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EXPERIMENTAL GENERAL SECTION

All reactions were carried outnder N2 atmosphere The solventswere purified according to
standard procedurés. [Rh(COD)CIp? [Rh(CODY|BF4® (COD = 1,5Cyclooctadieng)
[Rh(CNXylyl)4]Cl,+ were prepared according to literatupgocedures. TheXylylisocyanide and
K[Au(CN)z] werepurchased from commercial suppliers and used as recénfeted spectra were
recorded with PerkirElmer Frontie(4000 200 cm?) equipped with a\TR accessory (Attenuated
total reflection) for the direct registration of solid sampMisible absorptn spectra of solutions
were recorded in a Shimadzu LP550 spectrophotometefhe NMR spectra were recorded with
Bruker Avance 400 Ultrashield, and Varian 500/54 Premium Shielded instruments$d &he °C
NMR spectra are referenced tetramethylsilangTMS), while *°F NMR spectra are referenced to
CFCbk. MALDI -TOF mass spectrometry was carried out using a Bruker Autoflex instrufiirent.
elemental analyses were performed with a Carlo Erba 1108 microanalyzer (Vigo University).

Experimental procedure for X-ray Crystallography

A crystal was attached to a glass fiber and transferred to an Agilent Supernova diffractometer with
an Atlas CCD area detector. Data collection was performed witi Mmadiation (= 0. 7107 3
and in some cases at low temperatur@ do the problems associated with loss of solvent
crystallization moleculesData integration, scaling and empirical absorption correction was carried
out using the CrysAlisPro program packagehe crystad werekept at 28 K or 180 K during data
collection. Using Olex3,the structure was solved with the olex2.sbleed refined with Shelx
program® The nonrhydrogen atoms were refined anisotropically and hydrogen atoms were placed at
idealized positions and refined using the ridingdelo Refinement proceeded smoothly to give the
residuals shownn Tables ESI1 and ESI2 CCDC 18946391894644 contains the supporting
crystallographic data for this paper. These data can be obtained free of charge at
www.ccdc.cam.ac.uk/conts/retrieving.htfor from the Cambridge Crystallographic Data Centre,

12, Union Road, Cambridge CB2 1EZ, UK; fax: (internat}4-1223/336033; Email:

deposit@ccdc.cam.acuk

The technical measurements were carreed with equipment of thed Tl services or the U
CINQUIMA (both of the University of Valladolid) unless otherwise stated.


http://www.ccdc.cam.ac.uk/conts/retrieving.html
mailto:deposit@ccdc.cam.ac.uk

SYNTHESIS AND CHARACTERIZATION OF THE COMPOUNDS
[Rh(CNXylyl)4](BF4) (1)

Xylyli socyanide(132 mg, 1.01 mmol) in dry dichloromethan€20 mL) was added slowly t@
solution of [Rh(COD}](BFa4) (100 mg, 0.246 mmol) in dry dichloromethang€10 mL) and the
mixture was stred at room temperature for.IThhesolutionwas concentrated by evaporation under
reduced pressurand precipitated withdiethyl ether(10 mL). The yellow solid was washed with
diethyl etherYield: 155 mg 88 %).

Suitable single crystals df (Figure 1, below) for X-ray Crystallographywere obtainedayering
diethyl etheiin a solutionof the compounah chloroform at250 K

1H NMR (499.72 MHz, CDGI 298K, Figure ESI) : 7.31i(m, 4H, Hp), 719 (m, 8H, Hm): 2.46 (s,
24H, CHs).

19 NMR (470.15 MHzCDCl 298K, Figure ESI® : i 15451 (1°BFa), i 15456 (XBFa).

13C {IH} NMR (125.67 MHz,CDCl 298K, Figure ESI3 and ES)4li 1 4 &C, RHOCN) 135.30
(8C, Ceri Me), 130.41 (4C, Crri Hp), 128.% (8C, Cehi Hm), 125.94 4C, Crri N), 18.78 8C, CH).

IR (ATR, neat, crit): 2129 (3cnxylyi), 104610318zr4' ). MS (MALDI -TOF): m/z cald for [M*-BF4#
] (M™ = CzeHzeNsRN"): 627.1990; found: 627.199&nal. calcd for GeHssBFsN4sRh: C 60.52 H
5.08 N 7.84 found C60.31 H5.00 N 7.61.

7.26 cdcl3

719

1.72HDO

731
—2.46

7.26 cdcl3

731
—7.19

—_—

74 72 7.0
f1 (ppm)

4.00
8.22

4 I
24.01r

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

Figure ESI1.'H NMR spectrunof 1 at 28 K in CDCl
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Figure ESI4. 2D-HSQCspectrunof 1 at 28 K in CDCl

[Rh(CNXylyl )2J[AU(CN) 2] (2)

Potassium dicyanoaurate(B4.2 mg, 0.084 mmbphlas dissolved in acetori#0 mL) and was added
dropwiseto a yellow solution ofl (50.0 mg, 0.0D mmol) in 20 mL of acetoneThe mixture was
stirred at room temperature forhiland the solution darkene@he solvent was evaporated under
reduced pressure and therplesolid obtained was washed withstilled water(33 10 mL)andthen
with diethyl ether(23 5 mL). Yield: 50 mg, 82%.

IH NMR (499.72 MHz, CBCl2 298K, Figure ESB) : & m,%H,Blpl, 7.1 (0, 8H, Hm); 2.49 (s,
24H, (H3).

13C {H} NMR (125.67 MHz,CD:Cl; 298 K, Figure ES6 and EST): & 150.21 (2C, AiICN),
149.04 (4C, RFi CN), 13547 (8C, Crri Me), 129.97(4C, Ceri Hp), 128.27(8C, Ceri Hm), 126.33(4C,
Crri N), 1866 (8C, CH3).

IR (ATR, neat, cm'): 2133 (3cnxyiyi-rn), 2193 Benad). MS (MALDI-TOF): m/z cald [M*-
(Au(CN)2)] (M* = CseHzsN4Rh"): 627.1990; found: 62201 Anal. calcd for GsHssAuNeRh: C
52.07 H4.14 N 9.59 found C51.81, H3.99 N 9.45
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Figure ESI 7. 2D-HSQC spectimof 2 at 28 K in CD,Cl.

The different crystal®f 2 were studied by »Ray diffraction(Figure 2) A photograph with single
crystals ofeach polymorph were shown in Figure ESBxamples ofinter-unit "-" stacking
interactions are collected in Figure ESI9.

2a

Figure ESI8. Microphotograph of single crystals &8, 2b and2c.
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- 2a orange crystals were obtainstbw diffusion of diethyl ether into aoncentrated
solution of the compound in chloroform at 250 K

- 2b: deepblue crystals were obtainetbw evaporatiorat room temperaturef a solution
of the compoundh a solvent mixture with acetone andheptaneat room temperature

- 2c deepgreen crystals were obtained by slow diffusadm-hexane into dilutedolution

of the compound inlichloromethane at room temperature

Figure ESI9. Extended structures @f (above, left)2b (above, right) an@c (below). Inter-unit " -" stacking
distances in .

[Rh(CNXylyl) 4]o[Au(CN)2][Au2(CN)3] (3)

During the crystallization oRa by slow diffusion of diethyl ether into a concentrated solution of
[RhL4][AU(CN)2] (2) in chloroform at 250 Kpurple crystalsof 3 suitablefor X-ray diffraction

appeared asbyproductafter several day3.he structure is depicted in Figure 3.

[Rh(CN)(CNXylyl) 3] (4)

NaCN (5.0 mg, 0.10 mmol) wasadded to a solution gRh(CNXylyl)4]CI (35.0 mg, 0.053nmol)
in acetone (20 mLyvith a few drops ofaddedwater. Themixture was stirred at room temperature
for 30 minutes. Then, the solution was filtered to remove NaCl and evaporated to dryness. The green

solid was washed with-hexane to remove free CNXyly2 3 5 mL) and extracted with 10 mL of
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CH2Cl2. Then, n-hexane 10 mL) was added and the solution was concentrated in vacuum and
cooled toi2 0 U CyelloW $okd obtained was filtered, washed withhexane (3 5 mL) and
vacuum driedYield: 22 mg (8 %).

Suitable yellow single crystals df(Figure ES10) for X-ray Crystallographyvere obtained by slow

evaporation of a diethyl ether solution of the compound.

A Ve

N Y N
/\/*'/b »"
«
| y
e I

Figure ESI10. X-ray structure of4 in balls and sticks viewThe asymmetric unitontains two slightly
different molecules

IH NMR (499.72 MHz, CBCl2 298 K, Figure ESI1) : & (m,BH, Mp), 7.15 (m, 6H, Hm), 2.49
(br, 18H, CH3).

IR (ATR, neat, cri¥): 2178 (3cn-rn), 2117 (3cnxylyl-Rh), 2105 (3cnxylyl-rh). MS (MALDI-TOF): m/z
cald [M*-(CN)] (M* = CasH27N4Rh): 496.1260 found: 496.1276 Anal. calcd for GsH27N4Rh: C
64.37, H5.21, N 10.72; four@ 64.21, H 531, N 10.90.
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REFINEMENT DATA OF THE X -RAY STRUCTURES

Table ESI1.Crystal data and structure refinements for compléx2a and2b (L = CN-2,6-Xylyl).

L sRhHAuU(CN L sRh}{Au(CN
[RhL{(BF2) (1) [{ 4L g{Hg éza ))z}] [{ [Z U(JZ{N )2]((2b;2}]
Empirical formula CseH3eBFsN4RD CsgH37AUCI3NgRh CssH3sAUNGRN
Formula weight 714.41 995.97 876.60
Temperature/K 294 180.00(14) 294
Crystal system triclinic triclinic triclinic
Space group P-1 P-1 P-1
al 11.7907(7) 7.6734(5) 11.7657(4)
b/ | 11.9943(7) 15.7599(12) 13.0544(5)
e/ 13.0642(7) 17.8463(10) 13.1851(5)
U/ A 103.531(5) 110.029(6) 96.657(3)
b/ A 103.457(5) 90.594(5) 102.564(3)
5/ A 93.287(4) 99.495(6) 109.808(3)
Vol urhe/ 1734.70(18) 1994.7(2) 1819.62(12)
7 2 2 2
| cag/CIT? 1.368 1.658 1.600
e/ mm 0.544 4.323 4.514
F(000) 732.0 976.0 860.0
Crystal size/mrh 0. 232 1137 1 0.449 T 0.1 0.239 I 0.0
Radiation Mo KU (& = ( Mo KU (& = ( Mo KU (& = (

2q range for data

6.944 to 58.914

6.838 t0 59.216

6.884 to 59.112

collection/ A

Index ranges -12 O K ‘6(‘3 oL %, -9 O h-2 D ®0 k|1-15 O Kl ‘7(‘3 oL %,
16 a7l (@) 23 0O | (@) 14 O | O

Reflections collected 12167 13755 12812

Independent reflections

7867 [Rint = 0.0364,
Rsigma = 0.0853]

9062 [Rint = 0.0393,
Rsigma = 0.0792]

8305 [Rint = 0.0369,
Rsigma= 0.0959]

Data/restraints/parameters

7867/0/423

9062/0/487

8305/0/426

Goodnesf-fit on P

1.042

1.064

1.012

Fi nal R inde

R1 =0.0631, wR2 = 0.104

R1 =0.0493, wR2 = 0.097

R1 = 0.0543, wR2 = 0.066

Final R indexes [all data]

R1 =0.1268, wR2 = 0.133]

R1=0.0788, wR2 = 0.117

R1 =0.1309, wR2 = 0.085

Largest diff. peak/hole/ 3

0.45+0.43

1.44£1.37

0.88£0.67
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Table ESI2. Crystal data and structure refinements for compl@xe8 and4 (L = CN-2,6-Xylyl).

L RRHAUCN) Ao 20 | 5 SEPHOT [Rh(CN)L] (4
Empirical formula CsgHzsNsRhAU CiaoH3sAU15ClsNssRN CogH27N4RP
Formula weight 876.60 1223.48 522.44
Temperature/K 294 180.00(14) 294
Crystal system monoclinic triclinic triclinic
Space group P21/c P-1 P-1
al j 16.9315(8) 7.6734(5) 8.6127(3)
b/ i 6.7987(4) 15.7599(12) 14.8452(5)
c/ j 31.6402(12) 17.8463(10) 20.5926(7)
U/ A 90 110.029(6) 88.376(3)
b/ A 98.038(4) 90.594(5) 78.045(3)
2/ A 90 99.495(6) 82.826(3)
Vol ure/ j 3606.4(3) 1994.7(2) 2555.63(15)
Z 4 2 4
} caglen? 1.615 1.658 1.358
e/ Mm 4.555 4.323 0.69
F(000) 1720.0 976.0 1072
Crystal size/mrh 0.189 1T 0.1 0.449 1 0.1 0.387 1T 0.1
Radiation MoKU (& = 0 MoKU (& = 0 Mo KU @74073)

2qgr ange for d

6.664 to 59.524

6.838 t0 59.216

6.556 to 59.414

Index ranges 22 O‘ 23] CI‘)‘ 34,0 -9 o h—Z [5) q) 0 k23| -8 ) h-l ")) G:) 1 k26
O 1l O 39 O 1l O 16 Ol O 28
Reflections collected 23992 13755 17904
|ndependent reflections 8694 [Rint =0.0651, RSIgm 9062 [Rint =0.0393, 11736 [Rm =0.0290, %gma
= 0.1005] Rsigma = 0.0792] =0.0810]
Data/restraints/parameters 8694/0/423 9062/0/487 11736/0/607
Goodnessf-fit on P 0.934 1.064 1.07

FinalR i ndexes

R1 =0.0471, wR2 = 0.0492

R1 = 0.0493, wR2 = 0.097¢

R:1=0.0583, wR=0.0814

Final R indexes [all data]

R1 =0.1380, wR2 = 0.0703

R1 =0.0788, wR2 = 0.1174

R1=0.1270, wR= 0.1073

Largest diff. peak/hole/ 3

0.48£0.64

1.44/1.37

0.60£0.51
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COMPUTACIONAL SECTION

Density functional theory (DFT) calculations reported in this work were carried out using the
di spersion <correct ed davgldped bg HelaGordantandoGhai,dnd theB 9 7 X
Gaussian09 softwareThe choice of this level of theory is based on the satisfactory results obtained
in previous theoretical studies on relaRAu transmetalatiort C and H atomswere described

using the double b a s i-34G(dp)ewhereis the same basis set pliffuse functions was
employed to describe the more electronegativeRN and Aumetabk were described using the
effective core potential LANL2DZ including fpolarization functions (exponentl.350for Rh and
1.050for Au).=

Single point calculationsrer e used to study HRgbhre4dRd6lwithitheX- | nt e
Ray data of2a without the solvent moleculend an anionic symmetric fragment 215. Geometry
relaxatiors in gas phase deforms drastically the structuréving apart both metatentres. Tis
happensbecause all other intermolecular stabilizing interactions sucimtasunit “-" stacking

determine the solid state structure aadnot be dealt with in this wark

Selected relevant Molecular Orbitals (MO)

Figure ESI12. Left: HOMO (isovalue = 0.10pf [Au(CN)]' formed by 5¢f + 6sof gold. Right: HOMO of
[RhL4] * which mainly consist in a 48atomic orbital of rhodium.

Figure ESI13. Left: LUMO (isovalue = 0.07pf [Au(CN);]' mostly formed by a 6pof gold. Right: LUMO
(isovalue = 0.07df [RhL4] * with highly delocalized density.
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Figure ESI14. SelectedbccupiedMolecular Orbitalgisovalue = 0L0) of polymorph2a depicted inFigure4.
Left: 4 HOMO-3. Right:* HOMO.

Figure ESI15. LUMO (isovalue = 0.07df [{L s/Rh}{ Au(CN)z}] (2a).

Figure ESI16. Frontier Molecular Orbital®f the selected symmetric fragme@au®: L LAR™R h L [9)LoA u
polymorph2b depicted inFigure6. Left HOMO 0* (isovalue = QL0). Right: LUMO (isovalue = 7).
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Figure ESI17. Highly stable completely bonding orbitéll) of the core RPAU-Rh. Occupied Molecular

Orbital (isovalue = M7) of the selected symmetric fragment Au: EAR®R h L L¥)LoApolymorph2b.

Rest of relevant data

Table ESI3. Mulliken Charges of the metal atonggold and rhodium)n the [Au(CN),]' anion, [RhL4]
cation,polymorpts 2aand2b (AU L LARFR h L 1AL A u

Au Rh
[AU(CN) ]’ 0.516 -
[RhL J]* - 0.369
[{L sJRh}AU(CN) 2] (2a) 0.477 0.403
[{L sRh}AAUP(CN)}][AU A(CN)] (2b) 0.436, 0.426 0.416
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Table ESH4. Contributionof the different atomic orbitafsom gold and rhodiunm the HOMO and HOMEB
orbitals depicted ifrigure4. In bold the numbers up to 0.1 in absolute value and in a grey cell the most
important contribution for each molecular orbital.

Au Rh
étrcl))ri?;(l: HOMO | HOMO-3 | HOMO | HOMO-3
1S -0.11024 | 0.12859 | 0.10358| 0.05067
25 0.15340 | -0.18391 | -0.10801] -0.05393
3S -0.23229 | 027218 | 0.22086| 0.09591
4PX -0.00254 | -0.01091 | -0.00215| -0.00225
4PY -0.00520 | 0.01257 | -0.00173| -0.00446
4PZ 0.02686 | 0.01297 | 0.04181] -0.00716
5PX 0.00674 | 0.00215 | 0.00016| -0.00191
5PY 0.01110 | -0.0015 0.02723| -0.00494
5pZ -0.05875 | -0.02581 | -0.09957| -0.00954
6PX 0.00122 | 0.0019 | -0.00310| -0.00072
6PY 0.00125 | -0.00276 | 0.00589| -0.00661
6PZ 0.00705 | -0.01269 | -0.01421] -0.01101
7D0 -0.32715 | 0.00182 | 0.62484] 0.31123
7D+1 -0.01543 | -0.03003 | -0.04858| 0.00568
7D-1 0.11844 | 0.24256 | -0.14618] -0.02978
7D+2 -0.04748 | 023131 | -0.00478] 0.00758
7D-2 -0.23145 | 0.46917 | 0.00183] 0.01713
8D0 -0.06347 | 0.01822 | 0.16029| 0.08222
8D+1 -0.00736 | -0.00569 | -0.01278| 0.00347
8D-1 0.02324 | 0.04437 | -0.03771] -0.00761
8D+2 -0.01566 | 0.05111 | 0.00565| 0.00607
8D-2 -0.06607 | 0.10852 | -0.00210 0.00622
9F0 -0.00153 | -0.00095 | -0.00025| 0.00083
9F+1 0.00003 | -0.00045 | -0.00011] -0.00001
9F-1 0.00112 | 0.00142 | 0.00052| -0.00103
OF+2 0.00017 | 0.00001 | 0.00017| 0.00025
9F-2 -0.00019 | -0.00054 | 0.00000| 0.00001
OF+3 -0.00028 | -0.00123 | 0.00004| -0.00035
9F-3 -0.00005 | -0.00025 | 0.00040| -0.00030

TableESI4 collects the contributions of the two metal centres in the occupied molecular orbitals of
2a shown in Figure 4fér 2b it is similarbut more comptx). No significantp density is present in
these orbitals. Rh has a higher contribution tharn the HOMO andriceversafor HOMO-3.
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