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The amphoteric 5-(4-cyanophenyl)dipyrrin ligand, offering three Scheme 1
distinct states, i.e., cationic, neutral, and anionic, has been exploited
for the formation of a 1-D hydrogen-bonded network in its
protonated form and both homo- and heterobinuclear metallamac-
rocycles, in its neutral and deprotonated states, respectively, with
a variety of coordination modes.

Dipyrrins or dipyrromethenes (dpm) are bispyrrolic ligands
attracting considerable interest over the past few yehrs.
particular, luminescehtas well as porotsmaterials based
on dpm derivatives have been reported. Owing to the
coexistence of both conjugated imine and amine function-
alities, the dpm core presents an amphoteric character and
may undergo two acidbase equilibria, leading to three
distinct states (neutral, cationic 2, and anionic3), as
depicted in Scheme 1. Furthermore, when considering the
relative disposition of the two pyrrolic N atoms, dpm-type
molecules may exist in three configuratiorsgyn, E-anti, N
andE-syn). In principle, the dpm moiety should behave as (salen)Coy
a hydrogen-bond donbiin its cationic protonated form, N
whereas in its neutral state, it would exhibit an ambivalent
nature by behaving either as a hydrogen-bond acceptor andhad been observed before in solufiamd utilized for NMR
or donor or as a coordinating group. Finally, in its anionic and mass spectrometry studies of dpm derivatives.
state resulting from its deprotonation, the dpm core should In this contribution, we demonstrate the use of all three
act as a chelate for the binding of metal centers. This latter states (cationic, neutral, and anionic) of the dpm-based
feature has been extensively used for the formation of manymoleculel® in the generation of an infinite 1-D hydrogen-
metal complexed?® Dipyrrin derivatives, bearing additional bonded network as well as in the formation of both homo-
coordinating groups at their periphery, have been used forand heteronuclear metallamacrocycles.
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Upon reaction of1® with 1 equiv of trifluoromethane-
sulfonic acid (HOTf) in CHCI,, salt AH)*(OTf)~, 2 as a
OTf™ salt, is formed® Single crystals of the latter were
prepared by diffusion of diethyl ether vapors into a solution
of 2in CHCL. The salt2 crystallizes in the monoclinic space
groupP2,/c with one protonated liganttH* and one OTf
anion in general positiond? In contrast with what was
reported for salts of protonated 5-(pentafluorophenyl)-

(9) (a) Vigmond, S. J.; Chang, M. C.; Kallury, K. M. R.; Thompson, M.
Tetrahedron Lett1994 35, 2455. (b) Rao, P. D.; Dhanalekshmi, S.;
Littler, B. J.; Lindsey, J. SJ. Org. Chem200Q 65, 7323.

(10) (a) Salt2: To a solution ofl (0.08 g 0.32 mmol) in CkCl, (20 mL)
was added HOTf (28L, 0.32 mmol) in CHCI, (20 mL). After stirring
for 20 min at room temperature, the solvent was evaporated under
reduced pressure to afford a dark residue in quantitative yield. Dark-
red crystals were grown by slow diffusion of diethyl ether vapor into
a CHCE solution of the compoundH NMR (300 MHz, acetonels):

0 7.00 (br s, 2H), 7.89 (d] = 8.4 Hz, 2H), 8.06 (dJ = 8.5 Hz, 2H),
8.30 (br s, 2H)13C NMR (75 MHz, CDC}): ¢ 110.7, 116.0, 117.7,
119.7,126.7, 129.3, 132.3, 132.6, 133.9, 143.9, 14%ONMR (280
MHz, acetoneds): ¢ —79.3. IR (KBr/cnml): vey 2242. (b) Complex

4: A 1.75 mM solution ofl in benzene (0.5 mL) was combined with

a 1.75 mM solution of AgBFin benzene (0.5 mL). Benzene was
added (0.75 mL). Slow evaporation of the solution afforded orange
crystalline platelets (yield ca. 25%). IR (KBr/cH): vcy 2241. Anal.
Calcd for GaH22Ag2B2FsNe: C, 43.68; H, 2.52; N, 9.55. Found: C,
44.10; H, 2.75; N, 9.60. (c) Compléx A solution of1 (0.1 g, 0.41
mmol) in CHCE (22 mL) was treated with a solution of (salenyCo
H20 (0.13 g, 0.41 mmol) in MeOH (10 mL). The mixture was stirred
at room temperature for 45 min. Thin-layer chromatography analysis
showed no remaining free dipyrrin. Purification by column chroma-
tography (SiQ; cyclohexane/AcOEt, 60/40) and recrystallization by
slow diffusion of EtO vapors into a CHGlsolution of the complex
afforded dark crystals of5j(CHCls), (90 mg, 27%) H NMR (300
MHz, acetoneds): 6 2.66 (m, 1H), 3.46 (m, 1H), 3.81 (m, 1H), 4.15
(m, 1H), 6.16 (ddJ® = 4.4 Hz,J* = 1.4 Hz, 1H), 6.30 (M, 2k}, 6.52

(m, 1H), 6.57 (dd,® = 4.4 Hz,J* = 1.3 Hz, 1H)), 6.60 (dd,J* = 4.2
Hz, J* = 1.3 Hz, 1H), 6.82 (s, 1H), 6.95 (m, 2H), 7.01 (m, 1H), 7.20
(m, 2H), 7.43 (dd,J®* = 8.0 Hz,J* = 1.7 Hz, 1H), 7.47 (s, 1H), 7.65
(d,J=8.4 Hz, 2H), 7.78 (m, 1H, C-H), 7.91 (d,J = 8.4 Hz, 2H),

8.4 (s, 1H, G-H). 13C NMR (75 MHz, acetonek): 6 60.2, 60.6,
112.9, 114.0, 116.9, 118.6, 123.2, 123.5, 131.0, 131.4, 132.4, 132.4,
133.4, 134.8, 153.1, 158.5, 165.3, 166.6.tMs (CH.Cly; Ama/nm
(log€): 272 (4.80), 302 (4.49), 399 (4.19) 483 (4.28), 512 (4.38). |
(KBr/cm™1): vy 2226, 1622. Anal. Calcd for £4H26CleCoNsO2: C,
50.52; H, 3.24; N, 8.66. Found: C, 50.17; H, 2.93; N, 8.76. (d)
Complex6: A 1.75 mM solution of compleXs with benzene (0.5
mL) was combined with a 1.75 mM solution of AgShiR benzene
(0.5 mL). This mixture was further diluted with benzene (0.75 mL)
and acetonitrile (0.5 mL) and slowly evaporated to afford red crystals
(yield ca. 32%). IR (KBr/cm?): vcy 2230. Anal. Caled for ggHsg
Ag2CoF1oN1206Shy: C, 42.00; H, 3.01; N, 8.64. Found: C, 39.92;
H, 2.96; N, 8.33.

(11) (a) Crystal data foR (Cy7H12F3N303S): My = 395.36, monoclinic,
P2i/c, a = 10.0624(6) Ab = 10.3247(6) Ac = 16.6996(9) A =
91.463(2), V= 1734.2(2) R, Z = 4, Deaic = 1.514,T = 173(2) K,

u = 0.241 mnt?, 15 368 reflns measd, 3972 unique reflfg(=
0.0344)R=0.0431 [ > 20(1)], Ry = 0.1279 (for all data). (b) Crystal
data for4 (CsaH22AQ2B2FsNg): My = 879.92, triclinic, P1, a =
9.9210(6) Ap = 10.0826(4) Ac = 10.1108(4) Ao = 118.576(2),

p =100.160(3), y = 108.078(3), V= 777.79(6) B, Z = 1, Dcarc =
1.879, T = 173(2) K,u = 1.343 mntl, 8618 reflns measd, 3388
unique reflns Rt = 0.0373),R = 0.0339 [ > 20(l)], Ry = 0.0837
(for all data). (c) Crystal data f&@(CHCls), (C34H26ClsCoNsOz): My

= 808.23, orthorhombidPna2;, a = 11.7199(8) A = 18.0162(13)
A, c=16.3131(11) AV = 3444.5(4) B, Z = 4, Dcarc = 1.559,T =
173(2) K,u = 1.004 mm%, 16 121 refins measd, 6351 unique refins
(Rint = 0.0531),R = 0.0603 [ > 20(l)], Ry = 0.1802 (for all data).
(d) Crystal data fob (CsgHsgAg2C0F12N1206Sky): My = 1944.36,
monoclinic,P2;/c, a= 13.9626(5) Ab = 11.4836(4) Ac = 22.1003-
8) A, p=94.170(1), V= 3534.2(2) B, Z = 2, Dcac = 1.827,T =
173(2) K,u = 1.847 mn1%, 27 280 refins measd, 8122 unique reflns
(Rint = 0.0433),R = 0.0355 [ > 20(l)], Ry = 0.1107 (for all data).
(e) Crystallographic data were collected on a Bruker SMART CCD
diffractometer with Mo Kx radiation. The structures were solved using
SHELXS-97and refined by full-matrix least squares &% using
SHELXL-97 The H atoms were introduced at calculated positions and
not refined (riding model).
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Figure 1. Formation of a 1-D hydrogen-bonded network betw2eand
a OTf anion. Selected bond lengths (A) and angles (deg)-82, 2.876-
(3); N2—-01, 2.936(3); Nt-H1A-02, 141.4; N22H2A—-01, 161.6.

Figure 2. 1-D arrangement along thie axis of the metallamacrocycle
[Ag2(1)7]2t 4. Selected bond lengths (A) and angles (deg): A1, 2.138-
(3); Ag1—N3, 2.125(3); Agt-Agl, 3.396(4); N+-Agl—N3, 169.3(1).

dipyrrin* the two protonated pyrrolic rings b are arranged

in the E-anti configuration. The two pyrrolic rings are not
coplanar but tilted with an angle of 19.Both N—H groups
are involved in hydrogen bonds (ND distance in the range
of 2.87-2.93 A) with O atoms of OTf anions, leading thus
to the formation of a 1-D hydrogen-bonded network along
theb axis resulting from the mutual interconnection between
cations and anions (Figure 1).

The propensity ofl to bind Ag" cations was investigated
using AgBR. Upon slow evaporation of a benzene solution
containing bothL and AgBHF, red crystals of a 2:2 complex
[(D)2AQ2](BF4)2 (4; Figure 2) were formed and characterized
by single-crystal X-ray diffraction and by elemental
analysis'®1PThe homobinuclear silver complex is, in fact,
a dicationic 2+ 2 metallamacrocycle resulting from the
bridging of two ligandsl by two Ag" cations. The latter is
linearly coordinated to one nitrile group and one unprotonated
pyrrole nitrogen of the dpm moiety with the expected
distances for such a coordination. This is one of the rare
examples of a complex in which the neutral dpm does not
act as a chelat®. As for the protonated forn2, the dpm
moiety adopts thée-anti arrangement. Within the macro-
cycle, although the Agcation is facing a phenyl ring, the
shortest Ag-Cpheny distances of 3.019(4) and 3.035(4) A
suggest a rather weak interactitninterestingly, the met-
allamacrocycles are connected into a 1-D network along the
b axis via a d°—d% interaction'* with a distance of 3.396-
(4) A between Ag cations belonging to consecutive units.
The remaining uncoordinated pyrrole ring forms hydrogen
bonds with the B anions [N-H—F, 2.871(4) A, 160.3-
@y1.

During this investigation, the formation of new heteroleptic
complexes using the ligantl has also been studied. Salen

(12) March, F. C.; Fergusson, J. E.; Robinson, WJ.TChem. Soc., Dalton
Trans.1972 20609.

(13) (a) Hall Griffith, E. A.; Amma, E. L.J. Am. Chem. Sod.974 96,
743. (b) Shelly, K.; Finster, D. C.; Lee, Y. J.; Scheidt, R.; Reed, C.
A. J. Am. Chem. S0d985 107, 5955. (c) Munakata, M.; Wu, L. P.;
Ning, G. L.Coord. Chem. Re 200Q 198 171. (d) Lindeman, S. V.;
Rathore, R.; Kochi, J. Klnorg. Chem 200Q 39, 5707.

(14) Pyykkg P.Chem. Re. 1997, 97, 597.
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homoleptic Co(dpm)complexes:>i However, unlike the
latter complexes, the two pyrrolic rings are not coplanar but
form a dihedral angle of 24°1

Complex5 possesses a benzonitrile moiety at its periphery.
Although for 5 the coordination geometry around 'Cds

Figure 3. Structure of the heteroleptic cobalt complexH atoms have OCtahEdral' it may be compared to the (_hfacmm:(omplex
been omitted for clarity. Selected bond lengths (&) and angles (deg)-co1 (hfac= hexafluoroacetylacetonate), which also offers such

N1, 1.950(6); Co:N2, 1.938(5); CotN4, 1.898(6); Co:N5, 1.901(6); a coordinating site. In the presence of silver salts, (hfac)-
(N321;(23%(%)-9?\151(r4():?0(i3“—’:f532r1$-398?2(;‘_)§NN1_fC%°11_—£‘lzvgf-é’((zz))} “iggi: Cu(3) leads to Ag-n-type interaction§.0On the other hand,
02, 90.9(2): N2-Col-N4, 93.4(2): N2 Col-N5, 89.8(2); N2-Col— the CoQ)s Complex possessing thr_ee f_ree nitrile groups leads
01, 177.3(2); N2Co01-02, 90.5(2); N4Col1-N5, 81.7(2); N4 Col- to the formation of a 3-D coordination network via only
01, 89.3(2); N4-Co1-02, 174.8(2); N5-Co1-01, 90.9(2); N5-Col- silver—nitrile interactions® It appeared interesting to further

02, 94.9(2); 0+ Co1-02, 86.9(2). investigate the coordination ability of the compE&toward

Ag™ cations. Upon slow evaporation of a stoichiometric
mixture of 5 and Ag(Sbk) in benzene/MeCN, dark-red
crystals have been obtained after ca. 7 d&y€ompounds
crystallizes in the monoclinic space gro®g,/c with one
complex 5, one Ag™ cation, one Sh§ anion, one HO
molecule, and one C}&N molecule in general positioA&!
Interestingly, as shown in Figure 4, two compleXeand
. . ot two Ag" cations form a heteronuclear metallamacrocycle.
Figure 4. View of the [E)AGNCCH)(H;O)]** metallamacrocycle. SigP In marked contrast with the metallamacrocydlebtained
anions and H atoms have been omitted for clarity. Selected bond lengths " ’ h yeld
(R) and angles (deg): G2C3, 1.401(6); AgtC2, 2.449(4); AgtC3, by combiningl with Ag*, in the present case, because both
’2\1-551411(3)2: SQg)lr23,%2’\-122701(49)21 3(915'\'1\?@2/&215%)& Alqllg%’o;égl)Z%?&:):A Ci& N atoms of the dpm moiety are engaged in the binding of
, L , Lo , L ) gl—No, . ; gl— . . - . "
03, 115.92(13). N3AG1-C2. 116.90(14). N3Agl- C3, 93 30(14): N6 the Co center., t'he Agcation, in addition to being coordi
Agl-03, 93.38(13); N6 Agl—C2, 110.43(15); N6 Agl—C3, 142.31(15): nated to the nitrile group &, a H,O molecule, and a MeCN
03-Ag1—C2, 104.53(12); 03Ag1—C3, 98.75(11); C2Ag1—C3, 31.92- molecule, interacts with one=€C bond of the pyrrole ring
(14). (C2—C3) belonging to the neighboring complex. The-AQ

[N,N'-bis(salicylidene)ethylenediamine] is an interesting distances as well as the distance of&he Ag atom from the
ligand for the formation of heteroleptic complexes because, M€an plane of the pyrrole ring (2.40 A) are consistent with

although this ligand usually coordinates in a square-planara Ag—m |nteract|on%3 This observatlon correlgtes well with
fashion, it may also adopt a twisted conformation when OUr Previous report on Ag-C=C interaction recently
combined with metal centers chelated by an additional d€scribed for otheresy_stems based on Zn(dpk(OTT) and
bidentate ligand® The reaction of (salen)CeH,O with 1 Cu(dpmyAg(OTY).® It is worth emphasizing that so far the
equiv of 1 afforded, in 27% yield after purification, the Ag—Cyymrole interaction had been observed in the solid state

complex (salen)Cb(1), compounds, the first heteroleptic qnly with triflate salts, a slightly coordinating anion, and
cobalt complex incorporating the dpm core structurally Either square-planar or tetrahedral dpmetal complexes.

characterized. Note that several other heteroleptic complexes! N€ Present result shows clearly that this type of interaction

have been reporté#:"1216The loss of symmetry of the salen see.ms_rather.general and may be also obtained with nonco-
ligand is apparent in the NMR spectrum 68 and is ordinating anions such as ShFand for complexes with

confirmed by single-crystal X-ray diffraction analy$t§The octahedral coordination geometry such as 4 complex.
crystal (orthorhombic,Pna2;), a chloroform solvate, is In conclusion, we have demonstrated that compdumzy

composed of the compleX and two CHC} molecules in be used to generate a hydrogen-bonded network in i_ts
general positions. In this complex (Figure 3), thé'Genter protonated state and a homonuclear metallamacrocycle with

adopts the octahedral coordination geometry and is sur-A9" cations in its neutral form. For its deprotonated state,
rounded by the salen and the deprotonated 8@as dianionic acts as a chelate for Co and forms a-g interaction,
tetradentate and monoanionic chelate-type ligands, respeclead'ng to a heteronuclear metallamacrocycle.
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