN,O4PsPL: C, 55.77; H, 4.88. Found: C,
55.72; H, 4.84.

X-ray Crystallography. Details of the crystal data and a
summary of intensity data collection parameters4o6 are given
in Table 1. Crystals o—6 were grown from ethyl acetate/hexane,
CH.CI,/THF, and CHCI,/Et,O, respectively. Crystals @6 were

room temperature and filtered. The solution was evaporated andmounted in thin-walled glass capillaries and sealed under argon.

washed with toluene (2x 5 mL) and ether (3x 5 mL).
Recrystallization using CCIL/EL,O gave 6 as reddish-yellow
crystals in 59% vyield. Mp: 192C (dec).'H NMR (CD.Cly): ¢
7.62-7.32 (m, 40H, Ph), 6.94 (d, 8H,J = 6.8 Hz), 6.64 (t, 4H,
J = 6.8 Hz), 4.20 and 3.45 (AB spin system, 8H= 11.2 Hz,
ArCHAr), 3.45 (m, 8H, OCly), 1.62 (m, 8H, PEl,). 13C{H}
NMR (CDJCly): ¢ 158.2, 155.6, 139.6, 137.8, 133.4 (d), 131.6,
129.3 (d), 128.1, 73.8, 30.4, 283P{1H} NMR (CD.Cl,): 6 —12.4
(d, Jrn-p = 538.2 Hz). FAB-MS:m/z 1478 [(M — 2BF,)]. Anal.
Calcd for G4H7¢B-FsO4PsRM: C, 61.04; H, 4.63. Found: C, 60.92;
H, 4.48.

[(PtH) { (P,P,P,P)-tetraphencalix[4]areng |(BF 4), (7). A mix-
ture of [PtHCI(PPh),] (0.13 g, 0.17 mmol) and AgBH0.034 g,
0.17 mmol) dissolved in THF (10 mL) was stirred for 30 min at
room temperature. To that solution was adde(.10 g, 0.079
mmol). The solution was stirred for 12 h and filtered. The solution
was evaporated and washed with THE(% mL). Recrystallization
using CHCI,/Et,O gave7 as white crystals in 62% yield. Mp: 211

The data sets fod—6 were collected on a Bruker Smart CCD
detector single diffractometer. Modradiation ¢ = 0.7107 A)

was used for all structures. Each structure was solved by the
application of direct methods using the SHELX-96 program and
least-squares refinement using the SHELXL-Plus (5.1) software
package. All non-hydrogen atoms in compou#es$ were refined
anisotropically. All other hydrogen atoms were included in the
calculated positions.
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