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Pd(I)- and Pt(I)-Linked Tetranuclear Complexes
as Assembly Units for Higher Ordered Structures
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The formation of ---Pt(I)- - -Br—Pt(IV)- - - mixed-valence complexes was utilized for the assembly of square com-
pounds, [(en)M(4,4'-bpy)]s(NO3)s (1-(NO3)g; a: M = Pt(Il), b: M = Pd(ID), 4,4'-bpy = 4,4’-bipyridine), into higher
ordered infinite complexes. The reaction of 1%* with cationic Pt(IV) complex, [PtBra(en),1** (2°%), afforded a 1 : 3 complex
1a-(2);'**. Crystallographic analysis of this complex showed that two moieties of 2°* bridged at the cis corner of 1a®*
-making a stair-like infinite network, whereas another moicty of 22" was accommodated in the cavity of 1a®*. On the other
hand, complexation of 1b with anionic Pt(IV) complex, PtXs*~ (3°7; a: X = CL, b: X = Br), afforded a 1:4 complex
1-(3)s. UV-vis observations suggested the formation of a linear tube structure, in which each corner of 1%* is bridged by

the linear X—Pt—X motif of 3%~.

Pd(I)- and Pt(Il)-linked square complexes such as 13*
are prototypical compounds among a family of tetranuclear
square complexes in which transition metals provide 90 de-
gree angles at every corner of the square.! A way of mod-
ifying this structure into an organic soluble one has been
developed recently.” Introduction of functional groups such
as chiral biphenyls, calixarene, porphyrins, nucleic acids,
and crown ether units into the square is also reported.>* A
Pd(Il)-Re(I) bimetallic square shows luminescent property.*
However, the simple square structure has never been em-
ployed as a building block for higher dimensional structures
except 4,4’ -bpy bridging coordination grids.” Thus, we stud-
ied the accumulation of square complexes 13* into higher
ordered infinite complexes via formation of - - -Pt(I)- - - X—Pt-
(IV)--- (X: halogen) mixed-valence complexes. Mixed-va-
lence one-dimensional materials, easily obtained by mixing
M(I)L4 and M(IV)L4 X, salts, are of special interest because
of their specific physical properties such as conductivity and
non-linear optical activities.> We describe here how the com-
plexes 1% assemble into stair and tubular networks upon
complexation with Pt(IV) species 22* and 3a>~ or 3b%>~ re-
spectively (Chart 1).
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Results and Discussion

Reaction of 1a®* with Pt(IV) Complex [PtBr;(en);]Br,
(2:Br3). It is well-known that the reaction of (en),Pt**
with 22* gives mixed-valence one-dimensional {[(en),Pt]-
[PtBry(en);]},**. Thus it is anticipated that 1a®* will react
with 2%* in a 1:4 stoichiometry, giving a one-dimensional
tubular network. However, when 1a-(NO3)g was treated with
four equivalents of 2-Br, in 5 M NaNO; aqueous solution
(1 M = 1 moldm™3), these components reacted in a 1:3
stoichiometry, giving complex [1a-23](NO3);4-6H,0 (4) as
yellow crystals (64% isolated yield). The ratio of molecular
components of 4 has been determined by elemental analysis
and 'HNMR. Even the use of larger amount of 2-Br, (6
equiv) resulted in the formation of the same product in 91%
isolated yield. Solid state UV-vis spectrum of 4 shows a
new absorption band at 420 nm which was not observed in
solution. Thus, this absorption indicates a possible charge
transfer interaction between Pt(ID)-Pt(IV) through the halo-
gen atoms.

The X-ray analysis of 4 showed that two moieties of
2%* bridged the cis corner of 1a%* forming a stair-like net-
work. The third moiety of 2°* acted as a guest molecule
and occupied the cavity of molecular square 1a®* (Figs. 1a
and 1b). The geometry of 1a®" was similar to that of the
corresponding Pd(IT) complex 1b%* whose crystal structure
was reported.'® The distance of Pt(I)-Br (3.22 and 3.37
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Fig. 1.

(a) ORTEP drawing of 4. Pt(1)-Pt(2), 11.09 A; Pt(1)-Pt(2'), 11.12 A; Pt(1)-Br(5), 3.22 A; Pt(2)-Br(6), 3.37 A; Pt(4)-Br(5),

2.43 A; Pt(4)-Br(6), 2.44 A; Pt(3)-B1(7), 2.43 A. Counter ions and water molecules are omitted for clarity. (b) Stair-like structure

of 4.

A) was slightly longer than that of typical [PtBry(en),][Pt-
(en),]-4(Cl0y4) complex (3.006 A),% indicating a weaker in-
teraction between Pt(IV) and Pt(I) through bromine atom.
As a result of Pt(Il)---Br—Pt(IV) interaction, a rectangular
grid was formed which has no free space.

Stair-like networks run along b axis and stack such that
there was a herringbone pattern of 4 grids (Fig. 2). The

Fig. 2.
H,0 molecules were omitted because some of them are
disordered.

Top view of the layer structure of 4. NO;~ and

inter-stair separation in the herringbone layer was 9.7 A.
Counter ions and water molecules were found in between
stairs, forming an infinite hydrogen bond networks with NH,
groups of 2%+,

Interestingly, a cationic molecule 2** was accommodated
by cationic host 1a®* (Fig. 3). This unusual “cation-in-
a-cation” structure may be stabilized by NO;~ and H,0

Fig. 3. Top view of the molecular square 1a®" with encap-
sulated cationic guest 2°*.
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networks existing in between the layers, though the details
remain unclear due to the partial disorder of the counter
ions and solvents. The perfect match of their shape and
size, as found in Fig. 3, should be also important to override
unfavorable electrostatic effect.” On the other hand, 1a®*
and 2%* dissociated in the solution. The NMR measurement
showed that the chemical shifts of 1a®* and 2%* prepared by
dissolving crystal of 4 in D,O were identical to those of sole
compounds.

Reactions of 1 with PtCls>~ (3a?~) and PtBrs?>~ (3b%7).
Reactions of 13 and anionic Pt(IV) complexes such as
PtCls>~ (3a®~) and PtBrg>~ (3b>~) were also attempted.
An aqueous solution of 1-(NOs)g and an aqueous solution
of potassium salts of 32~ were mixed in 1:5 ratio. Imme-
diately, colored insoluble powder precipitated. Elemental
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analysis of the product showed the formula of 1-(3)4, and
yields of product were 92—97%. Even the use of large ex-
cess of 32~ (16 equiv) resulted in the formation of the same
products. The products were characterized by UV-vis and
elemental analysis. The UV-vis spectrum showed new ab-
sorption bands which indicate the existence of interaction of
Pd(II) and Pt(IV) (e.g., 390 and 490 nm for 1b-(3a),) (Fig. 4),
suggesting that each corner of 1%* is bridged by the linear
X-Pt(IV)-X motif of 3*~. From these observations, we
propose the assembly of square 13* into polytube structures
such as 5 and 6 or their hybrid that involve one-dimensional
Pt(I)- - - X-Pt(IV)—X- - - chains (Chart 2).

Conclusion

Novel stair-like and tubular structures were prepared by
two stage self-assembly process. In first stage, M(NO3),(en)
(M: Pt or Pd) and 4,4'-bpy are assembled into square com-
plexes 18*. In the second stage, the square 13+ and Pt'VL,X,

Fig. 4. UV-vis spectrum of 1b-(3a)..

are assembled into higher dimensional supramolecular struc-
ture through M(II)- - -halogen—Pt(IV) interaction. Moreover,
the present report demonstrated that formation of halogen-
bridged mixed valence complex can be used for aggregation
of metal containing supramolecules.

Experimental

Materials. Compound 1a-(NO3)s'?, 1b-(NOs)s, ' and 2-Br,*
were prepared according to reported procedures. Potassium salts of
3a”~ and 3b*~ are commercially available.

Preparation of 4. An aqueous solution (1 cm®) of 1a-(NOs)s
(0.05 mmol) and 2-Br; (0.2 mmol) was treated with NaNOs (425
mg) at room temperature. A trace amount of insoluble material was
filtrated and the clear yellow solution was allowed to stand for 1 d.
Yellow crystals which appeared were collected and dried in vacuo
to give 4 in 64% yield. Mp 224—227 °C (decomp); 'HNMR (500
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MHz, D,O, TMS as an external standard) 6 = 8.90 (d,J = 5.6 Hz,
16H, PyHa), 7.86 (d, J = 5.6 Hz, 16H, PyHb), 3.11 (t,J = 13.7 Hz,
24H, —CH»-), 2.86 (s, 16H, ~CH,~); IR (KBr) 3449, 3045, 1618,
1385, 1173, 1138, 1053, 826 cm™'; Elemental analysis: Calcd for
C60H124BI‘6N42042Pt7'6H202 C, 17.81; H, 309, N, 14.54%. Found:
C, 17.78; H, 3.05; N, 14.43%.

X-Ray Crystallographic Analysis of 4. Single crystals
of 4 were obtained by slow diffusion of the aqueous solution (1
cm®) of 1a-(NO3)s (25 mM) and 2-Br, (100 mM) into an aqueous
solution of NaNO; (10 M, 1 cm’) at room temperature for 3 d.
X-Ray data for 4: CgoHi24BrgNaus O Pt7-12H,0, M = 4190.80,
monoclinic, space group P2i/c; a = 20.648(4), b = 16.205(3),
c=19.397(3) A, B = 111.031(11), V = 6057.8(18) A>; pearc = 2.278
gcm_3, Z = 2; F(000) = 3956; u(Mo Ka) = 10.134 mm™!; erys-
tal size = 0.4x0.25x0.25 mm; temp 293 °C; 25113 reflections
collected, 10175 (I > 20(I)) reflections observed; R; = 0.0434;
wRy = 0.1185. The data were collected on a Siemens SMART/CCD
diffractometer. Diffraction data were corrected for absorption us-
ing the SADABS® program. SHELXTL® was used for the structure
solution and refinement was based on F*. All non-hydrogen atoms
were refined anisotropically. Hydrogen atoms were fixed in cal-
culated positions and refined isotropically with thermal parameters
based upon the corresponding C-atoms [U(H) = 1.2 Ueq (C)]. Crys-
tallographic data have been deposited at the CCDC, 12 Union Road.
Cambridge CB2 1EZ, UK and copies can be obtained on request,
free of charge, by quoting the publication citation and the deposition
number 134340. The complete data are deposited as Document No.
72041 at the Office of the Editor of Bull. Chem. Soc. Jpn.

Preparation of 1a-(3a)s, 1a-(3b)4, 1b-(3a)4, and 1b-(3b)s. An
aqueous solution (1.0 cm’) of 1 (0.02 mmol) was added into an
aqueous solution (10 cm’) of 3 (0.1 mmol) at room temperature.
Colored products were collected by filtration and dried in vacuo.
The ratios of water were calculated from elemental analysis data.

la-(3a)s:  Brown solid, 95%, mp > 300 °C. IR (KCI) 3202,
1616, 1421, 1221, 1047, 820, 665 cm™'. Elemental analysis: Calcd
for C4sHeaN16ClsPts- 13H,0: C, 16.42; H, 2.58; N, 6.38%. Found:
C, 16.40; H, 2.58; N, 6.38%.

1a-(3b)s:  Dark brown solid, 92%, mp 288—291 °C (decomp).
IR (KBr) 3198, 1614, 1420, 1217, 1047, 816, 667 cm™". Elemen-
tal analysis: Calcd for C4sHeaN16Br24PdsPts-20H,O: C, 12.26; H,
2.23; N, 4.76%. Found: C, 12.32; H, 2.01; N, 4.81%.

1b-(3a)s:  Yellow powder, 96%, mp 284—287 °C (decomp).
IR (KCI) 3213, 1612, 1418, 1219, 1059, 816, 658 cm™~'. Elemen-
tal analysis: Calcd for C4gHgsN16CloaPdsPts-13H,0: C, 18.27; H,
2.87; N, 7.10%. Found: C, 18.14; H,2.73; N, 7.12%.

1b-(3b)s:  Orange powder, 97%, mp 234—237 °C (decomp).
IR (KBr) 3205, 1611, 1418, 1218, 1057, 814, 659 cm™'. Elemen-
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tal analysis: Caled for CagHeaNi6BraaPdsPts-14H,0: C, 13.59; H,
2.19; N, 5.28%. Found: C, 13.28; H, 1.82; N, 5.32%.

References

1 a) M. Fujita, J. Yazaki, and K. Ogura, J. Am. Chem. Soc.,
112, 5645 (1990). b) M. Fujita, J. Yazaki, and K. Ogura, Tetrahedron
Lett., 32, 5589 (1991). ¢) M. Fujita, J. Yazaki, and K. Ogura, Chem.
Lett., 1991, 1031. d) M. Fujita, O. Sasaki, T. Mitsuhashi, T. Fujita,
J. Yazaki, K. Yamaguchi, and K. Ogura, Chem. Commun., 1996,
1535.

2 a)P.J. Stang and D. H. Cao, J. Am. Chem. Soc., 116, 4981
(1994). b) P. J. Stang and B. Olenyuk, Acc. Chem. Res., 30, 502
(1997).

3 a) C. M. Drain and J.-M. Lehn, J. Chem. Soc., Chem. Com-
mun., 1994, 2313. b) H. Rauter, E. C. Hillgeris, A. Erxleben, and
B. Lippert, J. Am. Chem. Soc., 116, 616 (1996).

4 R. V. Slone, D. I. Yoon, R. M. Calhoum, and J. T. Hupp, J.
Am. Chem. Soc., 117, 11813 (1995).

5 a) R. W. Gable, B. F. Hoskins, and R. Robson, J. Chem.
Soc., Chem. Commun., 1990, 1677. b) M. Fujita, Y. J. Kwon, S.
Washizu, and K. Ogura, J. Am. Chem. Soc., 116, 1151 (1994). ¢) S.
Subramanian and M. J. Zaworotko, Angew. Chem., Int. Ed. Engl.,
34, 2127 (1995). d) P. Losier and M. J. Zaworotko, Angew. Chem.,
Int. Ed. Engl., 35, 2779 (1996).

6 a) N. Matsumoto, M. Yamashita, and S. Kida, Bull. Chem.
Soc. Jpn., 51, 2334 (1978). b) M. Yamashita, Y. Kida, Y.
Hamaue, and R. Aoki, Inorg. Chim. Acta, 52, 43 (1981). ¢) G. C.
Papavassilliou and D. Layek, Z. Naturforsch., B, 37b, 1406 (1982).
d) M. Yamashita, H. Ito, K. Toriumi, and T. Ito, Inorg. Chem., 22,
1566 (1983). ¢) M. Yamashita and I. Murase, Inorg. Chim. Acta,
97, L43 (1985). f) M. Yamashita, I. Murase, I. Ikemoto, and T. Ito,
Chem. Lett., 1985. 1133. g) K. Toriumi, M. Yamashita, S. Kurita, I.
Murase, and T. Ito, Chem. Lett., 1985. 1133.

7 There are several examples of metal linked cyclic receptors
encapsulating anions and electron rich molecules. a) B. Hasenknopf,
J.-M. Lehn, N. Boumediene, A Dpont-Gervais, A. V. Dorsselaer,
B. Kneisel, and D. Fenske, J. Am. Chem. Soc., 119, 10956 (1997).
b) R.-D. Schnebeck, E. Freisinger, and B. Lippert, Angew. Chem.,
Int. Ed. Engl., 38, 168 (1999). c) A. W. Schwabacher, J. Lee, and H.
Lei, J. Am. Chem. Soc., 114, 7597 (1992). d) M. Fujita, S. Nagao,
M. Tida, K. Ogata, and K. Ogura, J. Am. Chem. Soc., 115, 1574
(1993). See also Ref. 1c.

8 G. M. Sheldrick, “SADABS,” Univ. Gottingen (1996).

9 G. M. Sheldrick, “SHELXTL, Release 5.03,” Siemens
Analytical X-Ray Instruments Inc., Madison, WIS (1994).




