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Some Piperidine Derivatives of Gold(i) : Crystal and Molecular Structure 
of Chloro(piperidine)goId(i) 

By John J. Guy, Peter G. Jones, Martin J. Mays, and George M. Sheldrick," University Chemical Labora- 

The preparation and isolation of (I) [Au(pip)CI], (11) [AuCl(pip),],and (111) [Au(pip),] [PFJ (where pip = piper- 
idine) are described. TheX-ray structure of (I) is reported ; it consists of linear [(pip)AuCI] molecules arranged in 
tetramers, the gold atoms forming a loose square cluster. The structure was determined by the heavy-atom 
method from 1089 unique reflections measured by diffractomer and refined by least-squares techniques to  R 0.064. 
Crystals are tetragonal, a = 12.474(20), c = 9.694(10) 8, Z = 8. 

tory, Lensfield Road, Cambridge CB2 1 EW 

GOLD(I) forms many complexes of the form [LAuCl] (a.g. 
L = phosphines,l i s~cyanides ,~ .~  ~arbenes ,~  olefins? C0,5 
pyridine 6, and many of these may be made by the action 
of L on [AuC~(M~,S)].~,~ However, no such compounds 
where L is an aliphatic amine have been reported, gold(1) 
being a typical class B metal. Here we report the first 
such compound, [AuCl(pip)] (pip = piperidine), and its 
crystal structure. 

Gold(1) also forms complexes [AuClL,] [e.g. L = etu 
(ethylenethiourea),' PPh,, or PEt, 81 about which there 
has been much discussion regarding the co-ordination 
number. [AuCl(PPh,)J has been showng to be three- 
co-ordinate, but this is the only such compound to have 
been investigated by X-ray techniques. We have pre- 
pared [AuCl(pip),] (again the first such compound with 
L = amine), but it has so far proved impossible to obtain 
crystals of the compound. 

We also report the first bis(amine)gold(I) cation, in the 
compound [Au(pip),] [PF,]. 

EXPERIMENTAL 

Preparation of Com~Zexes.-ChZorobis(~i~eridine)gold(~), 
(11). Chloro(dimethy1 sulphide)gold(I) (0.55 g, 1.87 mmol) 
was dissolved in an excess of piperidine (2.5 ml), and almost 
immediately gave a white precipitate. After cooling 
(refrigerator), the filtered product was washed with diethyl 
ether and dried in DUCUO (0.65 g, 1.61 mmol, 86%) (Found: 
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C, 29.4; H, 5.45; N, 7.00. CloH,,AuCIN, requires C, 
29.82; H, 5.51; N, 6.96%). The compound gradually 
darkens on exposure to air but can be stored at  - 20 "C in 
a desiccator. It is soluble in dichloromethane and chloro- 
form, but solutions decompose rapidly, metallic gold being 
precipitated. This instability makes structural investiga- 
tion difficult, but the lQ7Au Mossbauer spectrum lo indicates 
linear two-co-ordination of gold. 

ChZoro(p,iper,idine)goZd(I), (I). In an attempt to obtain 
crystals of (11), a layer of light petroleum (b.p. 40-60 "C) 
was carefully run onto a solution of the compound in 
dichloromethane. Despite the precipitation of metallic 
gold, a few small colourless crystals were obtained after 12 h. 
These darkened rapidly in air, and slowly in sealed tubes. 
The yield was too small to permit analysis, but crystallo- 
graphic investigation revealed the nature of the compound 
(see later). 

Bis(pi~eridine)goZd(I) hexa@orophosfihat, (111). Chloro- 
bis(piperidine)gold(I) (0.25 g, 0.62 mmol) was dissolved in 
dry chloroform (20 ml) and a solution of Ag[PF,] (0.187 g, 
0.71 mmol) in dichloromethane was added. After filtration, 
diethyl ether (15 ml) was added, and the solution placed in a 
refrigerator for 7 h. The product formed as very pale brown 
crystals, which were washed with diethyl ether and dried 
in vacuo (0.27 g, 0.53 mmol, 85%) (Found: C, 23.60; M, 
4.25; N, 5.05. CloH,,AuF,N,P requires C, 23.45; H, 4.33; 
N, 5.47%). (111) darkens rapidly in air, but can be stored 
in a desiccator at -20 "C. 
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Crystal and Molecular Structure of (AuCl(pip)] , (I) 

Crystal Data.-C,H,,AuClN, Tetragonal, a = 12.474(20) , 
G = 9.694(10) A, U = 1 508.4A3,Dm = 2 . 7 5 g ~ m - ~ ,  2 = 8, 
D, =5 2.796 g ~ r n - ~ .  Mo-K, radiation, h = 0.7107 -81; 

i7!all, 

:I iAu(t1 

i 
'.J 

FIGURE 1 The molecule of [AuCl(pip)] (H atoms omitted 
for clarity) 

p(Mo-K,) = 190.3 cm-l. Space group Pa2,c from sys- 
tematic absences: hOO (h  odd) and hhl (I odd). 

Colourless crystals were obtained as already described. 

FIGURE 2 The structure in projection down z (H atoms 
omitted for clarity) 

Intensities were determined by use of a Syntex P2, four- 
circle diffractometer with Mo-K, radiation, and a crystal 
(in a sealed tube) of dimensions ca. 0.1 x 0.12 x 0.15 mm. 
Cell dimensions were obtained from a least-squares fit of 15 
strong reflexions. Lorentz polararization and numerical 
absorption corrections were made. 1967 Reflexions were 
measured; averaging equivalent reflexions gave 1 089 
unique reflexions with F > 4a(F). 

The Au atom was located from a Patterson synthesis, and 
the light atoms (excluding hydrogen) were located by 
electron-density difference syntheses. C-H distances 
were fixed a t  1.08, N-H at 0.98 A, and H-C-H angles a t  

TABLE 1 
Atom co-ordinates ( x lo4) and temperature 

factors (A2 x 103) 
xla Y /b  zlc Ii' 

Au(1) 9 773(1) 8 171(1) 5 295(1) * 
9 737(6) 8 428(6) 7 598(6) * 
9 801(16) 7 822(15) 3 209(16) 

H(6) 10 694(20) 6 996(21) 2 897(26) 
11 455 7 291 3 271 g[ii! 10609 6 244 3 395 36(19) 
10 747(21) 6 831(25) 1 311(28) 

H(21) 11 318 
H(22) 11 011 7 570 840 36(19) 

6 494 - 393 36(19) H(31) 9779 
H(32) 9471 5 758 1109 36(19) 

281) 8 092 7 127 697 36(19) 
H(42) 9081 8 136 67 1 36(19) 

8 105 2 805 36(19) H(51) 8 161 
H(52) 8503 6 744 3 031 36119) 

The tem- 
perature exponent takes the form: --22~~(U,,h2a*~ + . . . + 2 U,,lzka* b*) . 

SS[%) 
$it%) 
E[%) 

C1(1) 

(71) 

c (2) 

(33) 

N(l) 9 941 8 511 2 757 

6 203 1 090 

9 709(19) 6 533(18) 717(23) 41(7) 

8 856(19) 7 374(19) 1 112(23) 31(6) 

8 754(18) 7 498(21) 2 586(25) 35(6) C(5) 

*Anisotropic temperature factors (A2 x lo3). 

UIl u22 u33 u23 u,, LT,, 
Au(1) 35(1) 39(1) 32(1) - l ( l )  -1(1) -1(1) 
Cl(1) 51(4) 60(5) 36(3) -5(3) Z(3) -1(4) 

TABLE 2 
Bond lengths (A) 

Au(l)-CI(l) 2.256(8) Au(1)-X(1) 2.068(18) 
Au( 1)-Au( 1I*) 3.301 (5 )  N( 1)-C ( 1) 1.648(34) 
N(I)-C(5) 1.494(31) C(I)-C(2) 1.552(39) 

1.465(36) c (3)-C (4) 1.543 (35) 
1.443(34) 

c (2)-C(3) 
c (4) -cF) 

For symmetry transformation, scc tcst .  

TABLE 3 
Bond angles (") 

Cl(l)-Au(l)-N( 1) 
N(l)-Au(l) * * * AU(lI1) 
N(l)-Au(l) - * * Au(lIV) 
N(1)-C( 1)-C(2) 108.2(2 1) 
C(2)--C(3)-C(4) 109.8(21) 
N( 1)-C(5)-C (4) 110.6(20) 

Cl(1)-Au(1) * * Au(lIV) 92.8 (3) 

Ru(1)-N( 1)-C(l) 110.1(14) 
Au( 1)-N( 1)-C(5) 115.9(15) 
C(1)-NP)--C(5) 111.7(19) 

1 7 6.0 (5) 
S6.9 (6) 
90.2 (6) 

CI(l)-Au(l) - * * Au(lI1) 

Au(l11) * - . Au(1) * * * Au(l1V) 

95.8 ( 3) 

88.3 ( 1 ) 

112.7(22) 
112.3(20) 

C(l)-c(2)-C(3) c (3)-c (4)-c (5)  
For symmetry transformations, see text. 

109.5". The hydrogen-atom temperature factors were 
constrained equal. 

The final IZ' [= Xw*A/IkdlF,I] was 0.051, with a corres- 
ponding R of 0.064; the weighting scheme was w = l/[o*- 
( F )  + 0.000350 F2] which gave a mean wA2 varying only 
slightly with sin 0 or IFo\. Complex neutral-atom scattering 
factors were used. 

* Observed and calculated structure factors are listed in Sup- 
plementary Publication No. SUP 21838 (8 pp., 1 microfiche). 
See Notice to Authors No. 7 in J.C.S. Dalton, 1976, Index issue. 
(Items less than 10 pp. are supplied as full-size copies.) 

Results are given in Tables 1-4.* 
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cases the linear molecules are stacked to form Au chains; 
1 (pip)AuCI] is the first compound in which an Au, square 
has been located. 

It has been suggested l1 that these short contacts are 
due to the ease of packing linear molecules to form Au 
chains, rather than to any bonding interaction. The 
structure of [AuCI(P~,P)],~* with a bulky ligand and no 
short Au * - - Au contacts, agrees with this hypothesis. 
However, the cluster [ ((P-MeC,H,),P),-~u,]2 + has Au - - - 
Au distances of up to 3.1 and so bonding interactions 
in [Cl(pip)Au] cannot be ruled out. 

We thank the S.K.C. for providing the diffractometer, 
and fur financial support ( to  J .  J .  G. and P. G. J.). Calcul- 
ations were performed on the Cambridge University IBM 
370/165 computer with programs written by G. M. S., and 
the  Figures were drawn with the  program PLLJTO written 
by Dr. ?T7. 13. S. Motherwell. 

DISCUSSION 

The molecules of (I) (Figure 1) are approximately 
linear (N-Au-Cl 176.0') as would be expected for gold(1). 
The Au atoqs are arranged in groups of four (Figure 2 ) ,  
forming almost square clusters with AuT * - - AuIr 3.30 a 
and Ad1 * - - AuT * AdS' 88.3'. The atoms forming 
the square are AuI a t  x,y,z, A d 1  at 2 - y,x,l - z ,  AuT1[ at 
2 - x,2 - y,z, and AuIV at y,2 - x,l - x. The square 
plane is z = 1/2 and deviations from it are zt0.29 A for 
alternate Au atoms. The clusters lie in the planes z = 
n/2 (n integral). 

The Au . Au distance is longer than that in metallic 
gold (2.88 A) and much longer than that in [Au(C,H,),- 
(NCS)2]2, in which there is a gold(1) * - * gold(1) bond of 
2.76 A.11 I t  is, however, significantly shorter than two 
van der Waals radii. Similar distances have been 
observed between gold(1) in [(C,H,NH,)Au(C CPh)] 
(3.274 A) l2 and in [AuCI(Cl,P)] (3.14 In both these 

l1 R. Hesse and P. Jennische, Acta Chew. Scand., 1972, 26, 
3855. 

l2 P. W. H .  Corfield and H. M. &I. Shearer, Acla Cryst., 1967, 23, 
156. 

l3 G.  J.  Arai, Hec. Tvav. chinz., 1962, 81, 307. 
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l5 1'. Hellon, M. Manassero, and h1. Sansoni, J .C.S .  Dalton, 
Cvyst. .  1976, B22, 962. 

1973,2423. 
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