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Radical Double Helicates of Silver Imino

Table 1. Crystallographic Data

Nitroxides, [Ag2(pyrd-im2) ](PFg)2-2CH30H and 1 2
[Ag 2(bDY'im2)2](PF6)2'CH SOH empirical formula  GgHeoAG2F12N1206P2  CagHeaAG2F12N1205P2
L - . . fw 1286.84 1406.80
Hiroki Oshio,* Taira Yaginuma, and Tasuku Ito T(°C) —80 80
Department of Chemistry, Graduate School of Science, ZFEZ():e group 1C; g;g-(g)) '32%0251’:1‘?5-)61)
Tohoku University, Aoba-ku, Sendai 980-8578, Japan b(é) 32.668(3) 29.650(5)
; c(R) 13.718(4) 14.509(5)
Receied Naember 24, 1998 5 (deg) 110.95(2)
. V (A3) 5315(3) 11548(5)
Introduction 7z 4 8
Supramolecular chemistry of coordination compounds is the ’I(A)( o) g'g}lg 3 ;’-gig 3
subject of intense research interkdt. has been known for Pealc (Q - : ‘
: . . u(MoKa) (cm™)  8.96 8.28
several years that self-assembly of oligopyridyl strands with Ag R1a 0.0428 0.0620
and Ctiions gave well-organized molecular architectures such wR2 0.1088 0.1474

as an inorganic gridand double? and .trlple-stra'ndé’dmet'al AR1= S IFo| — [Fll/S|Fol. " R2= [SW(FS — FAA/SWEA]C
helicates. A general feature of such diamagnetic metal ions asgor 1, w = 1/[02(Fd + (0.067%)2 + 7.142F] and for 2, w =
components of the self-assembled system is that the tetrahedrai/[¢2(F,2) + (0.089P)2 + 10.320%], where P= (F,2 + 2F2)/3.
coordination algorithm can give helicate formation of the
oligopyridyl strands. If the organic radicals are introduced into Pascal's constarftswere used to determine the constituent atom
such oligopyridyl strands, the radicals are self-assembled to formdiamagnetism.
radical supramolecules. Diradicals pyrd-im2 (3,6-bis(yl- 3,6-Bis(N,N'-dihydroxy-4',4',5' ,5'-tetramethylimidazolidyl)-
4' .45 5-tetramethyl-4,5'-dihydro-1H-imidazol-2-yl)- pyridazine. A solution of 2,_3—b|s(hyd_roxy_am|no)—2,3—d|methylbutar_1e
pyridatzine) and bpy-im2 (2 dis(L-oxyl-4 4, 5 tetramethyl- - (20 20 BAUD I LLC e B e et
4,5-dlhydro-lH-|m|da_zol-_2-yl)t_)|pyr_ldlne)) used n thls work alcohol was stirred at room temperature for 3 days. The resulting
haye dls_,pargte coordln_atlon sites |n_clo§e prOX|m|t)_/ an.d.two precipitate was filtered and washed with methanol.
imino nitroxides are linked by pyridazine .and bl.pyr|d|ne' 3,6-Bis(1-oxyl-4', 45 5-tetramethyl-4' 5 -dihydro-1'H-imidazol-
moieties. Here we report double-stranded radical helicates with 2-y|)pyridazine (pyrd-im2). 3,6-BisN,N-dihydroxy-4,4',5,5 -tetra-
four imino nitroxides assembled by silver(l) ions. methylimidazolidyl)pyridazine was oxidized to the biradical of
pyd-im2 by using the same procedure as described for 2-phenyl-4,4,5,5-
? C{ tetramethyl-4,5-dihydroH-imidazolyl-1-oxyl by Uliman’
/ \ 2,2-_Bis_(1’_-oxy|-4’,4'_,5',5’-tetr§methyl-4',5’-dihydro-l’H-imidazol-
'\>—<—>—<\ 2'-yl)bipyridine (bpy-im2). This compound was synthesized by the
N N=N reported method.
pyrd-im2 [Ag2(pyrd-im2) 2] (PFe)2-2CH30H (1) and [Aga(bpy-im2)z](PFe)zr
CH3OH (2). Ligands pyrd-im2 (180 mg, 0.5 mmol) and bpy-im2 (217
mg, 0.5 mmol) were, respectively, added to the methanol solution (50
mL) of AgPFRs (126 mg, 0.5 mmol). After standing overnight, the
resulting dark red microcrystallines were filtered off. Recrystallization
in methanol gave dark red tablets, one of which was subjected to the
X-ray structural analysis. Elem. Anal. Found (calcd) forC, 35.92
(35.37); H, 4.37 (4.29); N, 13.72 (13.75). Found (calcd)ZolC, 42.14
(41.94); H, 4.48 (4.40); N, 12.17 (12.23).
X-ray Crystallography. Single crystals ofl. and2 were mounted
on the tips of glass fiber with epoxy resin. Diffraction data were
. . collected at-80°C on a Rigaku 7S four-circle diffractometer equipped
Experimental Section with liquid nitrogen cryostream cooler (Oxford Cryosystream). Graphite-
General. Chemicals were obtained from standard sources and were monochromated Mo  radiation ¢ = 0.71073 A) was used.
used as received. Magnetic susceptibility data were collected in the Crystallographic data for the compounds are listed in Table 1. Cell
temperature range of 2:00 K and in an applied 10 000 G field with ~ constants were obtained from a least-squares fit of the setting angles

the use of a Quantum Design model MPMS SQUID magnetometer. Of 20 carefully centered reflections in the range 226 < 30°. The
data using then—26 scan technique, were corrected for Lorentz and

polarization effects. Empirical absorption correctiogsgcans) were
carried out and relative transmissions foand 2 were 0.96%1.000

and 0.846-0.928, respectively. The structures were solved by direct
method with SHELX-86 (G. M. Sheldrick, University of ‘@mgen,
1986) and Fourier techniques, and refined by full-matrix least squares
on F? data by using SHELXL-93 (G. M. Sheldrick, University of

bpy-im2
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Figure 1. ORTEP diagram ol (ellipsoids at the 30% probability level).
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Figure 2. ORTEP diagram of (ellipsoids at the 30% probability level)

Guttingen, 1993). All non-hydrogen atoms were refined anisotropically. using the Flack’s paramet@rwhich was estimated to be
Hydrogen atoms were placed at calculated positions and refined asQ.08(3) for the presented structure. The crystal structure
rid?ng atoms with isotropic d_isplacement parameters._On of the_ PF  determinations fot and2 show the compounds to be composed
anion in2 was _found to be disordered aroun_eHF—F axis and split- of a dimeric cation of [Ag(pyrd-im2)]2* (Figure 1) and [Ag-
atom model with a 1:1 occupancy was applied. (bpy-im2)]2*+ (Figure 2), respectively, which are best described
as double-stranded helicates with the coordinated ligands being
twisted around the Ag(HAg(2) axis. Two silver ions doubly
Structures. Complexes [Ag(pyrd-im2)](PFs)2:2CH;OH (1) bridged by the diradicals it and2 are separated by 5.352(2)
and [Ag(bpy-im2)](PFg)2rCH3OH (2) crystallize in the mono-  and 6.025(2) A, respectively, and the dimeric molecules have
clinic space groupCc, and orthorhombic space grolbca
respectively. The absolute structure fowas determined by (9) Flack, H. D.Acta Crystallogr 1994 A39, 876.

Results and Discussion
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Table 2. Selected Bond Lengths (A) and Angles (deg) for

Ag(1)-N(11) 2.152(4) Ag(1)¥N(1) 2.163(5)

Ag(1)-N(3) 2.672(6) Ag(1)}N(10) 2.680(7)

Ag(2)—N(7) 2.129(4) Ag(2)-N(5) 2.138(4)

Ag(2)—-N(4) 2.743(7) Ag(2)-N(9) 2.750(6) -

O(1)-N(2) 1.287(7) O(2¥N(6) 1.262(6) S x
O(3)-N(8) 1.254(6) O(4¥N(12) 1.280(6) s 5
Ag(1)---Ag(2) 5.352(2) £ E
N(1)-Ag(1)-N(3)  68.9(2) N(1}Ag(1)-N@4) 85.6(2) -~ £
N(1)—-Ag(1)—N(9)  120.0(2)  N(1)}Ag(1)—N(10) 136.7(2) = A
N(1)-Ag(1)-N(11) 152.5(2) N(3rAg(1)-N@4) 16.9(2) = .
N(3)—Ag(1)—N(9) 66.2(2)  N(3>Ag(1)—N(10) 78.9(2) o5 =
N(3)-Ag(1)-N(11) 136.7(2) N(4)}Ag(1)-N(9) 56.2(1)

N(4)-Ag(1)-N(10)  66.1(1)  N(4>Ag(1)-N(11) 119.9(2)

N(9)-Ag(1)-N(10)  16.7(2)  N(9-Ag(1)-N(11) 85.4(2)

N(10)-Ag(1)-N(11) 68.9(2) N(3)Ag(2)-N(4) 16.7(2)

N(3)-Ag(2)-N(5)  84.0(2) N(3FAg(2)-N(7) 117.6(2)

N(3)-Ag(2)-N(9)  64.5(2) N(3FAg(2)—-N(10) 54.7(1) 0 50 100 150 200 250 300
N(4)—Ag(2)~N(5 67.5(2) N@)\Ag(2)-N(7) 134.3(2)

NE4;—A8%2;—NE9; 77.2%2% N(4}-Ag(2)-N(10) 64.6(1) Temperature / K

N(5)—Ag(2)—N(7)  156.7(2) N(5-Ag(2)—N(9) 134.1(2) Figure 3. Plots ofym andymT vs T for 1. The solid line corresponds
N(5)—Ag(2)—N(10) 117.6(2) N(7yXAg(2)—N(9) 67.6(2) to the theoretical curves, parameters of which are given in the text.

N(7)—Ag(2)-N(10)  83.9(2)  N(9%-Ag(2)—N(10) 16.5(2)
xmT remains at constant plateau down to 50 K, then decreases

Table 3. Selected Bond Lengths (A) and Angles (deg) 2or to a value of 0.7 emu K mot at 2.0 K. Magnetic data o?
Ag(1)—N(9) 2.174(6) Ag(1)¥N(3) 2.200(6) was analyzed by the four spin model with two exchange
Ag(1)—N(7) 2.508(6) Ag(1)>N(1) 2.534(6) coupling constantd; andJ, representing magnetic interactions
Ag(2)—N(11) 221?(;) 29(?“(2) g-égg(? through the silver ions and bipyridyl groupd & —2J:(S1S
ﬁgg;:'i(s()z) 2:3558 9(2yN(@®) -552(6) + SS) — 21(S'S + $Sy)). The best fitting parameters of
O(l)—N(4) 1.272(8) O(Z)—N(6) 1.259(9) both N . and Jo values are—lA(l) cntl. The magnetlc
O(3)-N(10) 1.270(9) O(4¥N(12) 1.265(10) susceptibility data of. are shown in the form of, T vs T and
N(9)—Ag(1)—N(3) 150.8(2) N(9-Ag(1)—N(7) 71.6(2) xm VS T plots (Figure 3). ThenT value of1 steadily decreases
mgg:ﬁg%:mgg 1:738_8((3 'lsll((%}_ﬁggg:m% 153.2% as tie temperature Iovyer_ed: regching_ a value of 0.005 emu K
N(11)-AG(2)-N(5) 150.5(3) N(11}Ag(2)-N(2) 136.6(2) mol~1 at 20 K, WhI.Ch is llrjr(]jlcaltlve ofilntramollecullar antifer- f
NG)AG2)-NE) 70.9(2) N(11-Ag(2)-N(8) 70.6(2) romagnetic interactions. The closest intermolecular contact o
N(5)-Ag(2)-N(8) 127.0(2) N(2YAg(2)-N(8)  93.5(2) nitroxyl groups is 4.3 A, which exclude the presence of

substantial intermolecular magnetic interactions. The two ex-
four imino nitroxides (Tables 2 and 3). B the bipyridyl group change parameterd; and J, through the silver ions and
of bpy-im2 adopts a trans conformation, contrary to what is pyridazine groups, respectively, were used to analyze the
shown in the previous scheme, and dihedral angles betweenmagnetic data. The magnetic interaction of the imino nitroxides
pyridyl groups are 39.1(3) and 41.4{3)n 1, the silver ions through the silver ions is considered to be the same order as
have two coordinated nitrogen atoms of the imino nitroxide that of 2, because the coordination bond length and angles of
groups. Bond lengths and angles of silver ions and coordinatedthe imino nitroxides inl are very similar to those a2. The
nitrogen atoms are in the range of 2.1292)163(5) A and of exchange coupling constant through the silver ions was,
152.5(2)-156.7(2}, respectively, while each silver ion has close therefore, fixed to—1.4 cntt in the analysis of the magnetic
contacts (2.672(6)2.750(6) A) with nitrogen atoms of py-  data ofl.1° The least-squares calculation, where the contribution
ridazinyl groups. Ir2, coordination geometry about each silver of paramagnetic impurityp) was included and thg value was
ion is a distorted tetrahedron with four coordinated nitrogen fixed to 2.0, yielded the best fit parametersdof= —70.8(7)
atoms, where the AgN(imino nitroxide) bonds are much cm™® and p = 0.03(1). The significant antiferromagnetic
shorter (2.174(6Y2.230(7) A) than the AgN(bipyridine) bonds interactions are propagated by the pyridazine ring, which can
(2.477(6%-2.552(6) A). Bond angles of N(imino nitroxide) be understood by the spin-polarization mechariism.
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and2 would involve 6.1 and 5.1 silver ions, so the helical pitches ata fractional coordinates of non hydrogen atoms, bond lengths, bond
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for O(1)-+-O(3) contact with 3.657(9) A ir2.
Magnetic Properties. The temperature dependence of mag- (10) The least-squares calculation with theand J; values as variables

netic susceptibility of the compounds was measured down to Lor 2 gave unreasonable values 686 and+45 cm *, respectively,

. _ espite fact that the amplitudes of tlevalue should be close to
2.0 K. Room temperatung,T value of2is 1.49 emu?* K mol~4, 1.4 ontL
which would be expected for the isolated four-spin system, and (11) McConnell, H. M.J. Chem. Phys1963 39, 1910.




