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Reaction of tetrachloroauric(III) acid hydrate 
with dicyclohexylcarbodiimide (dcc) in dichloro- 
methane in the presence of equimolar amounts of 
triethylamine leads to a complex reaction mix
ture. One of the components was shown by X-ray 
crystallography to be [(N, N \ N”-tricyclohexyl)- 
N”-cyclohexylcarbamoylguanidinium] tetrachlo- 
roaurate(III) (1) which contains as a cation the 
addition product of dcc with the corresponding 
urea.

Introduction

In the course of our studies on gold(I) com 
plexes of ketim ines and carbodiim ines a series of 
simple (im ine)gold(I) complexes [1 -3 ] were ob
tained starting from simple gold(I) compounds. 
We have now also investigated reactions of gold- 
(III) com pounds with carbodiimines. These ex
perim ents gave m ixtures of unexpected products, 
which have not been completely identified. The 
reaction of tetrachloroauric(III) acid hydrate with 
dicyclohexylcarbodiimide leads to the title com 
pound, which was characterized by X-ray crystal
lography.

Results and Discussion

The reaction of tetrachloroauric(III) acid hy
drate with dicyclohexylcarbodiimide in the pres
ence of triethylam ine in dichlorom ethane leads to 
a complex reaction mixture from which orange 
crystals can be grown by layering the solution with

* Reprint requests to Prof. Dr. H. Schmidbaur.

pentane. The colour of the crystals turns black af
ter several weeks if samples are stored under ni
trogen at room  tem perature. R apid decomposition 
of the solid occurs on heating above 140 °C.

The proton N M R spectra of solutions of the 
com pound in CDC13 indicate the presence of 
cyclohexyl rings and N-H groups but no detailed 
analysis was carried out. Investigation of the crys
tals by X-ray crystallography showed that the pro
duct is com posed of [(N, N ’, N ”-tricyclohexyl)-N”- 
cyclohexylcarbamoylguanidinium] cations and 
te trach lo roaura te(III) anions.

The form ation of 1 can be accounted for by the 
following m echanistic pathway: O ne equivalent of 
dcc reacts with one m olecule of crystal water con
tained in the tetrachloroauric(III) acid to give the 
N ,N’-dicyclohexylurea.

This urea molecule can act as a nucleophile for 
a second carbodiim ide unit. Subsequent p ro ton
ation of the imine nitrogen atom  leads to the cor
responding tetrach lo roaurate(III) salt 1.
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R

R  = cyclohexyl: 1

Crystal Structure

The com pound crystallizes in the monoclinic 
space group P2!/n with Z  = 4 form ula units in the 
unit cell. The lattice consists of independent [(N, 
N ’, N ”-tricyclohexyl)-N,'-cyclohexylcarbamoylgu- 
anidinium] cations, tetrach lo roaurate(III) anions, 
and one equivalent of w ater per form ula unit.

The tetrach lo roaurate(III) anion has a square 
planar geom etry with an average Au-Cl bond 
length of 2.27 A  and average Cl-Au-Cl angles of 
90° and 178.6°, respectively.

The core of the cation is defined by a planar 
guanidinium  unit and a planar carbamoyl unit, 
connected at the nitrogen atom  N2, which enclose 
an angle very close to 90°. The C2-N3 and C2-N4 
bond distances [1.321(5) and 1.296(5) A] in the

(R)HN

0932-0776/97/0900-1152 $06.00 © 1997 Verlag der Zeitschrift für N aturforschung. All rights reserved. D

This work has been digitalized and published in 2013 by Verlag Zeitschrift 
für Naturforschung in cooperation with the Max Planck Society for the 
Advancement of Science under a Creative Commons Attribution-NoDerivs 
3.0 Germany License.

On 01.01.2015 it is planned to change the License Conditions (the removal 
of the Creative Commons License condition “no derivative works”). This is 
to allow reuse in the area of future scientific usage.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift für Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Förderung der
Wissenschaften e.V. digitalisiert und unter folgender Lizenz veröffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland
Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der 
Creative Commons Lizenzbedingung „Keine Bearbeitung“) beabsichtigt, 
um eine Nachnutzung auch im Rahmen zukünftiger wissenschaftlicher 
Nutzungsformen zu ermöglichen.



Notizen 1153

guanidinium  part are clearly shorter than the C2- 
N2 bond length [1.411(4) A] indicating a delocal
ization of the positive charge mainly over N3 and 
N4.

The dim ensions of the O l-H O l-O  group are in
dicative of hydrogen bonding between one of the 
hydrogen atom s of the w ater molecule and the 
carbonyl oxygen atom  of the carbamoyl unit [O l-
O 2.763, O l-H O l 0.842 and O-HOl 1.959 A and O- 
H O l-O l 159.4°].

The dim ensions of the cation in 1 are similar to 
those found in the tetram ethyl analogue [4], The 
in tram olecular hydrogen bond betw een the car
bonyl group and a NH proton, which occurs in the 
unsubstitu ted  carbamoyl guanidinium chloride [5] 
is prevented  in 1 by the trans conform ation of the 
carbam oyl group, which is probably due to steric 
effects.

Fig. 1. Molecular structure of the cation in 1. ORTEP, 
50% probability ellipsoids, cyclohexyl ring hydrogen 
atoms are omitted for clarity. Selected bond lengths (A) 
and angles (°):
O-Cl 1.234(4), Nl-Cl 1.335(5), N l-C ll 1.465(5), N l-Hl 
0.79(4), N2-C1 1.386(4), N2-C2 1.411(4), N2-C21 
1.498(4), N3-C2 1.321(5), N3-C31 1.468(4), N3-H3 
0.79(5), N4-C2 1.296(5), N4-H4 0.75(4), N4-C41 
1.476(4), C1-N1-C11 121.5(3), C1-N1-H1 119(3), C ll- 
N l-H l 117(3), C1-N2-C2 114.9(3), C1-N2-C21 125.7(3), 
C2-N2-C21 118.6(3), C2-N3-C31 126.6(3), C2-N3-H3 
110(4), C31-N3-H3 123(4), C2-N4-C41 125.9(3), C2-N4- 
H4 119(3), C41-N4-H4 115(3), O-Cl-Nl 124.2(3), O-Cl- 
N2 118.8(3), N1-C1-N2 117.0(3) N4-C2-N3 123.7(3), N4- 
C2-N2 119.7(3), N3-C2-N2 116.6(3).

Experimental Section

The experim ents were carried out under an a t
m osphere of dry, purified nitrogen. Glassware was 
dried and filled with nitrogen, solvents were dis
tilled and kept under nitrogen. NMR: Jeol GX 
400, TM S as internal standard. IR: Perkin-E lm er

(type 1600 series FT-IR). S tarting m aterials were 
commercially available.

f(N , N \  N ”’-T ricycloh exyl)-N ”-cyclohexylcarba- 
m oyl-guan idin ium ] tetrachloroaurate(III) (1)

To a solution of H A uC l4-3H20  (312 mg,
0.8 mmol) and N E t3 (0.11 ml, 0.8 mmol) in dichlo- 
rom ethane (20 ml) was added dicyclohexylcarbo- 
diimide (82 mg, 0.4 mmol) at room  tem perature. 
A fter 3 h the solution was layered with pentane to 
precipitate orange crystals (ca. 100 mg), decom po
sition 140 °C.

’H -N M R (d6-acetone, room  tem perature): 5.75 
[broad s, NH], 1.15-1.90 [m, cyclohexyl-H]. -  
IR (K B r): 1652 [st, v(C= O)]; 3290, 3306 and 3376 
[st, v(N-H)], 3520 [w, broad, v(O H )].

Crystal Structure Determination
A  suitable crystal of com pound 1 was sealed 

into a glass capillary and used for m easurem ent of 
precise cell constant and intensity data collection.

Table I. Crystallographic data of compound 1.

Compound 1

em pirica l form ula C26H4yAuCl4N 40 2
formula weight 788.46
crystal system monoclinic
space group (No.) P2,/n (14)
* [A] 12.700(1)
M A ] 19.358(2)
c [A ] 13.580(1)
a [ ° ] 90
ß  [°] 100.04(1)
y r i 90
V  [A  ] 3287.5(5)
£>calc [gem 3] 1.593
z 4
F(000) [e] 1584
/i(M o-K „) [A] 0.71073
T[°] -74
diffractometer Enraf Nonius C A D 4
scan a>-6
hkl Range 0 < h < 15, -23 < k < 0, -16 < / < 16
M easured reflections 5826
U nique reflections 5826
Observed reflections 5820
[with I > 2ct(I)]
^int 0.0000
R efined parameters 354
H A tom s (found/calc.) 5 / 4 4
A bsorption corr.: semi empirical
T  / TL min ' 1 max 0.999 / 0.604
R based on (OM IT 4) Ial 0.0270
vW?2 lal 0.0596
W eighting schem e (l/k)ta| 0.0302 / 4.7191
{?fin(m ax/min)[bi [e A -3] + 1.787 / -  1.009

Ial R = Z(IIF0l-IFcll)/2:iF0l. -
wR2 = {[2h<F02-Fc2)2Mvv(F02)2]}1/2. -
w = l/2a2(F02) + (lp)2 + kp, p = (F02+ 2Fc2)/3;
[b] residual electron densities located at gold atoms.
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During data collection, th ree standard reflections 
were m easured periodically as a general check of 
crystal and instrum ent stability. No significant 
changes were observed for the com pound. D iffrac
tion intensities were corrected for Lp and absorp
tion effects. The structure was solved by direct 
m ethods and refined by full matrix least squares 
calculations against F2 [6]. The therm al m otion of 
all non-hydrogen atoms was treated  anisotropi- 
cally. All C-H hydrogen atom s were calculated in 
idealized positions and allowed to ride on their 
corresponding carbon atoms. Their isotropic th e r
mal param eters were tied to that of the adjacent 
atom  by a factor of 1.5 (Table I). Im portan t in ter
atomic distances and angles are given in the figure 
caption. Crystal and structure solution data  are

sum m arized in Table 1. Further inform ation may 
be obtained from the Fachinform ationszentrum  
K arlsruhe, Gesellschaft für wissenschaftlich-tech
nische Inform ation mbH, D-76344 Eggenstein- 
Leopoldshafen, on quoting the depository num ber 
CSD-407351 (1), the names of the authors, and the 
journal citation.
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