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Enhancement of the Intermolecular Magnetic Exchange
through Halogen---Halogen interactions in Bisadeninium
Rhenium(lV) Salts

Donatella Armentano,® Miguel A. Barquero,” Carlos Rojas-Dotti,> Nicolas Moliner,’ Giovanni De
Munno,? Euan K. Brechin*< and José Martinez-Lillo*?

aDipartimento di Chimica e Tecnologie Chimiche (CTC), Universita della Calabria, via P. Bucci 14/c, 87036, Rende,
Cosenza, Italy

bInstituto de Ciencia Molecular (ICMol), Universitat de Valéncia, ¢/ Catedratico José Beltran 2, 46980, Paterna,
Valencia, Spain

“EaStCHEM School of Chemistry, The University of Edinburgh, David Brewster Road, EHg 3F], Edinburgh, UK

ABSTRACT: Two novel Re'V salts of general formula [H,ade],[Re'VX¢]X,-4H,O [H,ade** = gH-adenine-1,7-diium; X = Cl(1)
and Br(2)] have been synthesized and magneto-structurally characterized. 1 and 2 are isostructural salts that crystallize in
the orthorhombic system with space group Fdd2. Both compounds are made up of discrete mononuclear [Re'VXs]> and X
anions and doubly protonated adenine cations. The six-coordinate rhenium(IV) ion is bonded to six halide ligands [X = CI
(1) and Br (2)] in an octahedral geometry. Short intermolecular ReV-X.-X-Re!V interactions, as well as
ReV-X...H-N(H,ade) and Re!V-X.--H-O,, hydrogen bonds, are present in the crystal lattice of 1 and 2. Magnetic suscepti-
bility measurements on polycrystalline samples of 1 and 2 in the temperature range 2.0-300 K show the occurrence of
significant intermolecular antiferromagnetic interactions in both compounds, resulting in the observation of maxima in
Xm at ca. 6.0 (1) and 12.0 K (2). The larger spin delocalization from the Re!V ion onto their peripheral bromide ligands
when compared to the chloride ligands accounts for the enhancement of the magnetic exchange observed in 2.

Adenine is one of the five main natural nucleobases
that are precursors and part of the self-assembled struc-
tures of the nucleic acids (DNA and RNA). As with other
nucleobases, adenine has been studied for decades due to
its capacity to establish diverse noncovalent interactions

Chart 1. Molecular Structures of gH-adenine (A)
and its mono- and diprotonated, gH-adenine-1-ium
(B) and gH-adenine-1,7-diium (C) Derivatives

and its potential metal ion binding ability in complex, NH2 NH; y
natural and artificial nanostructures.* It is well-known Hﬁ = N H(I:I)/ N®
that the combination of hydrogen bonds and mt-rt stacking k | \> k | \>
interactions among nucleobases provides the confor- Y ﬁ Y H

mation and function of macromolecular biological sys-
tems.”3 Protonated and deprotonated nucleobases play a (A) (B) (©)
key role in many biochemical processes, and can also
generate supramolecular compounds of interest in crystal
engineering, molecular recognition, liquid crystals, mole-
cule-based magnetism and materials science.>

Anionic halorhenate(IV) salts are very appealing be-
cause of their unique magnetic properties, which include
both slow relaxation and quantum tunneling of the mag-

The nucleobase adenine presents up to four endocyclic o X S
netization and long-range magnetic order originating

(N1, N3, N7 and Ng) and one exocyclic (N6) protonatable

N-atoms (in basicity order: Ng > N1 > N7 > N3 > N6)
which can afford a wide range of neutral tautomers and
protonated forms (Chart 1). Both organic and inorganic
salts based on mono- and diprotonated adenine [aden-
inium (B) or bisadeninium (C), respectively] are found in
the literature. While there exist paramagnetic compounds
with adeninium, all bisadeninium-based salts reported to
date are diamagnetic in nature.?*2°

from single-ion or cooperative magnetic behaviours, re-
spectively.?746 In particular, the simple hexahalor-
henate(IV) salts [ReVXs]* (X = F, Cl, Br, and I) of para-
magnetic and diamagnetic cations generally show signifi-
cant short-range intermolecular ferro- or antiferromag-
netic interactions, which are mainly transmitted through
relatively short intermolecular Re-X:--X-Re contacts,
occasionally leading to collective magnetic phenomena
such as ferromagnetism and spin canting (weak ferro-
magnetism).47-59



Herein we report the synthesis and magneto-structural
characterization of two novel Re'V compounds of general
formula [H,ade],[ReVX¢]X,-4H,O [H,ade* = gH-adenine-
1,7-diium; X = CI (1) and Br (2)]. 1 and 2 are the first para-
magnetic salts based on diprotonated adenine.

Results and Discussion

Structure Description of 1 and 2

Compounds 1 and 2 are isostructural salts that crystal-
lize in the orthorhombic system with space group Fdd2
(Table 1). Both compounds are made up of discrete mon-
onuclear [Re'VXs]* and X anions [X = Cl (1) and Br (2)],
bisadeninium cations, and water molecules of crystalliza-
tion, which self-assemble in the crystal lattice through an
intricate and extended network of hydrogen bonds and
XX type intermolecular interactions (Figures 1-5 and
Figures S1-Ss).

The asymmetric unit in 1 and 2 consists of half a
[Re'VX¢]* anion, with the rhenium atom lying on a special
position, a chloride (1) or bromide (2) ion, a bisadeninium
molecule, together with two crystallization water mole-
cules. Figure 1 shows the [ReVBrg]*> anion with its second-
sphere coordination environment for 2 (see Figure S1 for

1).

Figure 1. Molecular structure of the [ReBrg]> anion in 2 with
atom numbering scheme, showing the closest supramolecu-
lar interactions with the [H.ade]>* cations and Br- anions.
Hydrogen bonds are depicted as dashed lines. Color code:
Re, pale gray; Br, brown; O, red; N, blue; C, dark gray; H,
white. [Symmetry code: () = -%4 - x, 1/2 -y, z; (b) = x-1/4, % -
Y, z -Y4).

Each six-coordinate Re' ion in 1 and 2 is bonded to six
chloride (1) or bromide (2) ions in a slightly distorted
octahedral environment. The Re-Cl and Re-Br bond
lengths [average values of the Re-Cl and Re-Br distances
of 2.359(1) and 2.508(5) A, respectively] are in agreement
with those found in previously reported Re!'V halide com-

plexes.476¢ The doubly protonated adenine cation is pla-
nar, as expected (see Figures 1-4 and S1-S4 for 2 and 1,
respectively).

Table 1. Summary of the Crystal Data and Structure
Refinement Parameters for 1 and 2

Compound 1 2

Formula C 10H22C18N1004Re C 10H22BrgN] 004Re

M,/g mol! 816.17 1171.85
Crystal system orthorhombic orthorhombic
Space group Fdd2 Fdd2
alA 17.9892(4) 18.6623(5)
b/A 39.2724(8) 39.9223(11)
c/A 7.13685(16) 7.35595(18)
o/° 90 90

pre 90 90

y/° 90 90
VA3 5042.04(19) 5480.4(2)
Z 8 8

Do/g cm™ 2.150 2.841
pu(Mo-K,)/mm’! 5.709 16.138
F(000) 3160 4312
T/K 170 120
Goodness-of-fit 1.038 1.085

on F?

R, [I>20(])] 0.0238 0.0208
WR; [all data] 0.0468 0.0333

APinax, minfe A 1.120 and -1.500 0.968 and -0.796

Figure 2. a) View of a fragment of the supramolecular motif
generated by hydrogen bonds involving [H.ade]>* cations, Br-
and [Re!VBr¢|> anions and lattice water molecules in the
crystal packing of 2. b) Perspective view of the branched
chain connecting [ReVBrg]> anions through intermolecular



double Br---Br type interactions (dashed brown lines) and
growing in the c-axis direction.

The average values of the C-C and C-N bond lengths are
in agreement with those found in their corresponding
salts.z0266

As expected, the additional protonation at the N1 and Ny
nitrogen atoms makes the bisadeninium cations behave
as excellent H-bond donors in 1 (Figures S2 and S4) and 2
(Figures 2 and 4). In fact, they are involved in three types
of hydrogen bonds with the [Re!VX¢]* or X anions [X = Cl
(1) and Br (2)], and the lattice water molecules acting as
H-bond acceptors (see Figures 3 and S3).

Nitrogen atoms Ni, N6 and Ng interact with co-
crystallized X anions through N-H--X hydrogen bonds
[N1---Clg, N6---Clg and Nog---Clgc distances of 3.246(4),
3197(4) and 3.084(4) A in 1, with Ni--Brg, N6--Brg
3.332(4) and No---Br4c distances of 3.470(4), 3.332(4) and
3.237(4) A in 2, (c) = x-1/2, y, z-1/2]. N1 and N6 are con-
nected to the [ReVX¢]* anions through bifurcated three-
centered N-H--X hydrogen bonds [Figures S3 and 3;
N1---Clid and N6---Cl2e distances of 3.445(4) and 3.093(4)
A in 1, with N1--Brid and N6.--Brze distances of 3.539(4)
and 3.202(1) in 2, (d) = -x+7/4, y+1/4, z+3/4; (€) = -x+3/2, -
y+1/2, z] (Tables 2-3). The third type of N-H---O hydrogen
bonds involves bisadeninium cations and water molecules
linked to N6 and N7 [N6---Omw and N7---Omw distances
being 2.975(6) and 2.751(6) A in 1 and 2.965(6) and
2.773(5) in 2].
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Figure 3. Perspective view of a fragment of crystal packing in
2 showing detailed N-H---Br and N-H:+-Oyater hydrogen bonds
interactions (dashed lines), which involve the diprotonated
[H,ade]?* cation.
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Figure 4. Details of the X--[Re!VXg]* interaction (dashed
brown lines) and surroundings built through H-bonds
(dashed gray lines) involving the X- anion in the crystal pack-
ing of 2.

This supramolecular [H,ade]---[H,O] aggregate is further
linked to another water molecules generating “water di-
mers” acting as linkers towards free X~ and [ReVXs]* ani-
ons [Oww--O2w 2.746(6) and 2.789(5) A] (Figures 4 and
S4). The resulting supramolecular assembly defines a
pseudo-butterfly motif (Figures 2a and S2a).

Looking at the crystal packing of 1 and 2, it is evident that
an additional supramolecular interaction exits between X
anions of either neighboring [Re'VXs]* complexes (Figures
2 and S2) or the free X anions (Figures 4 and S4), associ-
ated with the presence of relatively short X---X distances
[Clg--Claf and Cl2---Cl3g distances of 3.58 and 3.80 A for 1,
and Brg---Brif and Br2---Br3g distances of 3.63 and 3.81 A
for 2, (f) = %+x, 14y, % +z; (g) = X, y, 1-z].%° One of these
intermolecular halogen bonding interactions in 1 and 2
lead to branched chains of [Re'VXs]* anions with append-
ed X residues, growing in the c-axis direction (Figures 2
and S2). The intrachain Rer--Reig distances through the
double ReV-X..-X-Re!V bridges are 7.137(1) (1) (Figure S2)
and 7.356(1) A (2) (Figure 2), while the shortest interchain
Rei1--Reih separations being 9.677(1) and 10.030(1) A in 1
and 2, respectively [(h) = Y5+x, y, Y4+z].

Finally, weak C-H--X type interactions between [H,ade]**
cations and [ReVXs]> anions support the cohesion of the
whole supramolecular network in the crystal structures of
1 and 2 [C--X distances varying in the ranges of 3.379(5)-
3.832(5) A and 3.521(5)-3.924(5) A for 1 (Figure S4) and 2
(Figure 4)].



Overall, the supramolecular packing of 1 and 2 is best
described as alternating sheets of bisadeninium cations
and [ReVX¢]> anions developing along the b axis (Figure 5
and Ss). The halide ions are grasped between the nucleo-
base entities through hydrogen bonds with the nitrogen
atoms and lattice water molecules (Figures 3 and 4). Lay-
ers of bisadeninium cations and hexahalorhenate(IV)
anions further interact by anion-cation, cation-water and
water-water hydrogen bonds (Figure 3). This supramo-
lecular network is further supported by halogen bonding
interactions (see Figures 2 and 4 for 2 and Figures Sz and
S4 for 1).

Table 2. Hydrogen-Bonding Interactions in 1°

D-H-A D-H/A H---A/A D---A/A  (DHA)/°

N(D-H(1)--Cl(1d) ~ 0.860 2.87 3.445(4) 1258
N(1)-H(1)-+-CI(4) 0.860 2.47 3.246(4) 1499
N(6)-H(6A)---CI(4)  0.860 2.41 3.197(4) 152.8
N(9)-H(9):*-Cl(4c) 0.89(6) 2.21(6)  3.084 (4) 168(7)
N(6)-H(6B) )--O(1w) ~ 0.86(5) 2.15 2.965(6) 158.3

N(7)-H(7)---O(1w)
O(1w)-H(2w) -0(2w)
O(2w)-H(4w)---Cl(4h)

0.78(5) 1.99(5)  2.751(6)  163(5)

0.93(4) 1.82(4) 2.746(6) 172(5)

0.97(3) 2.33(4)  3.292(4) 170(6)

“Symmetry codes: (¢) = x-1/2, y, z-1/2; (d) = -xt7/4, y+1/4, z+3/4; (h) = -
x+9/4, y-1/4, z-1/4.

Table 3. Hydrogen-Bonding Interactions in 22

D-H--A D-W/A H-A/A D-A/A (DHA)®

N(1)-H(1)---Br(1d)  0.860 2.92 3.539(4)  130.0
N(1)-H(1)---Br(4) 0.860 2.70 3.470(4) 1492
N(6)-H(6A)---Br(4)  0.860 2.52 3.332(4) 1574

N(9)-H(9)-Br(4c) 0.85(5) 2.40(5) 3.237(4) 170(6)
N(6)-H(6B)---O(1w)
N(7)-H(7)---O(1w)
O(1w)-HQ2w) --O(2w)

OQw)-H(4w)---Br(4h)  0.91(3) 2.58(4)

0.86(5) 2.15(5)  2.975(6)  160.0

0.90(5) 1.91(5)  2.773(5)  158(5)
2.789(5)  175(6)

3.474(4) 168(5)

0.91(3) 1.88(3)

“Symmetry codes: (¢) = x-1/2, y, z-1/2; (d) = -x+7/4, y+1/4, z+3/4; (h) = -
x+9/4, y-1/4, z-1/4.

Figure 5. Perspective view along the crystallographic ¢ axis
of the overall supramolecular assembly of cations, anions and
water molecules of 2, showing the regularly intercalating
[H.ade]>* cations and the eclipsed one-dimensional ar-
rangement of [ReXs]> anions along the c-axis direction
through double ReV-X:--X-Re!V contacts.

Magnetic properties of 1 and 2

Direct current magnetic susceptibility measurements
were carried out on microcrystalline samples of 1 and 2 in
the 2.0-300 K temperature range, under external magnetic
fields of 0.1 T (at T > 30 K) and 0.025 T (at T < 30 K). The
magnetic properties of 1 and 2 in the form of both ymT
and ym vs. T plots (ym being the molar magnetic suscepti-
bility) are shown in Figures 6 and 7, respectively. At room
temperature, the yvT value is 1.53 cm3 mol™ K for 1 and 2,
a value which is very close to that expected for a magneti-
cally isolated Re" ion (Sge = 3/2) with ¢ = 1.8-1.9.27 Upon
cooling, the yuT values for 1 and 2 continuously decrease
reaching values of 0.10 (1) and 0.05 cm3 mol™ K (2) at 2.0
K. The decrease of ymT observed for 1 and 2 is likely due
to the presence of intermolecular interactions and/or
zero-field splitting (zfs) effects.>4¢ The presence of a
maximum in the magnetic susceptibility at ca. 6.0 (1) and
12.0 K (2) (see insets of Figs. 6 and 7) unambiguously
supports the occurrence of antiferromagnetic exchange
interactions between the Re!V ions. No out-of-phase sig-
nals in the ac magnetic susceptibility are observed for
either 1 or 2.

In fact, a detailed inspection of the crystal packing fea-
tures of 1 and 2 reveals the presence of short X---X con-
tacts between the paramagnetic [ReXg]*" anions (Figs. 2
and S2), which could serve as convenient pathways for the
transmission of the exchange interactions between the
magnetically anisotropic Re!V ions.?747-59



In order to analyze the magnetic behavior of 1 and 2, we
have employed the spin Hamiltonian for a mononuclear
rhenium(IV) complex of eq (1), where D is the zero-field
splitting parameter and gy and g. are the parallel and
perpendicular components of the Landé factor of an axial-
ly distorted Re ion.
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Figure 6. Thermal variation of the ymT product for 1. The
solid red line represents the best-fit of the experimental data
(see text). The inset shows the temperature dependence of
the magnetic susceptibility.

i =D[8,) - sS+0/13]+ g, pH,S, +g. B, S, +H, §,) (1)

The first term in eq (1) corresponds to the zero-field split-
ing (2D being the energy gap between the two Ms = +3/2
and Ms = #1/2 Kramers doublet), and the last two terms
the Zeeman effects.
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Figure 7. Thermal variation of the ymT product for 2. The
solid red line represents the best-fit of the experimental data

(see text). The inset shows the temperature dependence of
the magnetic susceptibility.

The magnetic susceptibility data of 1 and 2 were fitted
through the appropriate theoretical expression derived
from eq (1) by including an additional 6 term to account
for the intermolecular magnetic interactions (zj), where
0 is the Weiss factor defined as 6 = zjSre(Sre + 1)/3ks within
the mean field approximation.®> Attempts to fit the exper-
imental data of 1 and 2 through a Heisenberg linear chain
coupling model gave low-quality fits, especially in the low
temperature region. The least-squares fits of the experi-
mental data for the isotropic case (gy= g1 = g) gave |D| =
8.03 cm?, g = 1.85 and 0 = —12.6 K with R = 8.7 x 107 for 1,
and |D| = 5.86 cm™, g =1.84 and 6 = —16.7 K with R = 2.0 x
104 for 2 {R being the agreement factor defined as
ST — (e T)i<]>/ [(xmT)i**%]?} (solid red lines in
Figures 6 and 7). Hence, the estimated values of the in-
termolecular magnetic exchange parameter (zj) are —7.0
and —9.3 cm™ for 1 and 2, respectively.

X
>(\'/ ):\H'/x Zl—>y
/ﬂ\ /ﬂ\
X-nmnmnne R x

Figure 8. Schematic of the intermolecular double bridging
network for 1 and 2, {RelV-X.--X-Rel},, showing the relative
orientation of the dy*.,*/dy*? (a), dx./dx. (b), and dy./dy, (c)
pairs of magnetic orbitals of the octahedral Re!V ions.

The obtained values of g and D for 1 and 2 are in agree-
ment with those previously reported for compounds con-
taining [ReXs]* anions.#”% The negative sign of the 0
values obtained from the fits supports the occurrence of
significant antiferromagnetic interactions between the
Re!Vions, the zj value of 2 being greater than that of 1.



These results can be explained, at least in part, by the
different nature of the halide ligands which are involved
in the intermolecular double bridging network for 1 and
2, {ReV-X...-X-Re'V}, [X = CI (1) and Br (2)], as illustrated
in Figure 8. Given that 1 and 2 are isostructural salts and
the intermolecular X:--X distance is the same in both
compounds [r = 3.80 (1) and 3.81 A (2)], the stronger mag-
nitude of the magnetic exchange coupling in 2 is likely
due to the more diffuse character of the 4p orbitals of the
bromide ions, compared to the 3p orbitals of the chloride
ions in 1, in spite of the larger Re-X bond lengths [R =
2.359(1) (1) and 2.508(5) A (2)] and intermolecular Re---Re
separation [d = 7.137(1) (1) and 7.356(1) A (2)]. This feature
leads to an increase in the overlap between either the o-
type dx2-y2/dx2-y2 or the n-type dy,/dy, and dy,/dy, pairs of
magnetic orbitals, thus favoring the magnetic coupling
between the Re!V ions across the intermolecular Re-X:--X-
Re exchange pathways.

Conclusions

In summary, the crystal structures and magnetic proper-
ties of two novel Re'Y compounds, of general formula
[H.ade].[ReXs]X,-4H,O [X = Cl(1) and Br(2)], based on
[ReXe]* anions and doubly protonated adenine cations
have been studied for the first time. In both compounds,
the organic cations and the inorganic anions self-
assemble into novel supramolecular structures through a
combination of hydrogen and halogen bonds. The latter
are responsible for propagating relatively strong intermo-
lecular antiferromagnetic exchange interactions between
the Re' ions through short Re-X.--X-Re contacts. Given
that 1 and 2 are isostructural compounds, exhibiting the
same value of the shortest X:--X distance, we can directly
observe the effect of changing the halide ligand on the
magnetic exchange. As evidenced by our results, the larg-
er diffuse character of the 4p orbitals of the bromide lig-
ands when compared to the 3p orbitals of chloride ligands
would account for the enhancement of the magnetic ex-
change observed in 2. This feature may therefore prove to
be an effective tool to have in mind when attempting to
increase the magnetic coupling in this type of compounds
in order to obtain rhenium(IV)-based molecular magnetic
materials with higher ordering temperatures.

Experimental Section

Materials and Physical Measurements

All manipulations were performed under aerobic condi-
tions, using materials as received (reagent grade).
(NH,).[ReCl¢] and K,ReBrs were prepared following the
synthetic methods described in the literature.®

Elemental analyses (C, H, N) were performed by the Cen-
tral Service for the Support to Experimental Research
(SCSIE) at the University of Valencia. Infrared spectra of 1
and 2 were recorded (as KBr pellets) with a PerkinElmer

Spectrum 65 FT-IR spectrometer in the 4000-400 cm™
region. Variable-temperature, solid-state direct current
(dc) magnetic susceptibility data down to 2.0 K were col-
lected on a Quantum Design MPMS-XL SQUID magne-
tometer equipped with a 7 T dc magnet. Experimental
magnetic data were corrected for the diamagnetic contri-
butions of the constituent atoms by using Pascal’s con-
stants.6+%5

Preparation of Compounds 1 and 2

1. A mixture of (NH,),[ReCls] (0.10 mmol, 43.5 mg) and
adenine (0.20 mmol, 27.0 mg) was dissolved in HCI (6.0
M, 15.0 mL) and heated to 60 °C with continuous stirring
for 30 minutes. The resulting green solution was filtered
and left to evaporate. Pale green crystals of 1 were grown
in 2-3 days. Yield: 31 %. Crystals suitable for X-ray diffrac-
tion studies were obtained by reducing the amount of
adenine to 15 equivalents. Anal. Cald. (found) for
CoH..N,,O,ClsRe (1): C, 14.7 (14.5); H, 2.7 (2.9); N, 17.2
(17.6) %. IR peaks (KBr/cm™): 3554 (m), 3474 (m), 3319
(m), 3196 (m), 3119 (M), 3069 (M), 2921 (m), 2849 (m), 2591
(m), 2527 (m), 2360 (W), 1897 (m), 1705 (vs), 1624 (s), 1507
(m), 1438 (m), 1378 (s), 1292 (M), 197 (m), 1161 (M), 1106
(w), 1022 (m), 941 (s), 892 (m), 812 (m), 774 (m), 718 (m),
613 (m), 603 (m), 548 (m), 548 (w).

=

2. A mixture of K,ReBrs (0.10 mmol, 74.4 mg) and adenine
(0.20 mmol, 27.0 mg) was dissolved in HBr (6.0 M, 15.0
mL) and heated to 55-60 °C with continuous stirring for
30 minutes. An orange solution was obtained, filtered and
left to evaporate. Orange crystals of 2 were grown in 2-3
days. Yield: 29 %. As in 1, crystals suitable for X-ray dif-
fraction studies were obtained by reducing the amount of
adenine to 1.5 equivalents. Anal. Cald. (found) for
CoH..N,,O,BrsRe (2): C, 10.3 (10.5); H, 1.9 (1.9); N, 12.0
(11.8) %. IR peaks (KBr/cm™): 3579 (m), 3484 (m), 3310
(m), 3190 (m), 3109 (m), 3063 (m), 2015 (m), 2842 (m),
2591 (m), 2525 (m), 2344 (w), 1882 (m), 1701 (vs), 1621 (s),
1504 (m), 1434 (m), 1376 (s), 1288 (m), 193 (m), 1153 (m),
1020 (m), 940 (m), 893 (m), 825 (m), 771 (m), 717 (m), 612
(m), 600 (m), 546 (W), 474 (w).

X-ray Data Collection and Structure Refinement

X-ray diffraction data on single crystals of dimensions
0.72 X 0.11 X 0.08 (1) and 0.46 x 0.12 X 0.09 mm3 (2) were
collected on Rigaku Oxford Diffraction XCalibur (1) and
Rigaku Oxford Diffraction SuperNova (2) X-ray diffrac-
tometers using Mo-K, radiation (A = 0.71073 A). CrysA-
lisPro was used for diffractometer control and data pro-
cessing. Crystal parameters and refinement results for 1
and 2 are summarized in Table 1. The structures of 1 and 2
were solved by direct methods and subsequently com-
pleted by Fourier recycling using version 2013/4 of
SHELXL.%-%¢ The final full-matrix least-squares refine-
ments on F?>, minimizing the function Xw(|F,-|F)?



reached convergence with the values of the discrepancy
indices given in Table 1. All non-hydrogen atoms were
refined anisotropically. H7 and Hg atoms of the gH-
adenine-1,7-diium cation were found from the AF map
and refined, whereas the rest of hydrogen atoms were set
in calculated positions and refined using a riding model.
The graphical manipulations were performed with Crys-
talMaker Software.®® CCDC 1556332 (1) and 1556333 (2).

ASSOCIATED CONTENT

Supporting Information. X-ray crystallographic data in CIF
format for compounds 1 and 2. Figures S1-Ss. This material is
available free of charge via the Internet at
http://pubs.acs.org. Data is available from Edinburgh
Datashare: http://datashare.is.ed.ac.uk.
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Enhancement of the Intermolecular Magnetic Exchange
through Halogen---Halogen interactions in Bisadeninium
Rhenium(lV) Salts
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Two novel adenine-based Re'Y compounds have been synthesized and magneto-structurally characterized. Both compounds
are isostructural hexahalorhenate(IV) salts that crystallize in the orthorhombic system with space group Fdd2. In the present
work, we show how the substitution of coordinated chloride anions from the Re' complex by bromide ligands causes a sig-
nificant enhancement of the intermolecular magnetic exchange between the paramagnetic metal ions.



