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The  new ligand, 4,4’-i-Pr2PC6H4C6H4P-i-Pr2 and new digold(1) diacetylides [ (AuC= 
CArCrCAu),] , Ar = 1,4-C&4,4,4’-C6H4-C6H4, ll4-CsH2-2,5-Me2, have been synthesized. Model 
digold diacetylides were prepared in the following ways: reaction of [ClAu(p-PP)AuClI, PP = 
4,4’-i-Pr2PCsH4C6H4P-i-Pr2 or 1,4-Ph2PC6H4PPh2, with phenylacetylene and base or reaction 
of [ (AuC=CPh),] with PP gave [PhC=CAu(p-PP)AuC=CPhl while reaction of [ ( A u C s  
CArC=CAu),] with PMe3 gave [Me3PAuC=C-Ar-C=CAuPMeal. The structure of 
[PhC=CAu(p-PP)AuC=CPhl, PP = 4,4’-i-Pr2PCsH4CsH4P-i-Prz, was determined by single 
crystal X-ray diffraction [monoclinic, R 1 / n ,  a = 14.378(2) A, b = 13.307(3) A, c = 9.997(1) A, 
6 = 103.17(1)’, V = 1862.5 A3, Z = 2, R = 0.0354, R, = 0.03331 and shown to adopt a conformation 
with (phenylethynyl)gold(I) units mutually anti .  Polymers were prepared in ways similar to 
those of the model compounds. Thus, polymers [(C=CArC=C-Au-PP-Au-),I, were 
prepared by reaction of [ (AuC=CArC=CAu),] with diphosphines, PP, or by reaction of [ClAu- 
(p-PP)AuCl] with HC=C-Ar-C=CH and base. The latter synthetic method gave polymers 
with AuCl end groups when PP = 4,4’-i-Pr2PCsH4CsH4P-i-Prz but only the derivatives [ClAu- 
(p-PP)AuC4-Ar-C=CAu(p-PP)AuCl] when PP = 1,4-Ph2PC&PPh2, the difference being 
attributed to the lower solubility of the phenylphosphine derivative. This work shows that 
kinked, linear polymers can be prepared successfully with diphosphine bridging ligands and 
that soluble polymers can be prepared if bulky alkyl substituents on phosphorus are present. 

Introduction 

There has been increasing interest in inorganic and 
organometallic polymers because of the expectation that 
these polymers might exhibit interesting properties either 
difficult or impossible to achieve with conventional organic 
polymers.’ Among the known inorganic/organometallic 
polymers, the linear-chain metal-containing polymers, with 
extended conjugation in the polymer backbone, have 
excited particular interest.2 For example, polymeric 
species in which metal centers are bridged by -C=C 
-R-C=C- (R = aromatic rings, disilanes, or disilox- 
anes)? CN-Ar-NC (Ar = aryl)? pyrazine, or bipyridine 
derivatives6 are attracting great attention and are known 
to display electrical conducting, nonlinear optical or liquid 
crystalline properties. 

We are interested in synthesis and characterization of 
new organometallic polymers with conjugated organic 
fragments in the polymer backboness One of the ap- 
proaches to the target polymeric materials is to connect 
mononuclear or dinuclear complexes with appropriate 
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bridging ligands. The properties of the polymeric species 
could be easily altered by changing the properties of the 
metals and/or ligands involved. This report describes the 
synthesis and characterization of dinuclear gold(1) com- 
plexes of diphosphines and diacetylides and their use in 
the preparation of polymeric gold(1) complexes. 

The diphosphines chosen are l14-diphosphinobenzene 
or 4,4’-diphosphinobiphenyl derivatives because of their 
special geometry favoring bridging. Since phosphines form 
strong gold-ligand bonds, they should be capable of 
stabilizing coordination polymers. It is interesting to note 
that PPh2C6H4PPh2 has recently been used for the 
synthesis of polynuclear complexes’ and coordination 

(3) (a) Porter, P. L.; Guha, S.; Kang, K.; Frazier, C. C. Polymer 1991, 
32,1756 and references therein. (b) Kotani, S.; Shiina, K.; Sonogashora, 
K.App1. Organomet. Chem. l991,5,417andreferenceatherein. (c) Davies, 
S. J.; Johnson,B.F.G.;Khan,M. &;Lewis, J. J. Organomet. Chem. 1991, 
401, C43. (d) Johnson, B. F. G.; Kakkar, A. K.; Khan, M. S.; Lewis, J. 
J. Organomet. Chem. 1991, 409, C12. (e) Davies, S. J.; John, B. F. G.; 
Khan, M. S.; Lewis, J. J. Chem. SOC., Chem. Commun. 1991, 187. (0 
Khan, M. S.; Davies, S. J.; Kakkar, A. K.; Schwartz, D.; Lin, B.; Johnson, 
B. F. G.; Lewis, J. J.  Organomet. Chem. 1992, 424, 87. (9) Lewis, J.; 
Khan, M. S.; Kakkar, A. K.; Johnson, B. F. G.; Marder, T. D.; Fyfe, H. 
B.; Whittman, F.; Friend, R. H.; Dray, A. E. J. Organomet. Chem. 1992, 
425,165. (h) Abe, A,; Kimura, N.; Tabata, S. Macromolecules 1991,24, 
6238. (i) Fyfe, H. B.; Mlekuz, M.; Zargarian, D.; Taylor, N. J.; Marder, 
T. B. J. Chem. Soc., Chem. Commun. 1991,188. (j) Nalwa, H. S. Appl. 
Organomet. Chem. 1991,5,377. 
(4) (a) Feinstein-Jaffe, I.; Barash, C. Znorg. Chim. Acta 1991,185 and 

references therein. (b) Feinstein-Jaffe, I.; Brain, I.; Mahalu, D.; Cohen, 
%;Lawrence, S. A. Inorg. Chim. Acta 1986,154,128andreferences therein. 
(c) Feinstein-Jaffe, I.; Frolow, F.; Wacherle, L.; Goldman, A.; Efraty, A. 
J. Chem. SOC., Dalton Trans. 1988, 469 and references therein. (d) 
Keppler,U.;Hanack,M. Chem.Ber. 1986,119,3363. (e) Deger,S.;Hanack, 
M. Synth. Met. 1986,13,319. (0 Keppler, U.; Schneider, 0.; Stoffler, W.; 
Hanack, M. Tetrahedron Lett. 1984,25,3679. 

(5) See for example: (a) Onitauka, K.; Ogawa, H.; Joh, T.; Takahashi, 
S. Chem. Lett. 1988, 1865. (b) Real, J. A.; Munno, G.; Munoz, M. C.; 
Julve, M. Znorg. Chem. 1991, 30, 2701. 
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polymers of the formula [{T~-~,~-(PP~Z)ZC~H~C~(CO)ZLI - 
Rh(CO)Cl),l (L = CO, PPh3).8 The unusual Ru(1) 
polymers (R~z(CO)c(r-02CR)z(r-dppm))~ (R = Me, Et; 
dppm = PhzPCHzPPh2) have also been r e p ~ r t e d . ~  Aryl- 
diacetylides were chosen since they often form strong 
metal-ligand bonds, and  they have been used for the  
synthesis of interesting linear  polymer^.^ 

Organometallics, Vol. 12, No. 9, 1993 Jia et al. 

Experimental Section 

All chemicals were used as purchased from Aldrich Chemical 
Co. unless otherwise stated. [ A U C ~ ( S M ~ ~ ) I , ~ ~  [ A u C I ( P M ~ ~ ) I , ~ ~  
and 1,4-bis(diphenylphosphino)benzene12 were prepared by 
modified literature methods. New diethynylarene~l~ were pre- 
pared from the corresponding dibromoarenes and 2-methylbut- 
3-yn-2-01 using the procedure of Ames et al.14 and were purified 
by sublimation. The catalyst CUI was freshly prepared from the 
reaction of CuS04 and KI. [PdC1z(PPh3)z11s was prepared from 
the reaction of PPh3 with [ P ~ C ~ Z ( P ~ C N ) Z ] . ' ~  

NMR spectra were recorded by using a Varian 200-MHz 
spectrometer. lH and lsC NMR chemical shifts were measured 
relative to partially deuterated solvent peaks but are reported 
relative to tetramethylsilane. Phosphorus chemical shifts were 
determined relative to the 85 % HsP04 as an external standard. 
IR spectra were recorded on a Bruker IFS32 spectrometer with 
Nujol mulls. Differential scanning calorimetry (DSC) analyses 
were carried out on a General V2.2A DuPont 9900 DSC thermal 
analyzer. Elemental analyses were performed by Guelph Chem- 
ical Laboratories Ltd., Guelph, Ontario. 

~ , ~ ' - ( ~ - P ~ ) S - C ~ H I - C ~ H I - P ( ~ P ~ ) ~ .  To a solution of 4,4'-Br- 
C6H4-CeH4-Br (10.0 g, 32 mmol) in THF (60 mL) cooled at  -78 
OC was added BuLi in hexane (30 mL, 2.5 M, 75 mmol). The 
mixture was warmed to room temperature and then cooled to 
-78 OC again. To the reaction mixture was then added (i-PrhPC1 
(8 mL, 7.68 g, 76.8 mmol). The reaction mixture was warmed to 
room temperature and stirred for an additional 1 h to give a clear 
solution. The solvent was removed completely, and the residue 
was hydrolyzed with degassed water. The reaction mixture was 
then extracted with benzene, and the benzene solution was passed 
through a column of neutral alumina to give a clear solution. The 
benzene was removed again to give a colorless oil. The oil was 
redissolved in ether (30 mL), and to the ether solution was added 
concentrated HCl(7 mL) to give a white precipitate. The clear 
ether layer was pipetted away, the residue was further washed 
with ether, and the ether was removed again. To the reaction 
flask was then added ether (80 mL) and KOH until the aqueous 
solution became basic. The ether solution was separated from 
the water layer, and the water layer was further extracted with 
ether. The ether solutions were combined, and the evaporation 
of ether produced a white solid. The solid was washed with a 
small amount of MeOH and then dried under vacuum to give a 
white solid. NMR in CDC13: d(31P) = 7.7 [SI; 6(lH) = 0.95 [dd, 

2.14 [m, 4H, CHI, 7.5-7.6 [m, 8H, Ph]; 6('3C) = 18.7 [d, J = 8.2 
J~11.2,6.9H~,12H,CH~],1.11[dd,J~15.2,7.1H~,12H,CH~], 

Hz, CHs], 19.8 [d, J = 18.1 Hz, CHI, 22.7 [d, J = 11.0 Hz, CH31, 
126.3 [d, J = 5.6 Hz, 3-Ph1, 135.0 [d, J = 18.5 Hz, 2-Ph1, 140.9 
[s, 1-Ph]. Anal. Calcd for CaHsPz: C, 74.58; H, 9.39. Found: 
C, 74.49; H, 9.23. 

(7) Ebchenebroich, C.; Sebbach, J.; Metz, B.; Heikenfeld, G .  J. 

(8) Wright, M. E.; Lawson, L.; Baker, R. T.; Roe, D. C. Polyhedron 
Organomet. Chem. 1992,426, 173. 

1992, 11, 323. 

Organometallics 1988, 7, 1663. 
(9) Sherlock, S. J.; Cowie, M.; Singleton, E.; Stern, M. M. V. 

(IO) Tamaki, A.; Kochi, J. K. J. Organomet. Chem. 1974, 64, 411. 
(11) Schmidbaur, H.; Shiotani, A. Chem. Ber. 1971, 104, 2821. 
(12) Baldwin, R. A,; Washiburn, R. M. J. Org. Chem. 1966,30, 3860. 
(13) Takahashi, S.; Kuroyama, Y.; Sonogashira, K.; Hagihara, N. 

Synthesis 1980, 627. 
(14) Ames, D. E.; Bull, D.; Takundwa, C. Synthesis 1981, 364. 
(15) Chatt, J.; Mann, F. G. J. Chem. SOC. 1939, 1623. 
(16) Doyle, J. R.; Slade, P. E.; Jonassen, H. B. Znorg. Synth. 1960,6, 

216. 

[ I A u I ( C ~ - C ~ H ~ - C ~ H I ~ ~ ) ~ ~ ] .  A solution of 4,4'. 
Hc=C-c,&-ceH~-c=cH (0.300 g, 1.48 mmol) and NaOz- 
CMe (0.60 g, 7.3 mmol) in THF (25 mL)/MeOH (25 mL) was 
added to a solution of [AuCl(SMez)] (0.90 g, 3.06 mmol) in THF 
(200 mL)/MeOH (100 mL). The resulting mixture was then 
stirred overnight (ca. 10 h) to produce a bright yellow precipitate. 
The solid was then collected by filtration, washed with THF, 
MeOH, water, MeOH, and ether, and dried. Yield: 0.85 g, 97%. 
The solid is insoluble in common organic solvents. IR (Nujol): 
2000 cm-1 [w, v(C=c)l. Anal. Calcd for C~BH&UZ: C,  32.34; H, 
1.36. Found: C, 32.67; H, 1.66. 

[ ( A U ~ ( C ~ - C ~ H I M ~ ~ - C ~ ) ) ~ ] .  A solution of 1,4-(HCr 
c)z2,5-MezC& (0.150 g, 0.973 mmol) and NaOzCMe (0.40 g, 4.9 
m o l )  in THF (5 mL)/MeOH (20 mL) was added to a solution 
of [AuCl(SMez)] (0.600 g, 2.04 mmol) in THF (80 mL)/MeOH 
(20 mL). The resulting mixture was then stirred overnight (ca. 
10 h) to produce a bright yellow precipitate. The solid was then 
collected by filtration, washed with THF, MeOH, water, MeOH, 
and ether, and dried. Yield 0.48 g, 96%. The solid is insoluble 
in common organicsolvents. IR (Nujol): 2018 cm-l [w, u(C*)]. 
Anal. Calcd for C1zH&uz: C, 26.39; H, 1.48. Found: C, 25.99; 
H, 1.44. 

[ { A U ~ ( C ~ - C ~ H ~ - C W ) ) , , ] .  A solution of NaOzCMe (0.40 
g, 4.9 mmol) in THF (5 mL)/MeOH (20 mL) was added to a 
solution containing 1,4-HC=C-CsH4-C=CH (96.5 mg, 0.765 
mmol) and [AuC1(SMez)l (0.45 g, 1.53 mmol) in THF (80 mL)/ 
MeOH (20 mL). The resulting mixture was then stirred overnight 
(ca. 10 h) to produce a bright yellow precipitate. The solid was 
then collected by filtration, washed with THF, MeOH, water, 
MeOH, and ether, and dried. Yield: 0.36 g, 96%. The solid is 
insoluble in common organic solvents. IR (Nujol): 2004 cm-l 
[w, u ( C 4 ) I .  Anal. Calcd for CloH&z: C, 23.18; H, 0.78. 
Found: C, 23.20; H, 0.78. 

mmol) was added to a solution of [AuCl(SMez)] (0.60 g, 2.0 mmol) 
in dichloromethane (40 mL). The reaction mixture was stirred 
at  room temperature for l/z h to give a cloudy reaction mixture. 
The volume of the reaction solution was reduced to ca. 10 mL. 
To the reaction mixture was then added MeOH (30 mL) to give 
a white precipitate. The precipitate was collected by filtration, 
washed with MeOH and ether, and dried. Yield 0.81 g, 88%. 
NMR in CDC13: 6(3lP) = 30.9 (the chemical shift for the free 
ligand is -8.0 ppm); WH) = 7.48-7.88 [m, Ph]. Anal. Calcd for 

[ C I A U P ( ~ P ~ ) Z C ~ H I ~ ~ H S ( ~ - P ~ ) ~ A U C ~ ] .  A mixture of (i- 
P ~ ) ~ P C ~ H ~ - C ~ H ~ P ( ~ - P ~ ) Z  (0.394 g, 1.02 mmol) and [AuCl(SMedI 
(0.600 g, 2.04 mmol) in dichloromethane (30 mL) was stirred at  
room temperature for l/z h to give a clear solution. The solvent 
of the reaction mixture was removed completely. To the reaction 
flask was then added MeOH (30 mL) to give a white precipitate. 
The precipitate was collected by filtration, washed with MeOH 
and ether, and dried. Yield: 0.75 g, 86%. NMR in CDCls: 6- 
(31P) = 56.8 [SI; 6(lH) = 1.07-1.35 [m, 24H, CHs], 2.54 [m, 4H, 
CHI, 7.68-7.88 [m, 8H, Ph]. Anal. Calcd for CaH&u&lzPz: 
C, 33.86; H, 4.26. Found C, 33.82; H, 4.48. 

[ ( P M e a ) A u c ~ - C ~ s H 4 + 6 H , ~ A u ( P M e s ) l ,  Method 
A. A solution of PMes (0.70 mmol) in THF (5 mL) was added 
to a suspension of [(AuC*-C~4-C~H4-C~Auj,l (0.20 g, 
0.34 mmol) in dichloromethane (20 mL). The resulting mixture 
was stirred at  room temperature for h to give a slightly purple 
solution. The solution was filtered to give a colorless solution. 
The solvent was removed completely, and the residue was washed 
with hexane to give a white solid. The solid was collected by 
filtration, washed with hexane and ether, and dried. Yield: 0.20 
g, 79%. NMR in CDC13: 6(31P) = -2.24 [SI; WH) = 1.50 [d, J 
= 10.1 Hz, 18H, CH31, 7.4-7.5 [m, 8H, Ph]. IR (Nujol): 2106.5 
cm-l [m, v(C=C)l. Anal. Calcd for C Z Z H ~ U Z P Z :  C, 35.40; H, 
3.51. Found: C, 35.78; H, 3.90. 

[ ( P M e a ) A u C = C - C ~ H , + ~ H 4 ~ A u ( P M e ~ ) ] ,  Met hod 
B. A mixture of [AuCl(PMe3)] (0.10 g, 0.32 mmol), HC*- 
C&-ceH4-C=cH (33 mg, 0.16 mmol) and KOH (0.10 g, 1.8 
mmol) in THF (20 mL)/MeOH (20 mL) was stirred at  room 

[ClAuPPh&HQPhzAuCl]. 1,4-PPh&&&'Phz (0.45 g, 1.0 

C~H&UzClzPz: C, 39.54; H, 2.65. Found C, 39.51; H, 2.71. 
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Polymers with Gold(I) Centers 

temperature overnight to give a white precipitate. The solvent 
was then removed completely, and the residue was washed with 
MeOH to give a white solid. The solid was collected by filtration, 
washed with MeOH, water, MeOH, and ether, and dried. Yield: 
93 mg, 78 % . The product displayed spectral properties identical 
to those from method A. 

[ (PMes)AuC=C-CeH4-C=CAu(PMes)l. A mixture of 
[AuCUPMedI (0.10 g, 0.32 mmol), HC=C-c6H4-ceH (20 
mg, 0.16 mmol), and KOH (0.10 g, 1.8 mmol) in THF (20 mL)/ 
MeOH (20 mL) was stirred at room temperature for 3 h to give 
a white precipitate. The solvents were then removed completely, 
and the residue was washed with MeOH to give a white solid. 
The solid was collected by filtration, washed with MeOH, water, 
MeOH, and ether, and dried. Yield 90 mg, 83 % . NMR in 

CHI], 7.20 [s, 4H, Ph]. IR (Nujol): 2110 [ml, 2034 cm-l [w]. 
Anal. Calcd for Cl&&u#z: C, 28.67; H, 3.31. Found: C, 28.61; 
H, 3.28. 

[ (PMes)AuC=C-C&Mez-C=CAu(PMes)l. A mixture 
of [AuCl(PMe3)1(0.10 g, 0.32 mmol), HC%C--C&I2Me24!=CH 
(24 mg, 0.16 mmol), and KOH (0.10 g, 1.8 mmol) in THF (20 
mL)/MeOH (20 mL) was stirred at  room temperature overnight 
to give a white precipitate. The solvents were then removed 
completely, and the residue was washed with MeOH to give a 
white solid. The solid was collected by filtration, washed with 
MeOH, water, MeOH, and ether, and dried. Yield 94 mg, 84 %. 
NMR in CDCl3: 6(3lP) = -1.29 [SI; 6(1H) = 1.50 [d, J = 10.5 Hz, 

(Nujol): 2106.5 [ml, 2037 cm-l [wl. Anal. Calcd for ClsHB- 
Au2P2: C, 30.96; H, 3.75. Found: C, 30.71; H, 3.70. 

[PhCWAuPPh&6&PPh2AuC=CPh]. A mixture of 
[ C ~ A ~ P P ~ Z C ~ H ~ P P ~ ~ A U C ~ ]  (0.10 g, 0.11 mmol), PhC=CH (0.10 
g, 0.98 mmol), and KOH (0.10 g, 1.8 mmol) in THF (20 mL)/ 
MeOH (20 mL) was stirred at room temperature for 8 h to give 
a cloudy reaction mixture. The solvents were then removed 
completely, and the residue was washed with MeOH to give a 
white solid. The solid was collected by filtration, washed with 
MeOH and ether, and dried. Yield 90 mg, 79%. NMR in 
CDCl3: 6(3lP) = 39.8 [SI; b(lH) = 7.20-7.61 [m, Ph]. IR (Nujol): 
no bands due to v(C=C) between 2000 and 2200 cm-1 were 
observed. Anal. Calcd for CaHAu2P2: C, 52.99; H, 3.29. 
Found: C, 52.43; H, 3.20. 
[P~C=CAUP(~-P~)~C~H~-C~HQ(~-P~)~AUC=CP~]. A 

mixture of [C~A~P(~-P~)~C~H~-C~H~P(~-P~)ZAUC~] (0.20 g, 0.235 
mmol),PhC=CH(O.lOg,O.98mmol),andKOH (0.15g,2.7mmol) 
in THF (20 mL)/MeOH (20 mL) was stirred at  room temperature 
for 10 h to give a cloudy reaction mixture. The solvents were 
then removed completely, and the residue was extracted with 
chloroform. The chloroform of the extract was removed, and 
the residue was washed with MeOH to give a white solid. The 
solid was collected by filtration, washed with MeOH and dried. 
Yield: 0.18 g, 78%. NMR in CDCl3: 6(31P) = 60.5 [SI; S(lH) = 
1.08-1.37 [m, 24H, CHJ, 2.59 [m, 4H, CHI, 7.21-7.90 [m, 18H, 
Ph]. IR (Nujol): 2112 cm-' [wl. Anal. Calcd for CaH&uzPz: 
C, 48.94; H, 4.65. Found: C, 48.34; H, 4.72. 

[ A u ~ - C ~ E I ~ ~ H ~ ~ - A ~ ( ~ P ~ ) ~ ~ - C ~ -  
(i-Pr)~],, Method A. A mixture of [ClAuP(i-Pr),C&-C&Ia(i- 
Pr)~AuCll (0.20 g, 0.235 mmol), HC=c-ceH4-c6H4-C=CH 
(48 mg, 0.237 mmol), and KOH (0.15 g, 2.7 mmol) in THF (20 
mL)/MeOH (20 mL) was stirred at room temperature overnight 
to give a yellow precipitate. The precipitate was collected by 
filtration, washed with MeOH, water, MeOH, and ether, and 
dried. Yield: 0.20 g, 87 % . NMR in CDC13: 6(31P) = 60.3 [SI, 
56.7 [SI; 6(lH) = 1.07-1.38 [m, 24H, CH3], 2.60 [m, 4H, CHI, 
7.36-8.38 [m, 16H,Ph]. IR (Nujol): 2035cm-1 [w]. Anal. Calcd 
for CaHAu2P2: C, 48.99; H, 4.52. Found C, 48.30; H, 4.34. 

[ A U ~ - C ~ E I I - C ~ ~ - A ~ P ( ~ P ~ ) ~ ~ ~ ~ ~ -  
(i-pr)~],, Method B. A mixture of P(i-Pr)2C6H4-C6H4P(i-Pr)2 
(50.0 mg, 0.129 mmol) and [(AUC~C-C~H~-CBH~-C=CAU),] 
(76.9 mg, 0.129 mmol) in dichloromethane (70 mL) was stirred 
at room temperature for 8 h to give a slightly cloudy solution. 
The insoluble material was removed by filtration. The solvent 

CDCl3: 6(31P) = -1.32 [SI; S('H) = 1.52 [d, J = 10.2 Hz, 18H, 

18H, P-CHsl, 2.37 [s, 6H, Ph-CH31, 7.24 [s, 2H, Ph]. IR 
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was removed from the filtrate by using a rotary evaporator and 
the residue was washed with MeOH to give a pale-yellow powder. 
The powder was collected by filtration, washed with MeOH and 
ether, and dried. Yield: 87 mg, 70%. NMR in CDCL 6(31P) 
= 60.5 [SI; 6PH) = 1.12-1.37 [m, 24H, C&l, 2.62 [m, 4H, CHI, 
7.48-7.90 [m, 16H,Ph]. IR (Nujol): 2112 cm-l [w]. Anal. Calcd 
for CmHAu2P2: C, 48.99; H, 4.52. Found: C, 49.55; H, 5.06. 

H~-C*-AUPP~&~H~PP~ZAUC~]. A mixture of [ClAuP- 
Ph2C6H4PPh2AuC11 (0.150 g, 0.165 mmol), HC=C- 
C&-c6H4-c=CH (33.0 mg, 0.163 mmol), and KOH (0.20 g, 
3.6 mmol) in THF (20 mL)/MeOH (20 mL) was stirred at room 
temperature overnight to give a yellow precipitate. The pre- 
cipitate was collected by filtration, washed with MeOH, water, 
MeOH, and ether, and dried. Yield: 155 mg, 91%. NMR in 
CDC13: 6(31P) = 40.0 [SI, 30.7 [SI; = 7.34-7.53. IR (Nujol): 
2108 cm-l [w]. Anal. Calcd for C7gI&~Cl2P4: C, 46.77; H, 
2.89; C1, 3.63. Found C, 46.63; H, 2.87; C1, 3.21. 

[ { A u ~ - C a ~ ~ - A ~ P h ~ ~ ~ P h , L 1 .  A 
mixture of PPhzCazPh2 (50 mg, 0.112 mmol) and [(AuC= 
C-CeH4-C&-C=CAu),] (66.5 mg, 0.112 mmol) in dichlo- 
romethane (70 mL) was stirred at  room temperature overnight 
to give an off-white precipitate. The precipitate was collected 
by filtration, washed with MeOH and ether, and dried. Yield 
102 mg, 88%. The product is insoluble in common organic 
solvents. IR (Nujol): 2113 cm-l [wl. Anal. Calcd for C&32- 

[Au-CEC-CeH,-CEC-AuP( i-Pr)2CeH4-C~H4(& 
Pr)z],, Method A. A mixture of [ClAuP(i-Pr)zCgI4-c6HQ(i- 
Pr)&uCl] (0.20 g, 0.235 mmol), HC=C-C6H4-C=CH (30 mg, 
0.238 mmol), and KOH (0.15 g, 2.6 mmol) in THF (25 mL)/ 
MeOH (25 mL) was stirred at  room temperature overnight to 
give a yellow precipitate. The precipitate was collected by 
filtration, washed with MeOH, water, MeOH, and ether, and 
dried. Yield: 0.18 g, 85%. NMR in CDCl3: S(31P) = 60.5,56.7 
[SI; = 1.07-1.37 [m, 24H, CHsl, 2.60 [m, 4H, CHI, 7.40 [s, 
4H, CeHd], 7.69-7.90 [m, 8H, Ph-Ph]. IR (Nujol): 2099 cm-1 
[w]. Anal. Calcd for CaHAu2P2: C, 45.15; H, 4.46. Calcd for 

Found C, 44.32; H, 4.32; C1, 0.3. 
[A~-C=C-C~HI-C=C-AUP(~-P~)&~H~-C~H~(~- 

PI%],, Method B. A mixture of P(i-Pr)zcsH~--CeHS(i-Pr)a 
(50.0 mg, 0.129 mmol) and [(AUC=C-C~H~-C=CAU)~I (67.0 
mg, 0.129 mmol) in dichloromethane (70 mL) was stirred at room 
temperature overnight to give a slightly cloudy solution. The 
insoluble material was removed by filtration. The solvent of the 
filtration was removed on a rotary evaporator, and the residue 
was washed with MeOH to give a pale-yellow powder. The powder 
was collected by filtration, washed with MeOH and ether, and 
dried. Yield 82 mg, 70%. NMR in CDCL 6(31P) = 60.8 [SI; 
6(lH) = 1.07-1.36 [m, 24H, CHs], 2.56 [m, 4H, CHI, 7.41 [s, 4H, 
C&], 7.69-7.90 [m, 8H, Ph-Ph]. IR (Nujol): 2110 cm-l [w]. 
Anal. Calcd for C91)4oAu#2: C, 45.15; H, 4.46. Found C, 46.02; 
H, 4.69. 

~-AuPPhtCsHQPhAuCl] .  A mixture of [ClAuPPh&&- 
P P h 2 A u C l I  ( 0 . 1 5 0  g ,  0 . 1 6 5  m m o l ) ,  H C -  
C-CeH4-C=CH (20.0 mg, 0.158 mmol) and KOH (0.20 g, 3.6 
mmol) in THF (20 mL)/MeOH (20 mL) was stirred at  room 
temperature overnight to give a yellow precipitate. The pre- 
cipitate was collected by filtration, washed with MeOH, water, 
MeOH, and ether, and dried. Yield 140 mg, 92%. NMR in 
CDC13: 6(31P) = 40.1 [SI, 30.7 [SI; 6QH) = 7.34-7.53. IR (Nujol): 
2129 cm-l [wl. Anal. Calcd for C $ H ~ ~ A Q C ~ ~ P ~ :  C, 44.82; H, 
2.79; C1, 3.78. Found C, 44.39; H, 2.65; C1, 3.29. 
[A~-C=L-C~€€~-C=C-AUPP~&~H~PP~~],. A mix- 

ture of PPhzC6H4PPh2 (50 mg, 0.112 mmol) and [(AuC= 
C-c6H4-C=CAu},] (58.0 mg, 0.112 mmol) in dichloromethane 
(70 mL) was stirred at  room temperature overnight to give an 
off-white precipitate. The precipitate was collected by filtration, 
washed with MeOH and ether, and dried. Yield 94 mg, 87%. 
The product is insoluble in common organic solvents. IR 

[ C I A U P P  ~ ~ C ~ H ~ P P ~ ~ A U - C ~ C - C ' H ~ - C ~ -  

A u ~ P ~ :  C, 53.09; H, 3.10. Found C, 52.42; H, 3.24. 

( C ~ ~ O A U ~ P ~ ) ~ ~ ' C ~ ~ H B B A U ~ C ~ ~ P ~ :  C, 44.6; H, 4.45; C1, 0.4. 

[ C ~ A U P P ~ ~ C ~ H ~ P P ~ ~ A ~ - C ~ C - C ~ H ~ -  
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(Nujol): 2118 cm-1 [wl. Anal. Calcd for C&H&uzPz: C, 49.81; 
H, 2.93. Found: C, 49.65; H, 3.02. 
[AU-C~-C~H~M~~-C~-AUP(~-P~)~~~HI-C~HS- 

(i-Pr)& Method A. A mixture of [C1AuP(i-Pr)zc~~rC~HQ(i-  
Pr)zAuCl] (0.20 g, 0.235 mmol), HC=C-C6H4-C@H (37 mg, 
0.240 mmol), and KOH (0.15 g, 2.6 mmol) in THF (20 mL)/ 
MeOH (20 mL) was stirred at  room temperature overnight to 
give a yellow precipitate. The precipitate was collected by 
filtration, washed with MeOH, water, MeOH, and ether, and 
dried. Yield: 0.186 g, 85%. NMR in CDCl3: 6(31P) = 60.5 [SI, 
56.7 [SI; 6(lH) = 1.07-1.36 [m, 24H, CH31,2.45 [s,6H, CsHzMezl, 
2.47 [m, 4H, CHI, 7.34 [s, 2H, C~HzMezl, 7.69-7.90 [m, 8H, 
Ph-Ph]. IR (Nujol): 2093 cm-1 [w]. Anal. Calcd for 
C3eH44AuzPz: C ,  4 6 . 3 6 ;  H ,  4 . 7 6 .  C a l c d  f o r  
(CseH~uzP2)20.CurH~uzClzPz: C, 45.8; H, 4.7; C1,0.4. Found: 
C, 45.57; H, 4.50; C1, 0.3. 

[ A U - C ~ - C ~ H Z M ~ ~ - C ~ - A U P ( ~ - P ~ ) Z C ~ H I - - C ~ H I P -  
(i-Pr)zII, Method B. A mixture of P(~-P~)zC~H~-C~H~P(~-P~)Z 
(50.0 mg, 0.129 mmol) and [~AuC=C-C~HZM~Z-C~CAU) ,~  
(70.0 mg, 0.129 mmol) in dichloromethane (70 mL) was stirred 
at room temperature overnight to give a slightly cloudy solution. 
The insoluble material was removed by filtration. The solvent 
of the filtration was removed on a rotary evaporator, and the 
residue was washed with MeOH to give a pale-yellow powder. 
The powder was collected by filtration, washed with MeOH and 
ether, and dried. Yield 82 mg, 68%. NMR in CDC13: 6(31P) 
= 60.4 [SI; WH) = 1.07-1.37 [m, 24H, CH31, 2.45 [s, 6H, CsH2- 
Mez],2.47 [m,4H, CHl,7.34 [s,2H, C&&fezl,7.7@7.90 [m, 8H, 
Ph-Ph]. IR (Nujol): 2098 cm-1 [w]. Anal. Calcd for 
CseHduzPz: C, 46.36; H, 4.76. Found: C, 45.90; H, 4.66. 
[ C ~ A U P P ~ Z C ~ H ~ P P ~ ~ A U - C = C - C ~ H * M ~ ~ -  

C = C - A u P P h & ~ P h ~ u C l ] .  A mixture of [ClAuPPhzC&- 
PPhzAuCl] (0.150 g, 0.165 mmol), H C = C - C ~ H Z M ~ ~ - C ~ H  
(25.0 mg, 0.158 mmol), and KOH (0.20 g, 3.6 mmol) in THF (20 
mL)/MeOH (20 mL) was stirred at  room temperature overnight 
to give a yellow precipitate. The precipitate was collected by 
filtration, washed with MeOH, water, MeOH, and ether, and 
dried. Yield: 142 mg, 88%. NMR in CDCl3: 6(3lP) = 40.1 [SI, 
30.7 [SI; 6(lH) = 2.40 [s, 6H, C&IzMez], 7.34-7.56 [br, 12H, Ph]. 
IR (Nujol): no bands assignable to u(C=C) were observed. Anal. 
Calcd for C ~ ~ H & Q C ~ Z P ~ :  C, 45.42; H, 2.96; C1,3.72. Found C. 
44.68; H, 2.85; C1, 3.04. 
[Au~-CsHaMer~-AuPPhFsH9phzl,. A mix- 

tureofPPhzCeHQPh2 (50mg, 0.112mmol) and [(AuC++Mz- 
Me2-C=CAuJZ] (61.2 mg, 0.112 mmol) in dichloromethane (70 
mL) was stirred at  room temperature overnight to give an off- 
white precipitate. The precipitate was collected by filtration, 
washed with MeOH and ether, and dried. Yield: 97 mg, 87 % . 
The product is insoluble in common organic solvents. IR 
(Nujol): 2112 cm-l [wl. Anal. Calcd for C ~ Z H ~ ~ A U ~ P Z :  C, 50.82; 
H, 3.25. Found: C, 49.83; H, 3.16. 

Crystallographic Analysis of [PhC=CAuP(i-Pr)z- 
C~H~-C~HS(~-P~)ZAUC~P~]. A colorless crystal (dimen- 
sions 0.13 X 0.24 X 0.30 mm) was mounted in air on a glass fiber 
with epoxy cement. The data collection was carried out at 23 "C 
on an Enraf-Nonius CAD4F diffractometer using graphite 
monochromated Mo Ka radiation.17 The cell constants and the 
orientation matrix were obtained from photoindexing and 
automatic indexing routines followed by least-squares fits of 21 
accurately centered reflections (25.0 5 28 I 41.7"). Intensity 
data were recorded in the 8-28 mode, at variable scan speeds 
(0.97-4.1' min-l) and a scan width of (0.85 + 0.35 tan O ) " ,  with 
a maximum time per datum of 60 s. Static background 
measurements were made at  the end points of the width (0.95 
+ tan 8)". Three standard reflections were monitored every 180 
min and showed a random decay of 1.3% over the total period 
of 40.4 h. In all, 4061 data in the range 28 = 0-50° and 56 standards 
were recorded. Data processing was carried out by using the 

J i a  et  al. 

NRCVAX Crystal Structure programs18 running on a SUN 3/80 
workstation. An empirical absorption correction was applied,l@ 
based upon the scans of nine reflections with 8 ranging from 
3.7 to 16.3". Equivalent reflections averaged (Rf = 0.023) to give 
3265 data for structure solution and refinement. The cell 
parameters and the systematic absences- indicated a monoclinic 
space group, P21/n with 2 = 2 and, this imposes the presence of 
an inversion center in the molecule. The correctness of the choice 
of this space group was confirmed by successful solution and 
refinement of the structure. The structure was solved by 
SHELXS-8621 and subsequent difference Fourier techniques. 
Refinement was by full-matrix least-squares techniques on F, 
using the SHELX-76 softwareZ2 running on a SUN 3/80 work- 
station. Scattering factors for neutral, non-hydrogen atoms were 
taken from ref 20b. The benzene rings were treated as regular 
hexagons with C-C = 1.395 A. The hydrogen atoms were placed 
in the ideal positions (C-H = 0.95 A) and were included in the 
least-squares cycles for the structure factor calculations only. 
Anisotropic thermal parameters were assigned for all the non- 
hydrogen atoms with the exception of phenyl ring carbons and 
were refined in the least-squares cycles. In the final least-squares 
cycle the refinement of 117 variables and 2308 (I 1 3 4 0 )  data 
converged at  agreement factorsR = 0.0354 and R, = 0.0333 using 
the weighting scheme, w = k/a2(F,) + gF where k = 2.3324 and 
g = 0.000 178. The extinction parameter was refined to 3.4(5) 
X lV. The top five peaks in the final difference Fourier synthesis 
have electron densities in the range 0.672-0.791 e A-3; of these 
the top three were associated with the Au atom at distances of 
0.99-1.09A. The largest shift/error in the final cycle was -0.035. 
The experimental details and crystal data, the positional and 
U, thermal parameters are given in Tables I and 11, respectively. 
Selected bond lengths and angles are listed in Table 111. Tables 
of aniostropic thermal parameters and calculated hydrogen atom 
positional parameters are given as supplementary material. 

(17) CAD4 Diffractometer Manual; Enraf-Nonius: Delft, The Neth- 
erlands, 1988. 

Results and Discussion 

Ligand Synthesis. The ligand (i-Pr)2PcsHrCsH4P- 
(i-Pr)2 was prepared by the reaction of 2 equiv of ClP(i- 
Pr)z with LiC6H4-C&Li generated in situ by treatment 
of BrC6H&&Br with BuLi (eq 1). The ligand can be 

1. BuLi 

purified by protonation and deprotonation and column 
chromatography. The procedure is similar to that for the 
preparation of analogous compound PPh2C&L&&PPhP 
and a,w-bis(diphenylphosphino)polyether.24 The 3IP NMR 
spectrum of the new ligand displays one singlet a t  7.7 ppm, 
while two sets of methyl signals and one set of P-CH and 
aromatic ring signals were observed in both the 1H and 
l3C NMR spectra (see data in Experimental Section). The 
inequivalence of the methyl groups of each Me2CH-P 

(18) Gabe,E. J.;LePage,Y.;Charland,J.-P.;Lee,F.C.NRCVAX-An 
Interactive Program System for Structure Analysis. J. Appl. Crystallogr. 
1989,22,384. 

(19) North, A. C. T.; Phillips, D. C.; Matthews, R. S. Acta Crystallogr. 
1968,24A, 351. 

(20) (a) International Tables for X-ray Crystallography; D. Reidel 
Publishing Co.: Boston, 1983; Vol. A. (b) Zbid. Kynoch Press: Birming- 
ham, England, 1974; Vol. IV. 

(21) Sheldrick, G .  M. SHELXS-86, Structure Solving Program. Uni- 
versity of Gottingen, FDR, 1986. 

(22) Sheldrick, G .  M. SHELXS-76, Program for Crystal Structure 
Determination. University of Cambridge, England, 1976. 

(23) Baldwin, R. A,; Cheng, M. J. Org. Chem. 1967,32,1672. 
(24) Taahiro, M.; Sumida, T.; Fukata, G. J. Org. Chem. 1980,45,1156. 
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Polymers with Gold(l) Centers 

Table I. Summary of X-ray Structure Determination 

Organometallics, Vol. 12, No. 9, 1993 3569 

(AuCGCR), + PR, + RCEC-Au-PR, (2) 
compd, fw CMH~~AUZPZ,  982.69 
cryst syst, space group 
cell dimens 

monoclinic P2l/n 

a (A) 14.378(2) 
13.307(3) 
9.997( 1) 

B (deg 103.17(1) 
1862.5(3), 2 
1.75(5), 1.752 

b (4 
c (A) 

cell vol ( i 3 ) ,  z 
density (gcm-3) (obsd, calcd) 
F(OO0) 948 
diffractometer, monochromator Enraf-Nonius CAD4F; graphite 
radiation, wavelength (A) 
abs coeff (cm-I) 76.7 
transm max, min 0.202,0.119 
no. of observ, variables 
final model; R and R, 

Mo Ka, 0.710 73 

2308 ( I ?  3u(I)), 117 
0.0354,0.0333 

Table 11. Atomic Positional (X 104) and Thermal ( X103) 
Parameters 

atom X Y z u, (A9 
Au 2720.8(2) 2893.0(2) 6367.1(4) 42.1(1)* 
P 1239(2) 2437(2) 6616.2 35(1)* 
C( l )  4058(7) 3316(7) 6400(9) 50(3)* 
C(2) 4860(7) 3580(7) 6572(10) 50(3)* 
C(3) 259(6) 2519(7) 5079(9) 52(3)* 
C(4) -708(6) 2224(7) 5345(11) 71(4)* 
C(5) 221(8) 3542(7) 4422(11) 87(4)* 
C(6) 1244(6) 1142(6) 7240(9) 43(3)* 
C(7) 2015(6) 1018(6) 8555(9) 57(3)* 
C(8) 1394(6) 418(6) 6 14 l(9) 56(3)* 
C(11) 872(4) 3260(3) 7882(5) 34(2) 
C(12) 297(4) 2928(3) 8745(5) 45(2) 
C(13) -33(4) 3610(3) 9591(5) 5 6 0  
C(14) 212(4) 4624( 3) 9574(5) 3 1 0 )  
C(15) 786(4) 4956(3) 8712(5) 44(2) 
C(16) 1116(4) 4274(3) 7865(5) 4 5 m  
C(21) 5840(4) 3 9 3 3 (4) 6839(6) 50(2) 
C(22) 6052(4) 4934(4) 6621(6) 6 W )  
C(23) 7000(4) 5258(4) 6914(6) 89(4) 
C(24) 7735(4) 4580(4) 7426(6) 86(4) 
C(25) 7523(4) 3579(4) 7644(6) 94(4) 
C(26) 6575(4) 3256(4) 735 l(6) 76(3) 
a Values marked with an asterisk refer to atoms that were assigned 

anisotropic thermal parameters given as the isotropic equivalent dis- 
placement parameter defined as U, = ‘/3~i~jUi,.a*ra*~a,-aj. 

Table 111. Selected Bond Distances (A) and Angles (deg) 
Au-P 2.282(2) 
P-C(3) 1.837(9) 
P-C( 11) 1.840(5) 
C(2)-C(2l) 1.451 (1 1) 
C(3)-C(5) 1.506( 12) 
C(6)-C(8) 1.513(11) 

C( l)-Au-P 172.9(3) 
C(~)-P-AU 110.8(3) 
C(6)-P-C(3) 106.5(4) 
C( 11)-P-C(6) 107.8(3) 

C( 5)-C(3)-P 111.3(7) 
C( 7)-C( 6)-P 110.0(6) 
C(8)-C(6)-C(7) 111.2(7) 
C(16)-C(ll)-P 117.0(1) 

C(21)-C(2)-C(l) 177.2(9) 

C(26)-C(21)-C(2) 118.7(4) 

Au-C( 1) 1.997(9) 
P-C(6) 1.832(8) 
C(l)-C(2) 1.179(11) 

1.526(12) 
1.523(11) 

C(3)-C(4) 
C(6)-C(7) 
C(14)-C(14)’ 1.528(9) 

C(~)-P-AU 116.8(3) 
C(l  l)-P-Au 109.8(2) 
C(ll)-P-C(3) 104.7(3) 
C(2)-C( l)-Au 172.7(9) 
C(4)-C(3)-P 113.3(7) 

C(8)-C(6)-P 110.0(6) 
C(12)-C( ll)-P 122.7( 1) 

C(S)-C(3)-C(4) 11 1.4(8) 

C(22)-C(21)-C(2) 121.3(4) 

group is expected since there is no plane of symmetry 
containing the P-C b0nd.~5 

Preparation of Binuclear Gold(1) Complexes. The 
simplest routes to monomeric gold alkynyl phosphine 
complexes of the type [RC=CAu(PR3)] include the 
reaction of [(AuC=CR),I with PR3 (eq 2)26 and the 
reaction of RC=CH with [ClAu(PR3)1 in the presence of 

449, 211. 
(25) Jia, G.;Puddephatt,R. J.; Vittal, J. J. J. Organomet. Chem. 1993, 

(26) Coates, G. E.; Parkin, C. J. Chem. SOC. 1962, 3220. 

C1Au(PR3) + RC=CH + B - 
RC=C-Au(PR,) + BH’X- (3) 

a strong base (eq 3).27 Thus, it is expected that polymer 
compounds might be prepared from the similar reaction 
of a linear gold(1) diacetylide complex [(AuC= 
C-Ar-C=CAu),l with a bridging diphosphine or the 
reaction of a dinuclear gold(1) diphosphine complex 
[ClAuPR2-Ar-PR2AuCl] with a potentially bridging 
diethynylarene, HCEC-Ar-C=CH in the presence of 
a base. Thus the complexes [(AuCrC-Ar-C=CAu),l 
and [ClAuP&-Ar-PR&ClI were prepared as potential 
polymer precursors. 

The complexes [(Au-C=C-Ar-C=C-Au),] (la, Ar 

2,5-Mez) were prepared from the essentially quantitative 
reactions of 2 equiv of [AuCl(SMe2)1 with the appropriate 
diethynylarene in the presence of sodium acetate as a base 
(eq 4). All the complexes are air stable, yellow powders 

2[AuC1(SMe2)] + HC=C-Ar-C=CH + 

= 4,4’-CeH4-C& lb, Ar = 1,4-C6H4; IC,  Ar 1,4-C&- 

2Na0,CMe - (Au-C=C-Ar-C=C-Au), + 
2NaC1+ 2H0,CMe (4) 

which are insoluble in common organic solvents. They 
were characterized by elemental analysis, IR spectroscopy, 
and their subsequent reactions (see below). The u(C=C) 
bands in the infrared spectra were observed as weak bands 
around 2000 cm-l. These digold complexes resemble in 
appearance (phenylethynyl)gold(I) which is proposed to 
be a coordination polymer in which the acetylide is 
a-bonded to one gold atom and ?r-bonded to another.26 
The digold diacetylides are probably also polymeric in 
nature. To our knowledge, similar dinuclear gold(1) 
acetylide complexes are rare, the only characterized 
example being the explosive gold(1) acetylide A u & ~  which 
was reported as early as 1900.28 Complexes la-lc do not 
appear to be explosive but should be handled with caution. 

The complexes [ClAuPR2-Ar-PR2AuClI (2a, R = Ph, 
Ar = 1,4-C6H4; 2b, R = LPr, Ar = 4,4’-C&-C6H4) were 
readily prepared from the reactions of 2 equiv of [Au- 
Cl(SMe2)I with PR2-Ar-Pb (eq 5).  The compounds were 

2AuC1(SMe2) + Pr,-Ar-PR, - 
ClAuPR,-Ar-PR,AuCl + 2SMe, (5)  

characterized by elemental analysis and NMR (1H and 
31P) spectroscopy. The 31P resonances for the Au com- 
plexes shifted (40 ppm for 2a and 49 ppm for 2b) downfield 
compared to the free ligands. The downfield shift is in 
the range reported for the phosphine coordination chemical 
shifts of [AuCl(PR3)1 complexes, for example, 38.7 ppm 
for [AuCl(PPh3)1 and 55.0ppm for [ A U C ~ ( P P ~ E ~ ~ ) ] . ~  Like 
the free ligand, the ‘H NMR spectrum of [ClAuP(i- 
P~)~CBH~-CBH~P(~-P~)PAUC~], 2b, displays two sets of 

(27) (a) Bruce, M. I.; Horn, E.; Matisons, J. G.; Snow, M. R. A u t .  J. 
Chem. 1984,37,1163. (b) Cross, R.; Davidson, R. J.; McLennan, M. F. 
J. Chem. SOC., Dalton Trans. 1986,411. (c) Cross, R.; Davidson, R. J.; 
McLennan, M. F. J. Organomet. Chem. 1984,265, C37. 

(28) Matthews, J. A.; Watters, L. L. J. Am. Chem. SOC. 1900,22,108. 
(29) See, for example: (a) Attar, S.; Bearden, W. H.; Alcock, N. W.; 

Alyea, E. C.; Nelson, J. H. Inorg. Chem. 1990,29,425. (b) Al-Sa’ady, A. 
H.; McAuliffe, C. A.; Moss, K.; (“Dick”) Parish, R. V.; Field, R. J. Chem. 
Soc., Dalton Trans. 1984, 491. 
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Chart I 

s 
w 

l a  

2a 

d 
l b ,  R = H 

l c ,  R = Me 

i-  Pr2 

2b 

Chart I1 

3b 

d 
4b. R = H 

4c, R = Me 

methyl signals and one signal for the aromatic and the 
P-CH protons (see data in Experimental Section). 

Reactivity of the  Precursor  Dinuclear  Gold(1) 
Complexes: The Modeling Reactions. As expected, 
dinuclear gold(1) phosphine acetylide complexes were 
readily prepared from either [ClAuPR2-Ar-PR2AuClI, 
2, or [(AuC=C-Ar-C=CAu),l, 1. Treatment of 2a or 
2b with PhCECH in the presence of KOH or MeONa 
produced the corresponding diacetylide complexes [PhCE 
CAuPR2-Ar-PRAuC=CPhl, 3a or 3b, respectively (eq 
6). In the IR spectrum, a weak band at  2112 cm-l, 

ClAuPR,-Ar-PR2AuC1 + 2PhC=CH + 
2KOH - PhC=CAuPR,-Ar-PR,AuC=CPh + 

2H20 + 2KC1 (6) 

assignable to u(C=C), was observed for [PhC=CAuP(i- 
P ~ ) ~ C ~ H ~ - C ~ H ~ P ( ~ - P ~ ) ~ A U ~ P ~ I ,  3b, whereas v(C=C) 
must be too weak to be observed for the analogous 
compound [PhC=CAuPPh2C6H4PPh2AuC=CPhIt 3a. 
The 31P NMR spectra display resonances at  39.8 ppm for 

3a and 60.5 ppm for 3b; both are shifted downfield 
compared to the parent chloride gold(1) complexes. This 
is in agreement with the reported observation that the 31P 
chemical shifts for alkynylgold monophosphine complexes 
are slightly downfield from those of the analogous chlo- 
rogold complexes.27b Like the free ligand and the corre- 
sponding chloride complex, the ‘H NMR spectrum of 
[ PhCECAuP (i-Pr)aCsH4-CsHrP (i-Pr)zAuC=CPh], 3b, 
displays two seta of methyl signals (see data in Experi- 
mental Section). 

Reactions of the diacetylide complexes [(Au-C= 
C-Ar-C=C-Au),], 1, with 2 equiv of PMe3 produced 
the corresponding phosphine complexes [MesPAu- 
C=C-Ar-C=C-AuPMe31(4a, Ar = 4,4’-c&-C&; 
4b, 194-CGH4; 4c, 1,4-C&-2,5-Me2) (eq 7). The same 
compounds were also readily obtained from the reaction 
of [ClAu(PMe3)] with HC=C-Ar-C=CH in the pres- 
ence of MeONa or KOH (eq 8). The PMe3 complexes 
were characterized by elemental analysis and NMR (lH 
and 3lP) and IR spectroscopy. In particular, the 31P NMR 
spectra of the complexes in chloroform show a singlet 
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Polymers with Gold(I) Centers 

Au-C=C-Ar-C=C-Au + 2PMe3 - 
Me,PAu-C=C-Ar-C=C-AuPMe, (7) 

Organometallics, Vol. 12, No. 9, 1993 3571 

2C1AuPMe3 + HC=C-Ar-C=CH + 
2KOH - Me,PAu-C=C-Ar-C=CPMe, + 

2H20 + 2KC1 (8) 

around -1 ppm; the ‘H NMR spectra in chloroform display 
resonances for PMe3groups at  ca. 1.5 ppmand the expected 
peaks of the arylacetylides; the IR spectra exhibit bands 
around 2110 cm-l, assignable to C=C stretching. 

Molecular Structures of [PhC=CAuP(i- 
P r ) z C s H a ~ s H 4 P ( i - P r ) ~ A u C ~ P h ] .  The molecular 
structure of [P~C=-CAUP(~-P~)~C~H~-C~H~P(~-P~)~- 
AuC=CPhl is shown in Figure 1 and selected bond lengths 
and angles are presented in Table 111. The molecule 
possesses a center of symmetry at  the center of the 
C(14)-C(14’) bond, and hence the gold acetylide units 
are arranged strictly in the anti conformation. If this 
conformation is retained in the analogous diethynylben- 
zene derivative (see below), then a polymer, I, rather than 

I 0 
p u - c -  

R2F; 

A P  
R h  

‘Au -c= c a m  c- 

a cyclic dimer, 11, or oligomer will be expected. The 
biphenyl aromatic rings are essentially coplanar, thus 
allowing delocalization of ?r-electrons through the biphenyl 
unit. However, the distance C(14)-C(14’) of 1.528(9) A 
suggests little multiple bond character. Because of the 
planarity of the biphenyl group, the ortho hydrogen atoms 
give a relatively short nonbonded distance H(15)-H(13’) 
= 1.84A. ThetorsionangleAu-P-C(11)-C(16), which 
defines the conformation of the ethynylgold group with 
respect to the biphenyl unit is 38.5(4)’, and the angle 
between the phenyl planes of the phenylethynyl and 
biphenyl groups is 63.1(1)’. The conformation of the 

Figure 1. The molecular structure of [PhC=CAuP(i- 
Pr)~CsH~-C~H~P(i -Pr)~Auc~cPhl .  Hydrogen atoms are 
omitted for clarity. 

isopropyl substituents in the solid state is such that all the 
methyl groups on each i-Pr2P group are inequivalent. The 
bulkier methyl substituents are staggered with respect to 
the other substituents on phosphorus. The Au-P bond 
distance (2.282(2) A) is a t  the upper end of the Au-P 
bonds observed in several other gold phosphine complexes, 
for example, AuzClp(p-dpma) (2.239(4), 2.233(4) A) (dpma 
= (bis(diphenylphosphino)methyl)phenylarsine),3QB AI&&- 
(p-dpma) (2.227(4), 2.234(4) A),30a Au2Cl2(r-truns-Phz- 
PCH=CHPPh2), (2.235( 2) A) ,30b A ~ & l z ( p - ~ i ~ - P h z -  
PCH=CHPPh2) (2.226(4), 2.239(5) A)?& Au2C12(p.- 
PhzPCH2CH2PPh2) (2.242(6), 2.237(6) AusC13(r- 

PCH2PPh2) (2.238(5), 2.288(7) A ) , W A U ( C W C ~ ~ ~ ) ( P P ~ $  
Ph2PCH2)3CMe (mean 2.239 AuzClz(p-Ph2- 

(2.274(1) AU(C--=CCH~OM~)(P(C~H~M~-~)~)  (2.274(3) 
A),31bandC2[Au(P(C&Me-3)3)12 (2.270(4), 2.284(3) 
consistent with a high trans influence of the alkynyl group. 
All other bond distances are unexceptional. There are no 
short intermolecular Aw-Au contacts of the type com- 
monly found in gold(1) complexes, presumably because 
the bulky isopropyl substituents prevent a close approach. 
The angles C(1)-Au-P (172.9(3)’) and Au-C(1)-C(2) 
(172.7(9)’) areroughlylinearandareintherangereported 
for other gold acetylide c ~ m p l e x e s . ~ ~  The angle Au- 
P-C(11) is 109.8’, asexpectedfor tetrahedral phosphorus. 
Because this angle is not linear, the polymer formed from 
diethynylbenzene cannot be strictly linear but would have 
a kinked structure I. 

Synthesis of Polymers. Yellow polymeric complexes 
were prepared either from the reaction of a linear gold(1) 
diacetylide complex [{AuC~C-Ar-C=CAuj,l , 1, with 
a diphosphine or from the reaction of a dinuclear gold(1) 
diphosphine complex [ClAuPr~-Ar-Pr~AuCl], 2, with 
a diethynylarene in the presence of a base. 

Reactions of the linear digold complexes [(Au-C= 
C--Ar--c--=c-Au),l, la-lc, with P(i-Pr)2C&-C&&i- 
Pr)2 in CHzCl2 produced light yellow powders [(Au-C= 

(30) (a) Balch, A. L.; Fung, E. Y.; Olmstead, M. M. J. Am. Chem. Soe. 
1990, 112, 5181. (b) Eggleston, D. 5.; McArdie, J. V.; Zuber, G. E. J. 
Chem. SOC., Dalton. Trans. 1987,677. (c) Jones, P. G. Acta Cryetallogr. 
1980,36B, 2775. (d) Bates, P. A.; Waters, J. M. Znorg. Chim. Acta 1985, 
98,125. (e) Copper, M. K.; Henrick, K.; McPartlin, M.; Latten, J. Inorg. 
Chim. Acta 1982,65, L185. (f) Schmidbauer, H.; Wohlleben, A.; Wager, 
F.; Orama, 0.; Hutter, G. Chem. Ber. 1977,110, 1748. 

(31) (a) Carriedo, G. A.; Riera, V.; Solans, X.; Solans, J. Acta Cryetallogr. 
1988, C44,978. (b) Bruce, M. I.; Horn, E.; Matisons, J. G.; Snow, M. R. 
A u t .  J.  Chem. 1984,37,1163. (c) Bruce, M. I.; Grundy, K. R.; Liddell, 
M. J.; Snow, M. R.; Tiekink, E. R. T. J.  Organomet. Chem. 1988,344, C49. 
(d) Corfield, P. W. R.; Shearer, H. M. M. Acta Cryetallogr. 1967,23,156. 
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Chart I11 

Jia et al. 

50 

Y 

All the products are air-stable, pale-yellow solids which 
are insoluble in most organic solvents but slightly soluble 
in halogenated solvents such as dichloromethane and 
chloroform. They were characterized primarily by ele- 
mental analysis and NMR and IR spectroscopy. The 31P 
NMR spectra display a singlet around 60.5 ppm, and the 
IR spectra show a weak IR band at  2110 cm-', assignable 
to v(C=C). The 3lP and IR spectral properties are very 
similar to those of the model dinuclear acetylide complex 
[ P h C W  AuP (i-Pr) 2C&q&F'( i-Pr)&uCSPhl. The 
1H NMR spectra show slightly broad resonances for the 
diphosphine and the aryldiacetylide ligands. The spec- 
troscopic and solubility properties of the products suggest 
that they are polymeric in nature. In view of the trans 
disposition of the two phenylacetylide groups and the 
roughly linear geometry around the gold center in the X-ray 
structure of [ P ~ C ~ C A U P ( ~ - P ~ ) ~ C ~ H ~ - C ~ H ~ P ( ~ - P ~ ) ~ -  
AuC=CPhl, the products 5 are suggested to have a linear 
polymeric structure (the line drawing shows the more 
symmetrical head-to-tail structure, but the selectivity is 
not known). However, a cyclic polynuclear structure, and 
even a dinuclear cyclic structure, cannot be completely 
excluded. One sample gave a molecular weight by GPC 
of 15 000 (polystyrene standard) in tetrahydrofuran, with 
no evidence of low molecular weight impurities. 

Similar yellow solids, 6, which analyzed as [(Au-C= 
C--A~-CEC-A~P(~-P~)~C~H~-C~H~P(~-P~)~).I (6a, Ar 

5b, R = H 

5c,  R = Me 

= 4,4'-C6H4-C&; 6b, Ar = 1,4-c6&; 6c, Ar = 2,5-C&Me2) 
were prepared from the reactions of [ClAuP(i-Pr)z- 

(Ar = C&-C&, C6H4, 2,5-C&Me2) in the presence 
of KOH or NaOMe (eq 10). 

H-C=C-Ar-C=C-H + ClAuP 

C & - - C ~ W ( ~ - P ~ ) & U C ~ ]  With H--C*--Ar--C--=C-H 

(i-Pr)2C6H4-c6H4P(i-Pr)2AuC1 + 2KOH - 
(Au-c~c-Ar-C=c-A~P(i-Pr)~c~H~- 

c6H4P(i-PI')2), + 2H2O + 2KC1 (IO) 

Again the solids are insoluble in most organic solvents 
but partially soluble in halogenated solvents such as 
dichloromethane and chloroform. They were character- 
ized by elemental analysis and NMR and IR spectroscopy. 
The IR spectra of 6 (4000-650 cm-l) were indistinguishable 
from those of the corresponding polymers 5. The slP NMR 
spectra of 6 display a singlet around 60.5 ppm (major) and 
asinglet at 56.7 ppm (minor). The former signal is assigned 
to CECAUP whereas the latter is assigned to ClAuP by 
comparing the 31P NMR properties of [PhC=CAuP(i- 
P~)~C~H~-C~H~P(~-P~)~AUCECP~I and [CMuP(i-Pr)z- 
CsH4-C6H4P(i-Pr)2AuCll. The presence of signals as- 
signable to ClAuP in the 31P NMR of the products indicates 
that these polymers 6 have AuCl end groups, and this was 
confirmed by elemental analysis. From the relative 
intensity of CECAUP and ClAuP signals in the 31P NMR 
spectra, the number of repeating units and hence the 
molecular weights for the soluble fraction of the polymer 
can be estimated. There are two possible structures with 
AuCl end groups, namely (i) one end of the polymer chain 
is AuCl (structure A) and (ii) both ends are AuCl (structure 
B). The intensity ratio of CECAUP to ClAuP is ( 2 x  - 1)/1 
= 2x - 1 for structure A and is 2 x / 2  = x for structure B 
where x is the number of repeating units. For example, 
the intensity ratio was determined to be 27 for [(AuP(i- 

C),] , the x value can therefore be calculated to be 14 for 
Pr)2CeH4-C6H4P ( ~ - P ~ ) ~ A u - C ~ C - C ~ H ~ - C ~  
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Polymers with Gold(0  Centers 

Chart IV 
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6c, R = Me 

ClAU 

structure A or 27 for structure B. The molecular weight 
was thus estimated to be 13 700 for structure A or 27 000 
for structure B. The insoluble fractions of the polymers 
almost certainly have higher molecular weights. Structure 
B is considered more probably than structure A for the 
polymers since no acetylenic C-H stretch could be 
detected in the FTIR spectra. The molecular weight of 
one sample was determined by GPC in tetrahydrofuran 
to be 18 000 compared to a polystyrene reference. 

The thermal properties of the polymeric compounds 
[ ( A ~ - C ~ C - A ~ - C ~ C - A U P ( ~ - P ~ ) Z C ~ H ~ - ~ ~ H ~ P ( ~ -  
pr)~),] (AI' = C6&-C& 2,5-C&Mez) have been studied 
using differential scanning calorimetry, DSC. Each sample 
displays a significant endothermic transition over a wide 
temperature range, 50-150 OC, and decomposes to metallic 
gold at  temperatures above 250 "C. 

Reactions of linear digold complexes [ (Au-CE- 
C-Ar-C=C-Au),], 1, with PPhzC6H4PPhz in CHZC12 
produced white powders which analyzed as [(Au-C= 
C-A~-C=C-AUPP~ZC~H~PP~Z),I (7a, Ar = C6H4- 
C6H4; 7b, Ar = 1,4-C,&; 7c, Ar = 1,4-C6Hz-2,5-Mez) (eq 
11). 

All the products are air stable solids which are insoluble 
in common organic solvents. They were characterized 
primarily by elemental analysis and IR spectroscopy. In 
particular, all the products have similar IR spectral 

properties and a weak IR band around 2110 cm-l, 
assignable to v(C=C), was observed in each case. In view 
of their low solubility, the products 7 are presumed to 
have a polymeric structure like their analogs 5. The 
insolubility makes it impossible to determine the molecular 
weight of the polymers or to characterize them in solution 
by NMR spectroscopy. 

Reaction of [ C ~ A U P P ~ ~ C ~ H ~ P P ~ Z A U C ~ ]  with H-C= 
C-Ar-CEC-H (Ar = CsH4-CsH4, C6H4, CsHzMez) in 
the presence of KOH or NaOMe were carried out with the 
intention of preparing similar polymers. However, yellow 
solids which analyzed as (Cl2AuzPPhzCeH4PPhz)- 
(Au-C-=C-Ar-C-=C-AuPPh&aPhz) were formed, 
for which a probable structure is [ C ~ A U P P ~ Z C ~ H Q P ~ Z A U  
-C=C-A~-C=C-AUPP~ZC~H~PP~ZAUC~I (8a, Ar = 
4,4'-C&-CsH4; 8b, Ar = 1,4-C&; 8c, Ar = 2,5-C&Mez) 
(eq 12). The solids are insoluble in acetone or benzene 
H-C=C-Ar-C=C-H + 

2C1AuPPhzC6H4PPh,AuC1 + 2KOH - 
[ C1AuPPhzC6H4PPhzAu-C=~-Ar-~~~- 

AuPPhzC6H4PPhzAuCll + 2Hz0 + 2KC1 (12) 

but sparingly soluble in halogenated solvents such as 
dichloromethane and chloroform. In the IR spectra, a 
weak IR band at  2110 cm-l, assignable to v(C=C), was 
observed, but there was no detectable peak due to 
v(CC-H). The 'H NMR spectra show the expected 
resonances for the diphosphine and the acetylide ligands. 
The 3lP NMR spectra display a singlet around 40 ppm 
and a singlet a t  30 ppm. The former signal is assigned to 
C=CAuP whereas the latter is assigned to ClAuP by 
comparing t h e  31P NMR propert ies  of [ P h C E  
C A U P P ~ Z C ~ H ~ P P ~ ~ A U C E C P ~ ]  and [ClAuPPhz- 
C6H4PPhzAuClI. The intensity ratios of C=CAuP to 
ClAuP of the products are approximately 1:1, and much 

Presumably, complexes 8 are insoluble in the solvent used 
in the synthesis and so precipitate before further reaction 
to give oligomers or polymers can occur. 

s m d e r  than those Of P(~-P~)zC~H~-C~H~P(~-P~)Z andogs. 

Conclusions 
In most conjugated, linear, rigid-rod polymers the metal 

centers have been connected by neutral diisocyanide or 
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ligands and are obviously important for enhancing the 
solubility of the polymers and oligomers. This is a 
considerable advantage in preparing soluble polymers with 
metal centers such as gold(1) in the backbone, since it is 
clearly not possible to use ancillary ligands as solubilizing 
substituents on the metal. This is the technique commonly 
used with metal centers having higher coordination 
numbers. Hence the diphosphines should be very useful 
for the synthesis of polymers with metal centers in the 
backbone. 

dianionic diacetylide bridges with arene spacer groups. 
Conjugation then involves the p,-p, multiple bonds of 
the ligand with d, orbitals of the transition metal. In this 
work, the use of neutral diphosphine bridges has been 
investigated. Two changes are introduced, which might 
have a significant bearing on polymer formation. Firstly, 
the polymers cannot be strictlylinear because of the natural 
tetrahedral angle a t  phosphorus (structure I) and, po- 
tentially, this could allow the formation of cyclic dimers 
(structure 11, for example) or trimers instead of the desired 
polymers. In practice, there was no evidence for the 
formation of such cyclic compounds and it is therefore 
established that the diphosphines with arene spacer groups 
will be useful for the synthesis of polymers. Secondly, the 
conjugation will involve p,-p,(CC), p,-d, (CP), and d,- 
d,(PAu) bonding effects and so is more complex and 
probably weaker than with, e.g., diisocyanide bridges. The 
yellow color of the polymers, compared to colorless 
monomeric analogs, suggests that there is some electron 
delocalization in the diphosphine bridged polymers, but 
a comparison with the extent of delocalization in diiso- 
cyanide bridged analogs is not yet possible. 

Bulky substituents, such as the isopropyl groups used 
in this work, are easily incorporated into the diphosphine 
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