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Nickel dithiolene complexes symmetrically appended with hydrogen- themselve$. Herein, we report on the straightforward
bond donor/acceptor functionalities such as imide, amide, or cyano/ synthesis-starting from one single precursoof a series of
amide groups have been synthesized by a straightforward method nickel dithiolene complexes symmetrically functionalized by
of wide applicability starting from one single precursor. Single- hydrogen-bond donor/acceptor groups, including imides,

orthodiamides, and dual complexes, ortho-functionalized by
a cyano group and a primary amide group. This reaction is
important, as it also provides the network designer with a
set of unprecedented models whose patterns of self-assembly
in the solid state is analyzed.

Neiland’s 4,5-diamido-2-oxo0-1,3-dithiofel, was selected

An enormous amount of work has been devoted to metallic 8 the starting material for the preparation of amide-
and superconducting salts based on nickel dithiolene com-functionalized nickel dithiolene complexes. Paralleling the
plexed2 and, recently, to the advent of single-component WOrk of the Riga group for the preparation of the complex
molecular metal.Nevertheless, hydrogen-bonding inter- pearlng a ur.aC|I—type.d|th|oIat.e ligand, this d|th!0carbonate
actions-and their redox-activated intermolecular patterns 1S reacted with 4 equiv of sodium methanolate in methanol.
which are the focus of much current attention in the field of Subsequent metathesis with nickel nitrate and an ammonium
molecular materialé,have not been used per se to direct OF Phosphonium halide salt unexpectedly affords [Ni(rajit)
the solid-state structures of metal dithiolene complexes and(2*"), & complex of the ligand maleimide dithiolate (midt).
manipulate the electronic structure of a class of conducting !t iS of interest to note the dual effect of sodium methanolate,
and magnetic materials where the double-band cohgépt Which acts both as a nucleophile for opening the dithio-
has yet to reach its full potential. This is because metal carbonate ring anq as a base, abstractl_ng protons and inducing
dithiolene complexes appended with hydrogen-bond donor/@ Synchronous, intramolecular reaction between the two
acceptor functionalities are not available. Typically then, Ortho-amide functionalities to produce an imide upon ring
crystal engineering issuefeaturing an important class of closure and subsequent eh_mmatlon of ammonia (Scheme 1).
functional redox complexes have thus far focused solely on  Note also that the reaction occurs when only 2 equiv of
interactions between ammonium or pyridinum cations and Sodium methanolate are used. This complex can be further
paramagnetic nickel dithiolene anionic complexes such as©Xidized with iodine to produce [Ni(mid{)~ (27). Analysis
[Ni(mnt),] -7 or on the organization of the countercations by of the crystal structure of these complexes reveals one-
dimensional chains generated out of self-complementary
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patrick.batail@univ-angers.fr (P.B.), narcis.avarvari@univ-angers.fr (N.A.)

(1) (a) Robertson, N.; Cronin, ICoord. Chem. Re 2002 227, 93-127. 1), & feature. common to both dianionic (‘BDZNi(midt_)Z .
Cassoux, P.; Valade, L.; Kobayashi, H.; Kobayashi, A;; Clark, R. A;; and (PhP)Ni(midt), salts, as well as to the monoanionic,

Underhill, A. E. Coord. Chem. Re 1991 110 115-160. ; i
(b) Faulmann, C.; Cassoux, Prog. Inorg. Chjmzo& 52, 399. pgra_ma_gnetlc complex (El:h)'\_“(mldt)z' lr,] the case OT both
(2) Kato, R.Chem. Re. 2004 104, 5319-5346. dianionic complexes, the cations form isolated chains (Sup-

(3) Tanaka, H.; Okano, Y.; Kobayashi, H.; Suzuki, W.; Kobayashi, A. ina Information). wher in (PBNi(mi hain
Chem. Re. 2004 104, 5243-5264. port 9 ormatio )' ereas ( BN( dt)z’ two chains

crystal X-ray structures reveal the occurrence of one type of ribbon
common to all compounds that is based on a recurrent self-
complementary intermolecular hydrogen-bonded ring motif linking
the symmetrically substituted complexes.

(4) Fourmigte M.; Batail, P.Chem. Re. 2004 104, 5379-5418. run parallel to each other, albeit with a slight offset (Figure

(5) Canadell, ENew J. Chem1997, 21, 1147.

(6) (a) Steiner, TAngew. Chem., Int. EQ002 41, 48—76. (b) Desiraju, (8) Nakamura, T.; Akutagawa, T.; Honda, K.; Underhill, A. E.; Coomber,
G. Angew. Chem., Int. Ed. Endl995 34, 2311-2327. A. T.; Friend, R. H.Nature 1998 394, 159-162.

(7) (a) Coomber, A. T.; Beljonne, D.; Friend, R. H.;'Bess, J. L.; Charlton, (9) (a) Neilands, O. Y.; Valters, R. A.; Putikis, G. G.; Tilika, V. Z,;
A.; Robertson, N.; Underhill, A. E.; Kurmoo, M.; Day, Rature1996 Edzhinya, A. SChem. Heterocycl. Compi992 1079. (b) Neilands,
380, 144-146. (b) FourmigleM.; Méziere, C.; Dolou, S.Cryst. S.; Belyakov, S.; Tilika, V.; Edzina, Al. Chem. Soc., Chem. Commun.
Growth Des.2003 3, 805-810. 1995 325.

3380 Inorganic Chemistry, Vol. 44, No. 10, 2005 10.1021/ic050174n CCC: $30.25  © 2005 American Chemical Society

Published on Web 04/15/2005



Scheme 1. Synthesis of [Ni(mid§]?—/1—2
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Figure 1. Discrete set of two parallel chains as observed in ¢R¥ih
(midt),. Selected bond lengths (A) and angles (deg): N1 2.174(1),
Ni1—S2 2.172(1), Ni+-S3 2.170(1), Ni+-S4 2.176(1); SENi1—S2 93.62-
(4), S3-Ni1—S4 93.66(4), SENi1—S3 86.15(4), S2Ni1l—S4 86.62(4).

Table 1. Hydrogen-Bond Distances and Angles Averaged over the
Two, Essentially Symmetrical Dimer Motifs

compound N-OR) H-O0@A) on-h--0(deg)
(BUsN)2Ni(midt), 2.914 2.055 1745
(PPh)2Ni(midt)2.CHsCN 2.863 2.03 163.5
(PPh)Ni(midt), 2.925 2.08 168
(PPh)Ni(madt), 2.938 2.08 170.5
(PPh)Ni(mant), 2.878 2.02 175
(BusN)Ni(mant), 2.925 2.07 173

1),19giving rise to two intermolecular interactions amounting

COMMUNICATION
Synthesis of (PPH[Ni(madt),] and (PPh)[Ni(mant),]?
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[Ni(madt),]*

1 3 .
a(i) NaSMe, Ni(NQ)2:6H,0; (ii) MeOH reflux.

Figure 2. Slab of complexes in (PRNi(madt), with an emphasis on
the formation of ribbons through the#8) motif (thick dotted bonds). The
thin dotted lines represent-NH---O bonds within stacks. Selected bond
lengths (A) and angles (deg): NB1 2.150(1), Ni-S2 2.149(1), Ni-S3
2.145(1), Ni-S4 2.150(1); SENi—S2 91.60(5), S3Ni—S4 91.49(5), St
Ni—S3 88.15(5), S2Ni—S4 88.83(5).

+0.72 V/SCE, corresponding to the formation of

to f, = 0.17 andB, = 0.19 eV, as determined by extended [Ni(midt),]°. The latter electrochemical event observed at

Hiickel calculations. This suggests an alternated spin chainSUch “normal” concentrations>(L mM) indicates a rather
magnetic behavior in agreement with the observed temper-mOdeSt stability of the neutral complex, as typically observed

ature evolution of the magnetic susceptibility (Supporting in nickel dithiolene complexes bearing attracting groups, such

Information).
It is of interest to note that only the dimer motif is present

here, in contrast to the preference for a catemer chain
established by a recent CSD analysis of hydrogen-bond

networks involving imide functionalitie¥. Cyclic volt-
ammetry experiments for (PPNi(midt), in MeCN reveal
a reversible wave at-0.14 V/SCE, corresponding to the
couple [Ni(midty]2*~, and an ill-defined oxidation at

(10) Crystal data for (PRJNi(midt)z (27) (Cs2H22N204PSNi): triclinic,
space groufl, a= 10.9413(17) Ab=11.9501(17) Ac = 13.0235-
(16) A, o = 77.422(16), B = 76.190(17y, y = 74.858(17),

V = 1574.1(4) R, T = 293(2) K, Z = 2, 15845 refins measured,
5657 unique refinsRi; = 0.061) were used in the refinement by full-
matrix least-squares methods BA R = 0.0396,R, = 0.0783 (all
data). Crystal data for (PEINi(madty (37) (CsH24N4OsPSNI):
triclinic, space groupgPl, a = 10.3180(14) Ab = 13.0706(19) A,
c=15.399(2) Ao = 114.341(15), B = 94.651(16), y = 101.106-
(17y,V=1826.5(4) R, T=293(2) K,Z = 2, 18612 reflns measured,
6595 unique reflnsRi = 0.0635) were used in the refinement by
full-matrix least-squares methods &, R = 0.0549,R, = 0.1938

(all data). Note the presence of a highly disordered solvent molecule,
isotropically refined as O5. Crystal data for (RMi(mant) (47)
(Cs2H24N4O-PSNI):  triclinic, space groupPl, a = 10.1114(16),
b=13.1679(17)c = 14.002(2) A, = 72.019(16) 8 = 70.639(17),

y = 77.020(179, V = 1657.3(4) B, T = 293(2) K,Z = 2, 16291
reflns measured, 5918 unique refli&,(= 0.1411) were used in the
refinement by full-matrix least-squares methodsF8nR = 0.0515,

Ry = 0.1162 (all data). Crystallographic data for the structure reported
in this paper and in the Supporting Information have been deposited

with the Cambridge Crystallographic Data Centre as supplementary

publication no. CCDC 257976257981. Copies of the data can be
obtained free of charge upon application to CCDC, 12 Union Road,
Cambridge, CB21EZ, U.K. (Fax: H44) 1223-336-033. E-mail:
deposit@ccdc.cam.ac.uk.)

Sarma, J. A. R. P.; Desiraju, G. Bryst. Growth Des2002 2, 93—

100.

(11)

as CN in [Ni(mnt}]"".12 Note that [Ni(midt}]~ is a para-
magnetic analogue of pyrometillimide (bis-imide of benzene-
1,2,4,5-tetracarboxylic acid) and that its deprotonated form
is a potential ligand for bimetallic complexé&s.

To form the nickel dithiolene tetraamide complex, one
therefore has to avoid proton abstraction from the amide,
the primary event toward ring closure and formation of the
imide. Thus, a nonbasic nucleophile has to be used to
generate the dithiolate. Hence, and as expected, sodium
methanethiolate, NaSMe, successfully promotes the quantita-
tive formation of diamido-dithiolate, as demonstrated by
reacting the dithiocarbonatewith 2 equiv of NaSMe and
subsequent cation exchange, which affords the complex
[Ni(madt)]~ (37, madt= maleamide dithiolate) (Scheme
2).

The crystal structure &~ (Figure 2) shows? somewhat
surprisingly, an “open” type of conformation of the maleo-
diamide framework; that is, there is no intramolecular
hydrogen bond, in contrast of the structure of EDT-TTF-
(CONH,), (EDT = ethylenedithio}* To our knowledge, only
one such open form of primary 1,2-diamides has been
observed so far in the case of a dihydro barrelene tetra-

(12) Geiger, W. E.; Bartie, F.; LeSuer, R.; Trupia, $rorg. Chem2001,
40, 2472-2473.
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Colquhoun, H. M.J. Chem. Soc., Dalton Transl986 813.
(b) Colquhoun, H. M.; Fairman, R.; Tootell, P.; Williams, D. .
Chem. Soc., Dalton Tran§999 2651.
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amide’® In 3, ribbons of complexes symmetrically linked
by self-complementary intermolecular ring motifs (Figure 2 %_¢
and Table 1), also encountered in the crystalline structure=4 ®
of 2, run alongb and stack upon each other aloag .
connected by self-complementary, transverse, and larger ring =<
motifs based on longer NH---O distances. '

Although, upon dithiolate generation, the same workup
conditions as for the preparation @~ were used, the
monoanionic complex is obtained directly this time. Very
likely, this behavior finds its origin in the lower-21— Figure 3. Fragment of the slab of complexes in (RJMi(mant),
oxidation potential for the [Ni(madf)>~ complex. Indeed, emphasizing the two self-complementary ring motifs. Selected bond lengths
cyclic voltammetry experiments for (PBNi(madty in () anardes ooy NAS12.1390) N 522.1450) i 822140
MeCN show a reversible wave &0.28 V/SCE, correspond-

ing to the couple [Ni(madi)>™", and an irreversible N _...0 honds (Figure 3). The cyano groups protrude out
oxidation wave at+0.5 V/ISCE, corresponding to the f the dithiolene slab and are engaged in weaker hydrogen
formation of [Ni(madt)]°. The lower stability of3?>~ species, bonds with phenyl protons of the cations.

el
when compared wnf; ’.COUId be the consequence of the Cyclic voltammetry experiments for (PPfNi(mant)] in
nonplanarity of the diamide groups, as observed in the X-ray MeCN reveal a reversible wave &0.1 V/SCE correspond-

structure of (PPANi(madt), (vide supra), strongly hampering ing to the couple [Ni(mangz~*-, and an irreversible
conjugation with the dithiole ring and hence diminishing their oxidation wave at+0.67 V/SCE ' corresponding to the
electron-withdrawing effects. Thus, the synthesis of such (/. o0 ¢ [Ni(mant]®. Thus, electrocrystallization of

highly functionalized nickel dithiolene complexes demon- (n-BuN),[Ni(mant),] (42-) is performed through the reduc-
strates that the use of alkylthiolates as nonbasic nucleophiles[ion of (n-BusN)[Ni(mant)] (4-) (Supporting Information)

n tr:je rmgt:]hogep mg:hof dlthIOIO? es C‘f’”;ti'r‘]‘.“fi a s_tralghtfotrr-] Note that the same self-complementary ring motifs link the
ward method Tor the generation of dithiolates N SMOOIN 4 hinnic forms4?- into discrete 1D ribbons isolated from

cond!tlons, one that coulq 'be g?neralllzecj to 'other such each other by the cations.
functional dithiolones, sensitive to “classical” basic reagents . .
In summary, we have reported the synthesis of a series of

generally used in this kind of chemistry. . 0 . .
We further report here our discovery that reflux of complex three nickel dithiolene compilexe§ 'appended with hydroge n
bond donor/acceptor functionalities. One very attractive

37in methar_ml affords the bis-dehydrated complex (§Ph feature of complexes [Ni(micil?-"~ and [Ni(manty2-"-,
[Ni(mant)] 4-, where mant= maleamido-nitrilo-dithiolate o - .
: . ._distinctive from any other metal dithiolene complexes, is that
(Scheme 2). This reaction was all the more unexpected in : .
L S . . they contain outer NH and CN groups, respectively, for
that water elimination from 1,2-diamides typically requires S . "
: . . . . coordination reactions to additional metal complexes to
such drastic conditions as reflux in acetic anhydride for the -
. . . prepare extended networks by a building block approach.
preparation ofortho-cyanobenzamide from phthalamitfe. . .
. All of the complexes described herein show extended
Here, the reaction occurs smoothly, probably because the
networks based on self-complementary, hydrogen-bonded

electron-rich character of the present diamide favors aring motifs that direct their supramolecular organization in
rotonation of a carbonyl oxygen followed by water elimina- . : ) : ; :
b A Y the solid state. Of particular note is the introduction, disclosed

tion. Note that, in addition to its inherent hydrogen-bond S ;
: here, of NaSMe as a new nonbasic dithiocarbonate ring-
donor/acceptor character, complexalso contains two trans . . .
opening reagent. Use of this reagent in other areas such as

(r:%/:tgﬁig?:nﬂ;}ga(%aé));%&x:ngtﬁ]g]gsl?aﬁic;(élgzgatazr]tl)il:l:lltirr]]igther highly functionalized tetrathiafulvalenes can be envisioned
' ry with great prospect. The extension of the chemistry of these

m rouPl, with two in ndent half- ) . ;
system, space g OUF.P ' .t two_indepe de.t a Ehree new dithiolene ligands to other metal centers is also
complexes located on inversion centers and one mdependenunder way

cation in a general positio. Here, again, the recurrent,
robust self-complementary ring motif (Table 1) links the  Acknowledgment. Financial support from the CNRS

symmetrically functionalized complexes into ribbons running (ph.D. fellowship to S.A.B.) is gratefully acknowledged.
alongb and connected alorgby self-complementary, larger
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