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The vanous coball(ITy complexes were synthesized and characterized using tris-(2-benzimidazolylmethy Tamine
(ntb) as a ligand where the ntb plavs as a tripodal tetradentate ligand to form complexes with a trigonal py-
ramidal geometry. The complexes have 5 and 6 coordinate cobali(IT) 1ony depending on the additional ligand
used. In each complex the additional ligand. chlonde anion, or acetate anion occupies the "open” site trans to
the apical tertiary nitrogen atom ol ntb ligand. Complex 1, [Co(IDMmth)CI]CT has a tngonal bipyramidal geome-
try. This geometry was easilv constructed using ntb as a tetradentate ligand and chloride as a monodentate li-
gand. The complex 1s 1sostructural to the corresponding manganese(IT) complex. Crystal data are as follows:
[Co(l)(ntb)C1]CT - MeOLl, 1. triclinic space group P1: a=13.324(2) A, b=14.037(2) A, ¢=17.275(1) A; a=
78.798(9). B=84. 139(8)". y=65.504(9)"; V=2929.6(6) A% 7=4: R1=0.0715. wR2 =0.1461 for reflections of [>

20(D). Six coordinate complex 2 [Comib)OAC)T(OAC) was synthesized using ntb as a tetradentate ligand and
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acetate as a bidentate chelating ligand.

Introduction

The metal complexes of tripod-like ligands with a variety
ol ligating groups have been widely investigated, sinee they
may serve as model compounds for the active site of metal-
loproteins’ in addition (o their special chemical, physical,
structural properties.” There has been a considerable amount
of rescarch conducted on the cobalt-substituted metal-
loproteins.” The primary reason {or the substitution, lor ex-
ample cobalt for zine, is the paramagnetism of cobalt and
1ts sensitivity to changes m its coordination geometry that
appear 1 its visible absorption spectra.

Geomelry preference of the tripodal ligand, tris-(2-benz-
mmidazolylmethy Damine(ntb) 15 margmal. Depending on me-
lal 1ons and additional ligands used, various geometrics
have been observed. Both trigonal bipyramidal and oc-
lahedral geometries were observed in manganese’ and zine
complexes.” Ilowever, iron complexes preferred octahedral
geomelry

To date, although many tripodal metal compleses have
been reported, it appears that there are only a lew strue-
turally characterized tripodal cobalt(1l) complexes.” In this
study, we synthesized and characterized various cobalt(IT)
complexes of tripod-like ligand, ntb. These complexes mav
serve as model complexes of the cobalt(IT)-substituted metal-
loproteis where the imidazole portion of the ligand serves
as the model for the histidine residue and the benzene por-
tion of the ligand for the hvdrophobic environment. They
mav also give infermation on the flexibility of ntb ligand
and the geometry preference of the cobalt(IT) 10n.

Experimental Section

Materials. The following were used as received with
no further purification: ntb{Aldrich), cobalt chloride hexa-
hvdrate(Yakur), coball acclate tetrahvdrate (Aldrich), and
methanol (Carlo Frba).

Elemental Analysis. C. 1l N and Co determinations
were performed by the elemental analvsis laboratory of the
Korcan Institute of Basic Science.

IR spectra. Infrared spectra were recorded as KBr pel-
lets m the range 4000-400 em*on a Bio-Rad TT-IR spee-
trometer.

Absorption spectra. Absomption speclra were oblain-
ed in methanel on a Perkin Elmer Lambda 7 UV spec-
trometer.

Mass spectra. Positive ion FAB mass speetra were
obtained using a JEOL IIXI10A/ALX]I0A Tandem Mass
Speetrometer in 3-nitrobenzy ] alcohol matnx.

Magnetic Susceptibility Measurements. Room
temperature magnetic susceptibilities were made on well
ground solid samples using an Evans balance. The meas-
urcnients were calibrated using Hg[Co(SCN),] standard.

Synthesis. [Co(IDMbYCNCL 1. 0.407 g (I mmol) of
nth was added o 20 ml. of mecthanol in a 100 ml. Tir-
lenmever Hask. When 0.235 g (I mmol) of cobalt(Tl) chlo-
ride hexahvdrate was dissolved in 5 mL of methanol in 50
ml, tlask, the solution was purple. The cobalt chloride solu-
tion was added to the ligand solution over a one-minute
period. The muxture solution was stirred for five minutes.
Alter slow evaporation ol the solution tor two days, pale
purple rectangular crvstals suitable for crvstallographic
study were obtained (0.405 g, 68% vield). Anal. Caled for
[CoID(tHCCT - HOCoC, H,N.OCL): C, 4875 H, 4.60:
N, 16.38: Co, 9.97%. Found: C. 4885 1L 4.53: N. 16.27:
Co, 9.72%. TADB (Fast Atom Bombardment) mass spectrum:
m/z of [Cotmtt)Cl]. 500.9: [Co(ntb)-LI]". 463.0. 1 o 4.62
BM. A . (£), 334 nm {290 L/mol - ¢cm): 591 nm(272 L/mol -
cim ).

[ComtbOA)(OAc) 11O, 2. Complex was prepared
similarly to that for [Co(IT)(nth)CHCI, 1. 0.407 g (1 mmol)
of nth was dissolved in 20 ml. of methanol and 0.249 ¢ (|
mmol) of cobalt(Il) acetate tetrahvdrate was disselved using
10 ml. ot methanol 1 another tlask. Two solutions swwere
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mixed and stirred. ‘The mixture turned to a pink colored tur-
bid solution. After one hour of stirring the solution was filt-
cred. Aller slow evaporation ol the [iltrate solution for two
davs, pale pink colored needles were obtained (0.29 g. 43%
vield). Anal. Caled for [Cofntb)}OAC)](OAc) - HO (CoC -
H,N.O): C, 52.67: 11, 5.21: N, 15.35: Co, 9.23%. Found:
C, 532.35: H. 5.16: N, 15.35. Co, 9.78%. FADB mass spec-
trum: m/z ol [Co(ntb)OQAC)]', 323.2. m/z of [Co(utb)-H].
463.1 1R; 1375 em*and 1545 em”(shoulder). 1400 e¢m’
for two acctate jons. U2 4.65BM. A, (€). 529 nm (214 L./
mol - em). 390 mm {174 Lamol - em).

Crystallographic Data Collections and Re-
finements of Structures. Crystal I loses its structural
solvents withm a minule. Crystal 1 was mounted i the
glass capillary with mother liquor to prevent the loss of the
structural solvents during data collections. Preliminany ex-
aminations and dala collections were performed with Mo
Ko radiation (A=0.71069 A) on an Fnral-Nonius CAD4
computer controlled kappa axis ditfractometer equipped
with a graphite crvstal. incident beam monochromator. Cell
constants and orientation matrixes for data collections were
obtained trom least-squares refinement, using the setting an-
gles of 23 reflections. Data were collected at a room tem-
perature using @ scan technique. Three standard relleetions
were monitored every hour and no intensity variations were
monitored. Torent, and polarization corrections were ap-
plied to the data. No absorption comrections were applied to
the data. The structure was solved by direct method using
SHELXS-86™ and refined by full-matrix least-squares with
SHELXI.-93.™ All non-hvdrogen atoms were relined an-
isotropicallv: hydrogen atoms were ridden on a geonietr-
ically ideal position with 1.2 times isotropic lemperature lac-
tors of the attached non-hvdrogen atoms,

Details on crystals and mtensity data are given in Table 1

Results and Discussion

Five Coordinate Cobalt{Il}) Complex. |Co(ll)ntb)
Cl1JCL, 1 could be synthesized using cobalt(ll) chloride as a
metal source and ntb as a neutral tnpodal (etradentate hi-
gand, Crystal structure showed (wo ervstallographically in-
dependent but chemicallv identical molecules. An ORTEP
drawing of one of these molecules (complex 1) 1s shown in
Figure 1. The neutral tripodal tetradentate ligand forms trig-
onal pyramidal geometry with the cobalt(ll) ion and the
monodeniate chloride anton occupies the remaining "open”
axial position to Minish the trigonal bipyvranudal geometiy.
Another chloride anion exists as a counter ion., The charge
balance of the crystal structure and the magnetic sus-
ceptibility measurement suggest that the oxidation state of
cobalt ion 1s +2. FAB mass spectrum of complex 1 gave a
peak at 500.9 of m/z for [Co(mh)CI]. The average bond
distance between the cobalt 1on and the apical nitrogen
atom (N1)1s 2.396 A {(2.384(6) A and 2. 407(3) A) and 18
about 0.36 A longer than those between the cobalt fon and
the trigenal basal nitrogen atoms (2.029(6) A-2.033(6) A,
avg= 2.0401&:) (Table 2). This significant clongation is also
observed n other cobalt complexes of tripodal tetradentate
ligand with a benzimidazolvlmethvl group.” Similar elon-
galions are also ebserved In manganese, zine, and iron com-
plexes ol analogous ligands.™ The average bond angle (N~
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Co-N,) of apical nitrogen atom (N,), cobalt ion, and trig-
onal basal nitrogen atom (N,) 1s 73.4". "The cobalt ion is
0.51 A above the tngonal basal plane. The (ifth ligand chlo-
ride anton 1s located trans to the apical nitrogen, and the
bond angle N -CO-Cl 15 178.5". An 1sostructural manganese
(I1y complex has recently been known (Table 2).° The av-
erage bond distance of the cobalt complex is about 0.11A
shorter than that of the comresponding mangancese complex.
This ditference in the bond distance is due to the ditterence
of the metal size. The 1omie radius of a high spin five coor-
dinate d cobalt ion is 0.67 A\-\:hcrc‘a.\'. ol a high spin five
coordinate d'manganese ion is 0.75 A8

Six Coordinate Cobalt(I) Complex. |Co(ntb)
(OAC)(OAC), 2 was svathesized similarly to that for com-
plex 1 using cobalt(ll) acetate as a metal source. Magnetic
suseeptibility measurement suggests that complex 2 also has
a high spin cobalt(1l) ion. IR spectrum of complex 2 is very
similar o that of complex 1 exeept lor additional broad ace-
tate peaks at 1375 c¢cm”’. 1345 cm’(shoulder) and 1400
¢ m’. FAB mass spectrum of complex 2 shows m/z of 525.3

Table 1. Crystal data and structure retinement tor [Co(nth)Cl]
Cl - MeOH, 1

Empirical formula CoC H.NOCI

Formula weight 601.39

Temperature 293(2) K

Wavelength 0.71069

Space group Pl

Tmt cell dimensions a=13.524(2) A alpha=78.798(9y
b=14.037(2) A beta=84 [59(8)
¢=17.275(1) A gamma=63.504(9)

Volume 2926.6(6) A?

7. 4

Crystal size (.20 % 0.40 x 0.70 mm

6 range lor data colleetion  1.20 to 22.48°
Independent rellections 7644

Goodness-of-fit on I 1.148

Final R indices [1>26(DIRI=0.0715, wR2=0.1461
R indices (all data) R1=0.1072. wR2=0.160)2
Largest ¢lifl. peak and hole 0.324 and —0.267 ¢. A *

Figure 1. An ORTEP drawing of complex 1, [Co{Il)}ntb)CI] .
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Table 2. Comparison of the bond lengths [A] and angles [ ] tor [Co(ntb)CICI - McOH. 1 and [Mn(ntb)C1]C1”

Cot] )-N(1) 2.384(6) 2.407(3) Mn(1)-N(1) 2.519(8) 2.501(9)
u;( 13-N(2) 2.039(0) 2.051{6) Mu(1)-N(2) 2.137(8) 2.169(10)
Co( 1)-N(d) 2.055(6) 2.030(6) Mn(1)-N(d) 2.149(9) 2.162(9)
Col1)-N(6) 2.029(6) 2.033(5) Mn(1)-N(6) 2.166(8) 2.154(10)
Co 1-CI(1) 2.288(2) 2.296(2) Mun(1)-Cl(1) 2.363(3) 2.357(4)
N(2)-Co(] )-N(1) 75.8(2) 75.8(2) N(2)-Mn(1)-N(1) 72.7(3) 72.9(3)
N(-Cog] )-N(1) 74.8(2) 75.7(2) N(4)-Mn(1)}-N(1) 73.1(3) 73.6(3)
N(6)-Cog] )-N(1) 75.5(2) 74.9(2) N(6)-Mn(1}-N(1) 72.6(3) 73.6(3)
Cl(1-Cof 1)-N(1) 177.9(2) 179.1¢2) N()-Mn(1)-N(2) 17.9(3) 117.0(4)
N(2)-Co{1)-N{4) 110.5(2) 115.4(2) N(6)-Mn(1}-N{2) 111.4(3) 107.0(4)
N(6)-Co(] )-N(2) 112.7(2) 109.1(2) N(6)-Mn(13-N(4) 105.4(3) 112.3(3)
N(2)»-Co(1)-CI{ 1) 106.2(2) 103.5(2) N(Z)-Mn{1-Cl(1) 106.5(3) 103.9(3)
N{6)-Col 1)-N(4) 118.2(2) 117.2(2) N{d}-Mn(1)-Cl( 1) 109.4(3) 105, 2(%1
Nid)-Cof 1»-CI(1) 103.9(2) 104.1(2) N(6)-Mn{1)-Cl(1) 105.5(3) 11003
N(6)-Co(1)-Cl( 1) 104.002) 106.0(2) CI(1}-Mn(1)-N(1) 177.3(2) 175.1(3)
disp. * 0.516(4) 0.512(4) 0.635(5) 0.619(6)

“displacement of metal ions {Tom N2 N4 and N6 atom plane

Figure 2. Proposed structure for complex 2, [Co(ll}ntb)OAc)] "

tor [Co(ntb)OAc)]”

Recently the same tripodal ligand ntb manganese com-
plex with a chelating hidentate accetate group, [Mn(IT)(nth)
(OA)]CL, was reported.™ ntb formed the trigonal pyramidal
geomelry with mangancse 1on n the complex, and the re-
maining "open” axial site of the complex was occupied by
a chelating hidentate acetate amion. The complex has a six-
coordinate mangancse geomelry. The comparison of the
IR spectra of both cobalt(ll) and manganese complexes,
the separations of acetate peaks (173 em’and 143 c¢m’
for complex 22 130 em™ for [Mn(ID(nb)}OAC)]') and the
mass spectra of the cobalt complexes suggest that both me-
tal complexes are isostructural to each other except the
counfer 1ons. The mangancse complex binds the acelale
ion at the "open” axial position as a chelating bidentate li-
gand. Presumably, the complex 2 hinds the acetate 1on at
the same location, as shown in Figure 2.

Geometry preference of the tripodal ligand, ntb 1s mar-
gmal. The cobalt(11y complex could have various geometries
depending on the location of additional ligands. In the pres-
cnee of chloride anions the complex has trigonal bi-
pyramidal gecometry. Tn the presence of a hidenlale acetate
anion the complex has trigenal pvramidal partial geometry
with additional hgand coordinated al the trans "open” sile.

Howcever, in the presence of isothiothianate anion the com-
plex has distorted octahedral geometry.” Similar behavior
has been observed in the corresponding  mangancese
complexes.” Iron(IIl) complexes, however, preferred dis-
torted octahedral geometry.” Dinuclear iron{Ill) complex,
[Fe(TTTy,(nth),0C1,]" had distorted octahedral iron centers.
The complexes of tripodal ligand, ntb could have various
geometrics depending on the metal used and the additional
ligands coordinated.

Acknowledgment. We wish to thank the Korean In-
stitute of Basic Science lor clemental analyses and mass
spectra, and National Institute of Technology and Quality
for the use of an X-rav diffractometer. This work was sup-
ported by the Basic Rescarch Institute Program. Ministry of
Education, Republic of Korea (grant No. BSRI-96-3443)
and Hanyang University.

Supporting Information Available. Tables giving
atomic coordinates, bond lengths, bond angles, and an-
1sotropic thermal parameters for non-hyvdrogen atoms and
atomic coordinates tfor hvdrogen atoms of 1 (12 pages) and
an ORTEP drawing with complete atomic numbering of 1
15 available. Supplementary materials are available trom M.

S. Lah.
References

1. (a) Chicu, Y.-M., Que. L., Jr. J. Am. Chem. Soc. 1995,
177 3999-4013. (b) Cummins, C. C.. Schrock, R. R
Iorg. Chem. 1994, 33, 393-396. (¢) Fujisawa, K.. Ta-
naka. M. Moro-oka, Y.. Kitajima, N..J. dm. Chem. Soc.
1994, 716, 12029-12080. (d) Koolhaas, G. J. A. A..
Driessen. W. L. Reedjik, J.: Kooiiman. 1L: Spek. A. L.
J. Chem. Soc.. Chem. Commun. 1995, 517-518. (¢) Nan-
da, K. K. Sinn. E.: Addison. A. W. Tnorg. Chem. 1996,
33, 1-2. () Govindaswamy, N Quarless, T). AL, Tr:
Koch, S. AL J i Chem. Soc. 1995, 117, 8468-8469.
(2) Bernal. I: Jensen, I M.: Jensen. K. B.: McKenzie,
C. 1. TotUlund, H.: Tuchagues, 1.-P. L. Chem. Soc.. Dai-
tows Trans. 1995, 3667-3675.

2. (a) Shih. K.-Y.: Schrock. R, R.. Kempe. R. J .ta.



Sefective Acvl and Afhvlation of Monobenzov! Calix{dfarene

Chem. Soc. 1994, 116, 8804-8805. (b) Cummins, C. C.:
Schrock. R R Davis, W. M. Jnorg. Chem. 1994, 33,
1448-1457. (¢) Nugent, W. A Harlow, R L. J dan
Chem. Soc. 1994, 116, 6142-6148. (d) Zang. Y .. Dong,
Yo Que 1. Jr. J Am Chem. Soc. 1995, 117, 1169-
1170, (&) Gou, 5.2 You, X.o Yu, K.: Lu, I fnorg. Chem.
1993, 32, 1883-1887. (I Chin, I.. Banaszerzyk, M. Tu-
bim, Voo Zou, X J Am Chem. Soc. 1989, 111, 186-
190. (g) Tunshawe, R. L. Blackman, A G, frorg.
Chem. 1995, 34, 421-423.

3. Vila, A. . Fernandez, C. O. J. Am. Chem. Soc. 1996,
118, 7291-7298.

4. (a) Goodson, P. AL Oki, A, R.: Hodgson, D. 1. Tnorg.
Chim. Acta 1990, 177, 59-64. (b) Oki. A. R.. Bom-
marreddy, P. R.: Zhang, H.: Hosmane, N. 7rorg. Chim.
Aot 1995, 231, 109-114. (¢) Takahashi, K.: Nishida, Y .:
Kida, 8. fnorg. Chim. dcta 1983, 77, 1LI83-L18G. (d)
Takahashi, K. Nishida, Y.: Kida, S. Bull. Chem. Soc.
Jpn. 1984, 37, 2628-2633. () Lab. M. S0 Chun, 11
fnorg. Chem. In press.

5. (a) Hartmann, U.. Gregorzik, R.: Vahrenkamp, 11. Chem.
Ber. 1994, 127, 2123-2127. (b) Gregorzik, R.: [lartmann,

Bufl Korean Chem. Soc. 1997, Vol. 18, No. 4 409

U.. Vahrenkamp, H. Chen. Ber. 1994, 127, 2117-2122.

6. (a) Nishida, Y.. Watanabe, [.. Unoura, K. Chem. Lent.
1991, 1517-L1520. (b) Wang, S.. Luo, Q.. Wang, X..
Wang. L. Yu. K. J. Chem. Soc., Dalton Trans. 1995,
2045-2055. (¢) Buchanan, R. M. O'Brien, R. ..
Richardson, [. F.. Latour J.-M. frorg. Chim. Jlcta 1993,
244, 33-40. (d) Nishida, Y.: Nasu, M.: Toku, T. Tnorg.
Chim. Acta 1990, 169, 143-145. (¢) Adams, 11.. Bailey,
N. A Crane, I, D2 Fenton, D. E.: Latour, J.-M.: Wil-
lhams, J. M. L Chem. Soc., Dalton Trans. 1990, 1727-
1735, () Gomez-Romero, .. Casan-Pastor, N.: Ben-
Hussemn, A Jameson, G. B Am. Chem. Soc. 1988,
110, 1988-1990.

7. (a) Sheldrick, G. M. dcta Crustallogr. 1990, . 146, 467-
473, (b) Sheldrick, G. M. SHELXLY3: University of G
ttingen: Gttinggen, Germany, 1993,

8. Shammon, R. D). Hewa Cryse. 1976, 432, 751-767.

9. Thompson. L. K.: Ramaswamy. 3. S Sevmour, E. A
Can. J. Chem. 1977, 33, 878-888.

10. Sakurai, T.: O, H: Nakahara, A, Tnorg. Chim. Acra
1984, 92, 131134,

Selective Acyl and Alkylation of Monobenzoyl p-tert- Butylcalix[4]arene

Jong Min Kim, Jong Chul Chun, and Kye Chun Nam*

——

Department of Chemistry, Chonnam National University, Kwangju 300-737, Korea
Received Januwary 31, 1997

Several calixarene derivatives of 3,11.17.23-tetra- ters -buty1-23-(3,3-dinitrobenzovloxy)-26,27.28-trihvdroxyvealix

[4]arene 2 were synthesized by the reaction ol 2 with several acyl and alkylating agents in the presence off
basc such as pyridine and K,CO,1n THE. Acylation ol monobenzovlated p-resr- butylealix[4]arene 2 vielded
their corresponding 1,3-diacylated calix[4]arenes 3a-3g. On the other hand. alkyvlation ol 2 produced a variety
cabx[4]arene denvatives such as 1,2- and 1 3-disubstituted calix[4]arenes da-de, de-4f, or .2 4-trisubstituted
calix[4]arenc 4d. 1. 2-Disubstituted calix[4]arenes are chiral. All derivatives exist as a cone conlormation based

on NMR studies.

Introduction

Guische and his coworkers™ discovered the selective esle-
rification of p-rer- butylealix|4]arene by the reaction ot 3.3-
dinitrobenzoyl chloride sith calixarene in the presence of
hase. They reporied that under the carctully controlled reac-
tion conditions one monoester, two diesters (1.2- and 1.3-
disubstituted) and one triester could be prepared selectively.
By laking advantage ol the reaction of the preparation of
moneester, we recentlv published the synthetic procedure’
for the monoalky] calix[4]arene and the selective acy lation’
of calix|4]arene. To further extend the chemistiv of selec-
tve functionalization ol calix[4]arene we ulihzed the une-
tion of bulky group such as 3,5-dinitrobenzov] at the lower
rim and p-fers- butvl group at the upper rim of calixarene tor
the selective mtroduction of the different second and third,
and possibly the fowrth substituents at the lower nm ol

calixarene.

For the imtroduction ol sccond substituents, 3.11.17.23-
letra- terr -buty1-25-(3.5-dinitrobenzov loxy )-26,27 28-trihy -
droxyealix[4]arene("23-monoester 2 ") was treated with sev-
cral different acyl as well as alkyl halides in the presence of
base, which produced ester and cther substituents i one
calixarene. For the reaction of acvl halides all 1.3-disub-
stituted calixarenes were obtained as expected, but a variety
of products such as 1.2-(chiral), 1.3-disubstituted and 1.2.4-
trisubstituted calix[4]arenes were obtained for the reaction
of alky| halides.

Results and Discussion
Acylation of Manaobenzaoylated Calix[4]arene 2.

Since it is not possible to intraduces™ directly two ditterent
acyl groups between the tour hydroxy moitics at the lower



