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Abstract: [M(CeFs){ N(H)=CPh2}] (M = Ag (1) and Au (2)) complexes have been synthesized and
characterized by X-ray diffraction analysis. Complex 1 shows a ladder-type structure in which two [Ag-
(CeFs){ N(H)=CPh_}] units are linked by a Ag(l)—Ag(l) interaction in an antiparallel disposition. The dimeric
units are associated through hydrogen bonds of the type N—H-+-Fomno. On the other hand, gold(l) complex
2 displays discrete dimers also in an antiparallel conformation in which both Au(l)—Au(l) interactions and
N—H---Forno hydrogen bonds appear within the dimeric units. The features of these coexisting interactions
have been theoretically studied by ab initio calculations based on four different model systems in order to
analyze them separately. The interactions have been analyzed at HF and MP2 levels of theory showing
that, in this case, even at larger distances. The Au(l)—Au(l) interaction is stronger than Ag(l)—Ag(l) and
that N—H---F hydrogen bonding and Au(l)—Au(l) contacts have a similar strength in the same molecule,
which permits a competition between these two structural motifs giving rise to different structural
arrangements.

Introduction some physical properti€sNevertheless, in most cases the
formation of polymeric structurésor the ligand architecture
Plays a significant role in the aggregation of the metal centers
and there are few examples of unsupported Agfiy(l) or
Cu()—Cu(l) interactions’ this may indicate that these are
weaker than those of AufhAu(l), leaving themetallophilicity
oncept as a matter for discussion.

In contrast, hydrogen bonds are well established as structural
motifs for the construction of molecular networks. These interac-

Aurophilicity is the tendency of closed-shell gold(l) atoms
to aggregate at distances shorter than the sum of the van de
Waals radii with an interaction energy that is comparable in
strength to hydrogen bonddt is important to note that this
aggregation is an intrinsic effect of the metal centers and is not
imposed by the ligand architecture; this has been demonstratedc
in a large number of experimental and theoretical reported exam-

pleg and, in principle, gole-gold interaction_s Cqmd bg use_d to tions have been widely reviewed by Desiraju showing that
contrpl supramolecular structures and their dimensionglity. several organometallic molecules bind into crystal architectures
This effect has prompted a number of research groups to See"through intermolecular hydrogen borfdsndeed, hydrogen
similar situations in other closed-shell metal atoms of the same bonding is known as the master-key interaction in crystal engi-
period or even the same group. Thasgentophilicityor even neering because it combines directionality with strength. On

cuprophilicity are terms coined to describe the analogous e gther hand, hydrogen bonding has been extensively studied
phenomena and have also been theoretically analyZéese

metallophilic interactions are considered to be responsible for (4) (a) Pyykkq P.; Runeberg, N.; Mendizabal, Ehem. Eur. J1997, 3, 1451.
(b) Pyykka P.; Mendizabal, Anorg. Chem1998 37, 3018. (c) Ferfiadez,
E. J.; Lgpez-de-Luzuriaga, J. M.; Monge, M.; Réguez, M. A.; Crespo,

* Corresponding author. E-mail: alaguna@posta.unizar.es. 0.; Gimeno, M. C.; Laguna, A.; Jones, P.I6Borg. Chem1998 37, 6002.
(1) (a) Schmidbaur, H.; Graf, W.; Mler, G. Angew. Chem., Int. Ed. Engl. (5) (a) Che, C. M.; Tse, M. C.; Chan, M. C. W.; Cheung, K. K.; Phillips, D.
1988 27, 417. (b) Harwell, D. E.; Mortimer, M. D.; Knobler, C. B.; Anet, L.; Leung, K. H.J. Am. Chem. SoQ00Q 122 2464. (b) Che, C. M.;
F. A. L.; Hawthorne, M. FJ. Am. Chem. So996 118 2679. (c) PyykKo Mao, Z.; Miskowski, V. M.; Tse, M. C.; Chan, C. K.; Cheung, K. K;
P.; Zhao, Y. FAngew. Chem., Int. Ed. Endl991, 30, 604. (d) Pyykko Phillips, D. L.; Leung, K. HAngew. Chem., Int. EQ00Q 39, 4084.
P.; Li, J.; Runeberg, NChem. Phys. Lettl994 218 133. (e) Bachman, (6) Tong, M. L.; Chen, X. M,; Ye, B. H.; Ji, L. NAngew. Chem., Int. Ed.
R. E.; Fioritto, M. S.; Fetics, S. K.; Cocker, T. M. Am. Chem. So001, 1999 38, 2237.
123 5376. (7) (a) Eastland, G. W.; Mazid, M. A.; Russell, D. R.; Symons, M. CJR.
(2) Pyykkg P.Chem. Re. 1997, 97, 597. Chem. Soc., Dalton Tran&98Q 1682. (b) Boche, G.; Basold, F.; Marsch,
(3) Leznoff, D. B.; Xue, B. Y.; Batchelor, R. J.; Einstein, F. W. B.; Patrick, M.; Harms, K.Angew. Chem., Int. Ed. Engl998 37, 1684.
B. O. Inorg. Chem.2001, 40, 6026. (8) Desiraju, G. RJ. Chem. Soc., Dalton Tran200Q 3745.
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from a theoretical point of view giving a rich source of
supplementary information concerning this phenomehon.

Table 1. Details of Data Collection and Structure Refinement for
Complexes 1 and 2

Going further, self-assembled supramolecular architectures fcomp?. 1Q e AGEN é e AUEN
. . _ formula or11AgFs! 19M11AUFS]
are curren.tly of great |nterest.. In thls context, a number of gold formula weight 156.16 545 25
(N and silver(1}! structures in which Au(F-Au(l) or Ag(l)— T(K) 173(2) 293(2)
Ag(l) interactions coexist with hydrogen bonds have been wavelength (A) 0.71073 0.71073
reported. Thus, the competition between hydrogen bonding and ¢rystal size (mm) 0.%04x01  0.25x 0.23x 0.20
llophilic interactions in the same crystal structure would crystal system monoclinic monoclinic
metallop ) y ) space group P2i/c P2i/c
lead to a delicate balance between both structural motifs. a(A) 13.5320(16) 13.6780(4)
Most of the literature regarding metallophilicity and hydrogen b (3) 5.6217(8) 7.6814(3)
bonding has taken the crystallographic or spectroscopic point E(deg) 291561266é(33) 11763687067((52))
of view. Although metat-metal interactions and H-bonds have v (&3 1638.5(4) 1726.68(10)
been separately studied by theoretical calculations, as far as weZ - 4 4
i i i Dcaic (Mmg/n?) 1.849 2.097
know, Fhereb IS no reportldt.hat emphasmgi '(tjhe thek())regcal (Mo Kot) (mm-1) 1285 8750
ComPar_'SO'? etween gotdjold interactions and hydrogen bonds 0 range for data collect. (deg) 3.02 to 25.00 2.93t020.81
coexisting in the same molecule. no. of reflcns. collected 4295 4186
In this context, we now report the synthesis and structural R(Int)f, sevendent ref 0-%5 0-2222
. . . ~ Nno. of Independent reficns
characterization of the organometal!lc compounds [BFEE absorption correction Wiscans multiscan
{N(H)=CPh}] (M = Ag (1), Au (2)) in which Ag(l)—Ag(l) data/restraints/parameters 2884/0/239 1806/97/235
or Au(l)—Au(l) intermetallic interactions coexist with hydrogen  goodness-of-fit orf 1.032 1.084
bonds. Ab initio calculations have been carried out in order to final Rindices | > 2o(1)] 0.0187,0.0464  0.0339,0.08

explain the role of these structural motifs in the formation of
the crystal structures in the solid state.

Experimental Section

General. The reactions were carried out under an argon atmosphere
and the solvents were dried by standard methods prior to use.

Benzophenoneimine ligand and AgGl&e commercially available and
were purchased from Aldrich. The rest of the starting materials,sNBu
[Ag(CeFs)2],*? [AQ(CeFs)],*? and [Au(GFs)(tht)],*® were prepared ac-
cording to the literature.

Infrared spectra were recorded in the range of 46800 cn1? on
a Perkin-Elmer FT-IR Spectrum 1000 spectrophotometer with Nujol

(R1, wR2)
Rindices (all data)R1, wR2)
largest diff. peak and

hole (eA~3)

0.0233, 0.0476
0.300 and-0.330

0.0487, 0.0865
0.964 and-1.854

3308 cn. 1%F NMR((CDs),CO, room temperature, ppm —106.40
(m, 2F, k); 6 —160.71 (t, 1F, F 3J(F,—Fn) = 19.5 Hz);0 —162.68
(m, 2F, F). *H NMR((CDs),CO, room temperature, ppm) 10.48
(s, 1H; N=H); 6 7.58-7.92 (m, 10H; Ph). ESf) m/z (%): 288 (5)
[Ag(N(H)=CPh)]*, 441 (100) [Ag(N(H=CPh)2]". ES() m/z (%):
441 (100) [Ag(GFs)2] -

[Au(CeFs){ N(H)=CPhy}] (2): To a dichloromethane solution of

mulls between polyethylene sheets. C, H, N analysis was carried out [AU(CsFs)(tht)] (0.181 g, 0.4 mmol) was added NEHEPH (0.066 mL,
on a EA 1110 CHNS-O microanalyzer. Mass spectra were recorded 0.4 mmol). After 30 min of stirring the solvent was reduced under

on a HP59987 A ELECTROSPRAY spectrometét. and *°F NMR
spectra were recorded on a Bruker ARX 300 in CPé&blutions.
Chemical shifts are quoted relative to SiMé&H, external) and CFGI
(*°F, external).

Syntheses. [Ag(GFs){ N(H)=CPhy}] (1): Method a. To a diethyl
ether solution of [Ag(@Fs)] prepared from NBLAg(CeFs)2] (0.274 g,
0.4 mmol) and AgCIl@ (0.082 g, 0.4 mmol) was added NEHLPh
(0.066 mL, 0.4 mmol). After 30 min of stirring the solvent was removed
under reduced pressure and addition rehexane gave a white
precipitate {). The solid was filtered off and washed witkhexane (3
x 5 mL). Yield 68%.Method b. To a dichloromethane solution of
NBuUs[Ag(CeFs)2] (0.274 g, 0.4 mmol) was added complex [Ag(N&H)
CPhy),|CIO4** (0.228 g, 0.4 mmol). Afte2 h of stirring the solvent
was removed under vacuum and addition of diethyl ether led to the
precipitation of a white solid identified as [NB{CIO4], which was
filtered off. The obtained diethyl ether solution was reduced under
reduced pressure to ca. 5 mL and additiom-dfexane and subsequent
filtration gave complexl as a white solid. Yield 79%. Anal. Calcd.
for CigH11AgFsN: C, 50.02; H, 2.43; N, 3.07. Found: C, 49.61; H,
2.24; N, 2.73. IR: v(CeFs) at 1498, 943 and 791 cri »(N—H) at

(9) Scheiner, SHydrogen Bonding. A Theoretical Perspeeti Oxford

University Press: New York, 1997.

(10) (a) Hollatz, C.; Schier, A.; Schmidbaur, Bl. Am. Chem. S0d.997, 119,
8115. (b) Tzeng, B. C.; Schier, A.; Schmidbaur, IHorg. Chem.1999
38, 3978. (c) Arhens, B.; Jones, P. G.; Fischer, AEKr. J. Inorg. Chem.
1999 1103.

(11) Smith, G.; Reddy, A. N.; Byriel, K. A.; Kennard, C. H. . Chem. Soc.,
Dalton Trans.1995 3565.

(12) Usm, R.; Laguna, A.; Abad, J. Al. Organomet. Chen1983 246, 341.

(13) Usm, R.; Laguna, A.; Vicente, J. Chem. Soc., Chem. Commad9873
353.
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vacuum to ca. 3 mL and addition ofhexane gave a white precipitate
that was filtered off. Yield 86%. Anal. Calcd. for.@1:AuFsN: C,
41.85; H, 2.03; N, 2.36. Found: C, 41.67; H, 2.10; N, 2.36. IR:
v(CsFs) at 1505, 955, and 790 crfy »(N—H) at 3276 cm™. 1%F NMR
(CDCl;, room temperature, ppm)) —116.40 (m, 2F, F); 6 —159.77

(t, 1F, R, 3(Fo—Fm) = 20.1 Hz);0 —163.14 (m, 2F, F). *H NMR-
(CDCls, room temperature, ppm)) 9.02 (s, 1H; N-H); 6 7.49-8.07
(m, 10H; Ph). ES{): m/z (%): 469 (10) [M— Ph]". ES(-) m/z (%):
521 (100) [Au(GFs)2] .

Crystallography: X-ray Structure Analyses. Siemens P41) or
Nonius Kappa CCD2) difractometerse and¢ scans, Mo K radiation
(A =0.71073 A), graphite monochromator. The structures were refined
on F2 with the program SHELXL-9% with anisotropic thermal
parameters for all non-hydrogen atoms; the NH hydrogen atom was
refined freely inl, all other H using a riding model.

Computational Details. The molecular geometries were initially
optimized, keeping the intermolecular interactions frozen at large
distances, at the DFT level of theory with the B3-LYP functional as
implemented in the Gaussian 98 package progdfdaiectron correla-
tion, keeping the core orbitals frozen, was included in further single
point calculations at various metainetal or H--F distances by using
Mgller—Plesset perturbation thedfywith second-order corrections

(14) Codina, A.; Crespo, O.; Feémadez, E. J.; Jones, P. G.; Laguna, A”pea-
de-Luzuriaga, J. M.; Olmos, Hnorg. Chim. Actaln press.

(15) Sheldrick, G. MSHELXL-97 Program for Crystal Structure Refinement;
University of Gdtingen: Gdtingen, Germany, 1997.

(16) Gaussian 98version A.7; Gaussian, Inc.: Pittsburgh, PA, 1998.

(17) (a) Mgller, C.; Plesset, M. $hys. Re. 1934 46, 618. (b) Hehre, W. J.;

Radom, L.; Schleyer, P. v. R.; Pople, J. Ab Initio Molecular Orbital

Theory John Wiley: New York, 1986.
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Scheme 1. Synthesis of [M(CeFs)(N(H)=CPhy)] (M = Ag(1),

Au(2))
NBu,[Ag(CeFs),] + AgClO, AgCIO, + 2Ph,C=N(H)
-NBu,ClO,
2 [Ag(CeFs)] [Ag{Ph,C=N(H)},ICIO,
2
£,
éo\\/p
&

2 [Ag(CgF5){Ph,C=N(H)}]
1

[Au(CeFs){Ph,C=N(H)}]
2

[Au(CgFs)(tht)] + Ph,C=N(H)

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

Complex 12
Figure 1. Crystal structure of comples. Selected bond distances [A]
and angles [deg]: N-F(5) 3.186(2), H(O)-F(5) 2.53(2), N-H(0)--F(5) Ag—C(11) 2.091(2)  AgN 2.1315(17)
130(2), AG—Ag#1. Ag—Ag#l 3.0668(4) N-C(1) 1.287(3)
: C(1)-C(31) 1.483(3) C(1yC(21) 1.494(3)
(MP2) using the Turbomole prograth.The interaction energy at C(11-Ag—N 171.23(7) C(11yAg—Ag#l  74.68(5)
Hartree-Fock (HF) and MP2 levels of theory was obtained according N—Ag—Ag#1 113.38(5) C(1yN-Ag 129.50(15)

N—C(1)—C(31) 118.85(18) NC(1)-C(21) 121.85(18)

to eq 1: C(31-C(1)-C(21) 119.27(17)

AE= EAB(AB) - EA(AB) - EB(AB) =V(R aSymmetry transformations used to generate equivalent atoms:
#l—x-—y+1-z
a counterpoise correction for the basis-set superposition error (BSSE)
on AE was thereby performed.
The following basis set combination was employed: for H, C, N,

and F, the standard split-valence 6-31G(d) basig’&tand for Ag
and Au, the pseudorelativistic HayWadt small-core effective core
potential?? where the minimal basis set has been splitted to [341/3111/
31] and [341/3111/21], respectively.

Results and Discussion

Complex [Ag(GFs){ N(H)=CPh}] (1) was prepared from
NBuUs[Ag(CeFs)2]1? and [Ag{N(H)=CPh}5]ClO4M* in dichlo-
romethane at room temperature or by reacting a freshly prepared
solution of “Ag(GsFs)” in diethyl ether, obtained by the reaction
of NBuUsjAg(CeFs)] and AgCIQ,? with an equimolecular
amount of the free ligand N(HHCPh (Scheme 1). Compound
[Au(CgFs){ N(H)=CPh}] (2) was obtained in the reaction
between [Au(GFs)(tht)]*® and N(H=CPH in dichloromethane
in a 1:1 molar ratio (see Scheme 1).

The crystal structure of complet contains [Ag(GFs)-
{N(H)=CPh}] molecules, which are involved in two types of  Fjgure 2. Crystal structure of comple2. Selected bond distances [A]
intermolecular interactions (Figure 1). Thus, two [Agfe)- and angles [deg]: N(1)}F(5) 3.225(10), H&F5 2.75(7), N(1)-H(1)*-F(5)
{N(H)=CPh}] units display an Ag(I>Ag(l) interaction of  116.1(1). Ad—Au#L.

3.0668(4) A in an antiparallel conformation over an inversion

center. These dimeric units are associated via four (but only Incontrast, for [Au(GFs){ N(H)=CPhy}] (2) a different type
one crystallographically independent) hydrogen bonds of the of arrangement is observed (Figure 2). As in the silver
type N—H---F—C between the-NH groups of the imine ligands compound, two molecules @fare associated in an antiparallel
and the Guno of the pentafluorophenyl rings [H(@)F(5) disposition. In this case, both the Aufiju(l) interaction
2.53(2) A; N—H(0)+-F(5) 130(2}] leading to a ladder-type  (3-5884(7) A) and N-H-+-F hydrogen bonds (H(3}F(5) 2.75
structure (see Figure 1 and Table 2). A; N(1)—H(1)---F(5) 116) are present within the dimeric units,
which are not further associated, thus giving rise to a crystal

(18) Ahlrichs, R.; Ba, M.; Haser, M.; Horn, H.; Kémel, C.Chem. Phys. Lett.
1989 162, 165.

(19) Boys, S. F.; Bernardi, Mol. Phys.197Q 19, 553. (23) Frenking, G.; Antes, |.; Bune, M.; Dapprich, S.; Ehlers, A. W.; Jonas,
(20) Hariharan, P. C.; Pople, J. Aheor. Chim. Actdl973 28, 213. V.; Neuhaus, A.; Otto, M.; Stegmann, R.; Veldkamp, A.; Vyboishchikov,
(21) Hehre, W. J.; Ditchfield, R.; Pople, J. A. Chem. Physl972 56, 2257. S. F. InReviews in Computational Chemistriipkowitz, K. B., Boyd, D.
(22) Hay, P. J.; Wadt, W. Rl. Chem. Phys1985 82, 299. B., Eds.; VCH: New York, 1996; Vol. 8.
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Table 3. Selected Bond Lengths (A) and Angles (deg) for Table 4. Interaction Energies and Corresponding M—M

Complex 22 Equilibrium Distances Obtained with the [M(CsFs){ N(H)=CH>}].
Model System in a Perpendicular Disposition at HF and MP2
Au(1)-C(1) 2.002(10) Au(1FN(1) 2.044(8) Levels O¥The0ry P P
Au(1)—Au(1)#1 3.5884(7) N(1)}C(7) 1.300(11)
C(7)—-C(8) 1.470(13) C(AC(14) 1.477(13) model system Re (M-+M) (A) V(Re) (ki/mol)
C(1)—-Au(1)—-N(1) 178.0(3) C(1yAu(l)—Au(1)#1 110.1(2) [Ag(CeFs){ N(H)=CHz}]2
N(1)—Au(l)-Au(l)#1l 71.9(2) C(7¥N(1)—-Au(1) 132.0(6) HF level
N(1)—C(7)-C(8) 119.6(8) N(L)yC(7)—-C(14) 119.5(8) MP2 level 3.6 9.5
C(8)—C(7)-C(14) 120.9(7) [Au(CeFs){ N(H)=CHz} ]2
HF level 4.5 7.6
a Symmetry transformations used to generate equivalent atoms: 1 MP2 level 4.5 20.8
+1-y+2-z
a pPerpendicular.
Chart 1. Theoretical Model Systems [M(CeFs){ N(H)=CHz}]> (M =
Ag, Au)?
HyC, 200 —s—HF .
N\ = —e—MP2
CeFs——M——N(H)=CH, N TS 2
: | S 1004 -
ByC=(HN, | M M x
%\ >
M ey k. IL g’
\Cst ~\H/ \ G 9 7
CH, c
o
a b “g 100 - _
2|n modela (perpendicular arrangement of the molecules) intermetallic @
interactions are analyzed. In mode(C; symmetry) hydrogen bonding is £
studied. 200 - 4
L) M ¥ v L v L) v ) v T
lattice formed by noninteracting diauracycles (see Figure 2 and 25 3.0 35 40 45 50
Table 3). Ag--Ag distance (Angstroms)

The only difference for these complexes arises from the Figure 3. Interaction energy values for the Ag#Ag(l) interaction in
change of the metal centers, with the stoichiometry and the type complex1.
of ligands remaining unchanged. Thus, the drastic difference
between these two crystal structures could be assigned to the
different abilities of Ag(l) and Au(l) atoms to form intermetallic
interactions.

Closer inspection of the structural parameters foand 2
reveals thafl displays short Ag(h-Ag(l) distances and hydro-
gen bonds with a reasonable directionality while compex
shows long Au(l}-Au(l) distances and worse-based on both

200

g

o
'l

Interaction energy (kJ/mol)

length and directionality-hydrogen bonds. This analysis would & -1004 .
seem paradoxical since getdold interactions are expected to
be stronge®* and, in some cases, even shditéhan silver- 200 - J
silver ones. —— — e ———y

To rationalize these unexpected results, we carried out ab 25 30 35 40 45 50

initio calculations to investigate the intermolecular forces that Au--Au distance (Angstroms)

govern these arrangements. First, to keep the computational Costgjgure 4. Interaction energy values for the Au@Au(l) interaction in
feasible, we have carried out the geometry optimizations for complex2.

the monomers with the DFT method, which includes some of

the correlation energy at low cost. Next, we studied two different antiparallel orientation of the molecules. In these models the
model systems (Chart 1) formed by two molecules of the type metals were at large distances, thereby permitting the study of
[M(Ce6Fs){ N(H)=CHz}] (M = Ag, Au). The first studies were  hydrogen bonding interactions in both complexes. Finally, we
carried out on the perpendicular [M{&){ N(H)=CHa}],> (M performed MP2 single-point calculations (BSSE corrected) on
= Ag, Au) dimers shown in Chart 1a. In these cases we studied the gold(l) model system but, in this case, with the crystal
the nature of Ag(-Ag(l) and Au(l)—-Au(l) interactions, structure disposition studying the stabilization of the molecule
neglecting with these theoretical models the formation of when both Au(l)-Au(l) interactions and hydrogen bonds are
hydrogen bonds. To account for the metaletal interactions present at the same time.

in dimer units, the DFT method is not the most appropriate and, In Table 4 we summarize the interaction energies for the
consistently, MP2 calculations have been employed. The secondcorresponding MM equilibrium distances at HF and MP2
type of model systems are also [Mf&){ N(H)=CHg}1> (M = levels (see Figures 3 and 4). These data show some interesting

Ag, Au) dimers (Chart 1b) but in & symmetry with an features: (1) as in the experimental structural parameters, the
theoretically obtained equilibrium distance for the Ag(l)

(24) Pyykkq P.; Runeberg, N.; Mendizabal, Ehem. Eur. J1997, 3, 1451.

(25) Ferdadez, E. J.; Lpez-de-Luzuriaga, J. M.; Monge, M.; Roguez, M.
A.; Crespo, O.; Gimeno, M. C.; Laguna, A.; Jones, P.li@rg. Chem.
1998 37, 6002.
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Ag(l) interaction is shorter than the AutAu(l) one; (2)
surprisingly, even at larger distance, the getmld interaction
is roughly twice as stable as silvesilver (20.8 vs 9.5 kJ/mol),
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Table 5. Interaction Energies and Corresponding N—H---F
Equilibrium Distances Obtained with the [M(CgFs){ N(H)=CH}],
Model System in C; Symmetry at HF and MP2 Levels of Theory

model R. (N=H-+-F) (&) V(Re) (k/mol)
[Ag(CeFs){ N(H)=CHz}] Ci
HF level 3.00 38.3
MP2 level 3.00 46.8
[AU(CeFs){ N(H)=CH;}] Ci
HF level 2.50 39.6
MP2 level 2.25 49.6

N
]
1

100+

Interaction energy (kJ/mol)

100 - 4
200 - 4
—— 17—
1,0 15 20 25 30 35 40 45 50 55
N-H---F distance (Angstroms)
Figure 5. Interaction energy values for the-NH---F interaction in silver
complex1.

suggesting that, in this caseurophilicity is stronger than
argentophilicity (3) finally, it is important to note that correla-
tion effects are responsible for the metallophilic interactions in
the Ag complex since an energy minimum is obtained at the
MP2 level and repulsion is found at the HF level of theory,
where correlation effects are not included. The Au complex
displays a stabilization energy of abou?.6 kJ/mol at the HF
level that could be attributed to relativistic effects since
dispersion-type correlation effects are not included at this level.
The stabilization observed at the MP2 level20.8 kJ/mol)
indicates, as has been previously descritséd;* that both
relativistic and correlation effects are responsible for the
Au(l)—Au(l) interaction.

The interaction energies for the corresponding hydrogen
bonding equilibrium distances at HF and MP2 levels of theory
for both silver and goldC; models are given in Table 5 (see
also Figures 5 and 6). It is noteworthy that at the HF level an
interaction between H-F pairs appears, but,when correlation
effects are included at MP2 level, larger stabilizations are

observed, suggesting that hydrogen bonds have an importan

ionic contribution but that dispersion-type contributions should
also be included in their description. Thus, assuming that HF
covers mostly electrostatic interactions and the correlation

energy (difference between HF and MP2) covers dispersion-

type (van der Waals) contributions, for the Ag complex, we
observe that 82% of the \H---F interaction energy-{38.3
kJ/mol) is already obtained at the HF level. Nevertheless,
the MP2 level of theory displays an extra stabilization-&.5
kJ/mol (18%) due to correlation effects, giving rise to a total
stabilization energy of46.8 kJ/mol. A similar trend is obtained
for gold complex2 in which 80% ¢39.6 kJ/mol) of the

stabilization produced by the hydrogen bonds arises from an
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Figure 6. Interaction energy values for the-NH---F interaction in gold
complex2.

ionic contribution while an extra stabilization from dispersion-
type effects (20%;-10.0 kJ/mol) is observed at the MP2 level
of theory.

As can be observed in Table 5 the hydrogen bond pairs in
each model are energetically comparable at the MP2 level but
the distance is shorter for the gold(l) system. However, looking
at the experimental structural parameters, theH-distances
are shorter for silver complek These facts would indicate that
in the absence of metallophilic interactions the theoretically
predicted hydrogen bonds should be stronger and have a better
directionality in the gold(l) compound.

At this point we can ask the following questions: (1) Are
our calculations completely wrong? (2) If this is not the case,
how can the experimental facts be explained? Regarding the
first question, the level of calculation has proved its ability to
model this kind of metallophilic interaction in good agreement
with experimental result®:26 Thus, answering the second
qguestion, based on our calculations, the Au@u(l) inter-
action (20.8 kJ/mol) is energetically comparable with hydrogen
bonding (49.6 kJ/mol calculated for two of them in the dimer
model, one is 24.8 kJ/mol), as pointed out by Schmidbaur, but
this is not the case for the silver complex (Agthg(l)
interaction, 9.5 kJ/mol; single hydrogen bond, 23.4 kJ/mol; see
Tables 4 and 5). As a resultthen the Au(h-Au(l) interaction
is present in the same dimeric unit, the hydrogen bonding loses
strength and directionality in order to retain the getdold
interaction

Finally, to check that our method is correct, we have tried to
validate our theoretically studied model systems. To do this,
we have carried out a single-point MP2 calculation (BSSE
{:orrected) on the [Au(gFs){ N(H)=CHa} ]2 model system but
taking the coordinates obtained in the X-ray crystal structure.
This model includes the analysis of¥i---F hydrogen bonds
and Au(I-Au(l) interactions at the same time. We observe a
stabilization energy of-42.6 kJ/mol (for the experimental
Au—Au distance of 3.59 A and NH---F distance of 2.75 A)
when comparing with two free monomer units. On the other
hand, a value 0f-42.2 kJ/mol is derived by adding the energies
calculated at the MP2 level for the AlAu interaction (per-
pendicular model at a distance of 3.6 A, see Figure 4) and for
the N—H---F hydrogen bonding (Cantiparallel model at a

(26) Ferdadez, E. J.; Lpez-de-Luzuriaga, J. M.; Monge, M.; Roguez, M.
A.; Crespo, O.; Gimeno, M. C.; Laguna, A.; Jones, P.Giem. Eur. J.
200Q 6, 636.
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distance of 2.75 A, see Figure 6). The excellent agreement (2) Argentophilicitydoes appear, but as a weak interaction
between these values could validate our theoretical assumption$etween silver(l) centers, so that, in this study, the crystal
on the simplified model systems. structure of [Ag(GFs){ N(H)=CPh}] (1) is governed by the

Conclusions presence of hydrogen bonding as a stronger structural motif.
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