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The reactions of truns-(Ph3P)zIr(CO)(Cl) and truns-(Ph3P)zRh(CO)(Cl) with bis- and tris- 
[phenyl(iodonium)] di- and triyne triflate salts PhI-C=C-R-CsC-IPh*2OTf (R = pC6H4, 
pMe4C6H4,4,4'-C6H&sH4, O-CsH4) and 1,3,5-(PhI-C'-C)3C6H3*3OTf, respectively, in aceto- 
nitrile afford high yields of the corresponding iridium(II1) and rhodium(II1) a-acetylide 
complexes as stable, crystalline solids. 

Introduction 

Conjugated organic monomers and polymers have 
been extensively studied because of their interesting 
properties and potential applications to advanced ma- 
terials.1,2 More recently, conjugated transition metal 
complexes have emerged as a promising class of mol- 
ecules for use as advanced materials and, in particular, 
have shown promise in the areas of nonlinear optics, 
organic conductors, and liquid  crystal^.^,^ These proper- 
ties result primarily from the ability of the metal to  
participate in n-delocalization, as well as the potential 
for interaction of the transition metal d-orbitals with 
the conjugated n-orbitals of the organic m ~ i e t y . ~ ? ~  Fur- 
thermore, the ability of organometallic complexes to 
participate in metal-to-ligand and ligand-to-metal charge 
transfers allows significant reordering of the n-electron 
distribution,6 as well as manipulation of this electronic 
distribution via modification of the ligands coordinated 
to  the metal   enter.^ 

Studies have recently shown that metallic u-acetylide 
complexes exhibit particularly encouraging third-order 
NLO proper tie^.^^^^,^ This has dramatically increased 

@ Abstract published in Advance ACS Abstracts, July 1, 1994. 
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SOC. 1991,113,7227-7232. (c) Meyers, L. K; Langhoff, C.; Thompson, 
M. E. J.Am.  Chem. Soc. 1992,114,7560-7561 and references therein. 
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K.; Wong, A.; Tagge, C. D. Organometallics 1993, 12, 3522-3526. 
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P. L.; Chauchard, E. A.; Lee, C. H. Polymer 1987,28, 553-555 and 
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interest in the synthesis and characterization of orga- 
nometallic compounds with yl-acetylide ligands, l.9J0 
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Linear, conjugated C2 and C4 bridged bimetallic systems 
2 have subsequently been formed, generally via interac- 
tions of complexes 1 with a second metal center.11J2 
Numerous bis(acety1ide)metal complexes 3 have also 
been synthesized via a-coordination of two acetylene 
ligands to one metal center.13 Efforts toward the 
formation of metal acetylide complexes with even greater 
n-delocalization have afforded numerous bimetallic 
complexes 4 and polymetallic chains 5 linked by rigid, 
conjugated backbones such as -C4hryl -CW-,  and 
incorporating a variety of metals including Au, Co, Fe, 
Mn, Ni, Pd, Pt, Rh, and Ru.14 

(8) Guha, S.; Frazier, C. C.; Porter, P. L.; Kang, K; Finberg, S. E. 
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Selegue, J. P. J .  Am. Chem. SOC. 1991,113,2316-2317 and references 
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Tagge, C. D.; Leon, D. R. Organometallics 1990, 9, 1992-1994 and 
references therein. 

(13) Leading references: Touchard, D.; Haquette, P.; Pirio, N.; 
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To date, the synthesis of metal complexes 1-6 has 
been primarily achieved via conventional nucleophilic 
acetylide (RC=C-) chemistry and by the formal oxida- 
tive addition of terminal acetylenes or alkynyl stan- 
nanes to the metal center. To complement these 
methods, the ability of alkynyl(pheny1)iodonium triflates 
6 to serve as synthons for electrophilic acetylenes 7 may 

Tykwinski and Stang 

bimetallic iridium triflate complex 10. This structure 
assignment is also supported by proper combustion 
analysis. 

To form complexes more amenable to characteriza- 
tion, displacement of the triflate anion by an alternative 
ligand (i.e., acetonitrile) was attempted.16 The addition 
of 9a to a stirred acetonitrile solution of the respective 
bis[phenyl(iodonium)l triflate salt 8a-d resulted in the 
almost immediate formation of a clear yellow solution. 
Filtration to remove any undissolved solids and the 
subsequent addition of ether resulted in precipitation 
of the respective bimetallic iridium(II1) complexes lla-d 
(Scheme 1). Likewise, reaction of tris[phenyl(iodonium)l 
triyne triflate 13 with 3 equiv of 9a at room temperature 
afforded the trimetallic iridium(II1) complex 14 as a 
stable microcrystalline solid. 

In a similar manner, the addition of truns-(PhsP)n- 
Rh(CO)(Cl), 9b, to a CH3CN solution of the respective 
bis[phenyl(iodonium)] triflate 8a-c resulted in the 
formation of a bright yellow solution from which small 
amounts of product generally began precipitating aRer 
several minutes (Scheme 1). The addition of ether 
effected complete precipitation, and subsequent filtra- 
tion afforded the linear, bimetallic rhodium complexes 
12a-c, respectively, as yellow solids. Reaction of bis- 
[phenyl(iodonium)l triflate 8d and tris[phenyl(iodo- 
nium)] triflate 13 with 9b under the same conditions, 
however, afforded impure rhodium complexes (-90% 
pure) that were unstable to further purification. 

Complexes lla-d, 12a-c, and 14 are characterized 
by multinuclear NMR and infrared spectroscopies, and 
selected structural and physical data are summarized 
in Table 1. Specifically, the IR spectra clearly show 
absorptions of the CEO stretch at 2052-2102 cm-l for 
lla-d and 14 and at 2111-2121 cm-' for 12a-c, 
highly characteristic of hexacoordinate Ir(II1) and Rh- 
(111) species, respectively. Moreover, the IR spectra 
show the CIC stretch between 2126 and 2174 cm-l and 
bands characteristic of the anionic triflate moiety at  
1263-1267 and 1031-1032 cm-l. The presence of the 
triflate counteranion is also confirmed by the charac- 
teristic 19F NMR resonances between -78 and -79 ppm. 
The existence of the mutually trans-phosphines is 
indicated in the 31P NMR spectra by the observance of 
a singlet between -10 and -12 ppm for complexes 
lla-d and 14 and the presence of a Rh-coupled doublet 
between 20 and 22 ppm (Jpm FZ 73 Hz) for 12a-c. 

Further structural proof was provided by the 13C 
NMR spectra. Particularly evident are resonances of 
the a- and /?-acetylene carbon atoms at 47-56 ppm (Jcp 
x 12 Hz) and 96-109 ppm (JCP FZ 2 Hz), respectively, 
for iridium complexes lla-d and 14. The resonances 
of the carbon monoxide ligands are observed as triplets 
at 152-155 ppm (Jcp FZ 6 Hz). The 13C NMR spectra 
of rhodium complexes 12a and 12c exhibit signals for 
the a-acetylene carbon atoms at  74-75 ppm with a 
carbon-rhodium coupling of 41-46 Hz and a carbon- 
phosphorus coupling of -14 Hz. The /?-acetylene carbon 
atoms resonate at 111-112 ppm with a carbon-rhodium 
coupling of -9 Hz and carbon-phosphorus coupling of 
-3 Hz. The carbon monoxide signals of 12a and 12c 
are observed at 177 ppm (Jcm = 58-59 Hz, JCP RZ 9 

be exp10ited.l~ This is accomplished by the use of bis- 
[phenyl(iodonium)l diyne triflate and tris[phenyl(iodo- 
nium)] triyne triflate salts in reactions with Vaska's 
complex truns-(Ph3P)21r(CO)(Cl), 9a, and its rhodium 
analogue 9b. These investigations have resulted in the 
development of a single step procedure for the high yield 
synthesis of bi- and trimetallic, o-acetylide complexes 
of iridium(II1) and rhodium(III), where the alkyne 
moieties are separated by a variety of conjugated (aryl) 
and nonconjugated (alkyl) tethers. 

Results and Discussion 

The addition of 9a to a stirred CHzClz or benzene 
solution of bislphenyl(iodonium)l triflate salt 8a at  
ambient temperature resulted in the precipitation of a 
light yellow solid that proved to be completely insoluble 
in any organic solvent or water (eq 1). The IR spectrum 

of this product displayed C W  and CEO absorptions at 
2143 and 2074 cm-', respectively. Furthermore, ab- 
sorptions characteristic of a covalently bonded triflate 
at 1201, 1095, and 995 cm-l were also observed. On 
the basis of this data, as well as previous results from 
this laboratory,16 the product is presumed to  be the 

(14)Au: Jia, G.; Payne, N. C.; Vittal, J. J.; Pudddephatt, R. J. 
Organometallics 1993, 12, 4771-4778. Jia, G.; Pudddephatt, R. J.; 
Scott, J. D.; Vittal, J. J. Organometallics 1993, 12, 3565-3574. Co: 
Khan, M. S.; Pasha, N. A.; Kakkar, A. K; Raithby, P. R.; Lewis, J.; 
Buhrmann, K.; Friend, R. H. J. Mater. Chem. 1992,2, 759-760. Fe: 
Field, L. D.; George, A. V.; Laschi, F.; Malouf, E. V.; Zamello, P. J .  
Organomet. Chem. 1992,435, 347-356. Johnson, B. F. G.; Kakkar, 
A. K.; Khan, M. S.; Lewis, J. J .  Organomet. Chem. 1991, 409, C12- 
C14. Mn: Davies, S. J.; Johnson, B. F. G.; Lewis, J.; Khan, M. S. J. 
Orgunomet. Chem. 1991, 401, C43-C45. Ni, Pd, Pt: Khan, M. S.; 
Davies, S. J.; Kakkar, A. K.; Schwartz, D.; Lin, B.; Johnson, B. F. G.; 
Lewis, J. J. Orgunomet. Chem. 1992, 424, 87-97. Takahashi, S.; 
Morimoto, H.; Murata, E.; Kataoka, S.; Sonogashira, K.; Hagihara, N. 
J .  Polym. Sci., Polym. Chem. Ed. 1982,20, 565-573. R h  Rappert, 
T.; Numberg, 0.; Werner, H. Orgammetullics 1993, 12, 1359-1364. 
Davies, S. J.; Johnson, B. F. G.; Khan, M. S.; Lewis, J. J. Chem. SOC., 
Chem. Commun. 1991,187-188. Fyfe, H. B.; Mlekuz, M.; Zargarian, 
D.; Taylor, N. J.; Marder, T. B. J. Chem. SOC., Chem. Commun. 1991, 
188-189. Ru: Atherton, Z.; Faulkner, C. W.; Ingham, S. L.; Kakkar, 
A. K.; Khan, M. S.; Lewis, J.; Nicholas, J. L.; Raithby, P. R. J .  
Organomet. Chem. 1993,462,265-270. Davies, S. J.; Johnson, B. F. 
G.; Lewis, J.; Raithby, P. R. J .  Organomet. Chem. 1991, 414, C51- 
c53. 

(15) Stang, P. J.; Crittell, C. M. Organometallics 1990, 9, 3191- 
3193. 

(16)Stang, P. J.; Tykwinski, R. R. J. Am. Chem. Soc. 1992, 114, 
411-4412, 
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Scheme 1 

Qa: M = I r  88: n = l ; R = H  

c: n = 2 ; R = H  
b: n = l ; R = C H 3  b: M=Rh 

118: n = 1; R H; M = Ir 
b: n = 1; R =CH3; M Ir 
c: n=2;R=H;M=l r  

12a: n = 1; R = H; M = Rh 
b: n = 1; R = CH3; M = Rh 
c: n=2;R=H;M=Rh 

8d 9a 

/,.ph 

13 

1 Id 

Table 1. Selected Physical and Structural Data for Iridium(II1) and Rhodium(III) a-Acetylide Complexes 

yield mP 13CCH) NMR (ppm) 31P{H} IR (cm-I) 

cmpd (%I (dec) CC) C W  c=o c=o @CII C l C I r  NMR (ppm) 
10 88 204-206 2143 2074 a a a b 
l l a  85 199-201 2156 2100 155 109 55 -9.9 
l l b  84 234-244 2139 2052 155 107 59 -11.7 
l l c  85 203-207 2151 2097 152 105 53 -11.0 
l l d  65 165-168 2124 2092 155 109 60 -11.7 
12a 73 105-106 2141 2121 177 111 75 19.7 ( J ~ h p  = 72 Hz) 
12b 88 145-146 2126 2111 a a a 22.1 ( J ~ h p  = 73 Hz) 
12c 90 107-108 2174 2119 177 112 74 19.7 ( J ~ h p  = 73 Hz) 
14 73 196-197 2156 2095 153 106 56 - 12.0 
16a 83 197-200 2097 2069 155 106 40 - 10.0 
16b 77 142-143 2096 2048 156 108 38 - 10.6 
18 96 164-167 2125 2100 155 110 69 -9.4 

L2 Insufficiently soluble for 13C NMR analysis. Insufficiently soluble for 31P NMR analysis. 

Hz). Complex 12b proved insufficiently soluble for 13C 
NMR analysis. 

The lH NMR analyses of lla-d, 12a-c, and 14 
provide information as to the lability of the acetonitrile 
ligands present in the iridium(II1) and rhodium(II1) 
complexes. The spectra of the iridium complexes lla-d 
and 14 clearly show singlets between 1.4 and 1.6 ppm 
integrating for 6 and 9 protons, respectively, for the 
acetonitrile ligands bonded to the iridium metal center. 
The consistent presence of this signal suggests the 
absence of exchange with the deuterated acetonitrile 
solvent. The lH NMR analyses of rhodium complexes 
12a-c, however, reveal signals expected of acetonitrile 
solvent molecules at 1.9 ppm. Furthermore, the aceto- 
nitrile signals are absent from the proton spectra of 

12a-c after removal of deuterated solvent in vacuo, 
resolvation in CD3CN, and subsequent NMR analysis. 
The 13C NMR spectra furnish additional support of an 
acetonitrile exchange, showing signals a t  6 120-122 
(CzN) and 6 3-4 (CH3) for the acetonitrile ligands of 
lla-d and 14. The analogous signals are absent in the 
13C NMR spectra of rhodium complexes 12a and 12c, 
where only the resonances of acetonitrile solvent at 118 
and 1.3 ppm are observed. 

This new methodology was also applied to the syn- 
thesis of bimetallic iridium complexes from bidphenyl- 
(iodonium)] triflates Ma and 16b, where the alkyne 
functionalities are linked by nonconjugated alkyl teth- 
ers. Addition of 9a to a CH3CN solution of the respec- 
tive iodonium salt at ambient temperature resulted in 
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Scheme 2 

1s: n = 2  
b: n = 5  

16s: n = 2  
b: n = 5  

OC, ,PPh, 25OC 
CH&N 2-0Tf + 

Ph3P“”CI 

17 

18 

a clear solution after approximately 5 min (Scheme 2). 
The addition of ether and hexanes effected precipitation 
of iridium complexes 16a and 16b, as stable white solids 
in 83% and 77% yields, respectively. Likewise, the 
reaction of the keto-functionalized bis[phenyl(iodonium)l 
triflate salt 17 with 9a resulted in a 96% yield of iridium 
complex 18. 

The IR, lH NMR, and 13C NMR spectral properties 
of complexes 16a,b and 18 are similar to those of the 
conjugated iridium analogues lla-d and 14. In the IR 
spectra, the C=C and CEO stretches are found between 
2096-2125 and 2048-2100 cm-l, respectively. In the 
13C NMR spectra, resonances of the CEO carbon atoms 
at 155 ppm (JCP m 6 Hz) and of ,4-acetylene carbon atoms 
at 106-100 ppm are comparable to complexes lla-d 
and 14. The signals observed for the a-acetylene 
carbons, however, are shifted upfield to 38-40 ppm for 
16a and 16b, and the signal is shifted downfield to 69 
ppm for 18 as a result of the significant electron 
withdrawing ability of the adjacent carbonyl. 

Conclusions 

The reactions of Vaska’s complex with bisiphenyl- 
(iodonium)] diyne triflate and tris[phenyl(iodonium)l 
triyne triflate salts have been utilized for the single- 
step synthesis of aryl and alkyl tethered, bi- and 
trimetallic, iridium(II1) and rhodium(II1) a-acetylide 
complexes. The complexes are formed under extremely 
mild conditions and are isolated in good to excellent 
yields as microcrystalline solids. Furthermore, the pure 
solids are quite thermally stable and are also stable to 
air and moisture, allowing for facile handling and 
storage. This new method complements existing oxida- 
tive addition methods and represents a reversal of 
traditional metal acetylide chemistry by employing the 
organometallic species as a nucleophile and the alkyn- 
yliodonium salt as the alkynylating agent. Further- 
more, the facile acetonitrile ligand exchange at the 
rhodium metal center of 12a-c presents the opportu- 
nity for possible further derivatization of these linear 
complexes, particularly via the use of bidentate ligands 
toward the formation of organometallic polymers. 

Experimental Section 
General Comments. All melting points were obtained on 

a Mel-Temp capillary melting point apparatus and are uncor- 
rected, IR spectra were recorded on a Mattson Polaris FTIR 
spectrometer, and NMR spectra were recorded on either a 
Varian Unity 300 or XL-300 spectrometer. The lH NMR 
spectra were recorded at 300 MHz, and chemical shifts were 
reported relative to CDCl3 6 7.24, CDzClz 6 5.32, dimethyl 
sulfoxide-& 6 2.49, or CD3CN 6 1.93. The I3C NMR spectra 
were recorded at  75 MHz, lH decoupled, and reported relative 
to  CDC13 6 77.0, CDzClz 6 53.8, dimethyl sulfoxide-ds 6 39.5, 
or CD3CN 6 1.30. The 19F NMR spectra were recorded at 282 
MHz, and chemical shifts were reported relative to external 
CFCl3 (sealed capillary) in the appropriate deuterated solvent. 
The 31P NMR spectra were recorded at 121 MHz, lH decoupled, 
and reported relative to external 85% (sealed capillary) 
in the respective deuterated solvent. Mass spectra were 
recorded on either a Finigan MAT 95 high resolution GC/mass 
spectrometer or a VG Micromass 7050E double focusing high 
resolution mass spectrometer under positive ion fast atom 
bombardment (FAB) conditions at 8 keV. Elemental analyses 
were performed by Atlantic Microlab, Inc., of Norcross, GA. 
Solvents were purified according to established procedures17 
or were high-purity HPLC grade solvents used as received. 
The syntheses of Vaska’s complex 9a,lS and its rhodium 
analogue 9b,19 and bis[phenyl(iodonium)] diyne triflates 8a, 
8c, and 15a-b,2O have been previously reported. 

General Procedure for Synthesis of Bis- and Tris- 
[phenyl(iodonium)l Triflates (8b, 8d, and 13). A solution 
of the appropriate bis- or tris(tributylstannyl)acety1enez1 (1 
mmol) in CHzClz (10 mL) was added to  a stirred suspension 
of PhI(CN)OW2 (2 mmol for 8b, 8 d  3 mmol for 13) in CHzClz 
(50 mL) at -78 “C under nitrogen. The mixture was allowed 
to warm to room temperature and stirred for 30 min. Hexanes 
were added to complete precipitation, and the solid was filtered 
under nitrogen, washed with dry hexanes (100 mL) and 
dried in vacuo. Analytically pure materials were obtained by 
recrystallization from a concentrated solution of the iodonium 
salt in CH&N by the addition of CHzClz and ether. 

Laboratory Chemicals; Pergamon Press: Oxford, U.K, 1966. 
(17) Perrin, D. D.; Armarego, W. L. F.; Pemn, D. W. Purification of 

(18) Vrieze, K; Collman, J. P.; Sears, C. T.; Kubota, M. Inorg. Synth. 

(19) Evans, J. A.; Osbom, J. A.; Wilkinson, G. Inorg. Synth. 1988, 
1968, 11, 101-104. 

11.99-101. 
(20) Stang, P. J.; Tykwinski, R. R.; Zhdankin, V. V. J. Org. Chem. 

(21) Tykwinaki, R. R. Ph.D. Thesis, University of Utah, June, 1994. 
1992,57, 1861-1864. 
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I F  and Rh" a-Acetylide Complexes 

l,rl-Bis[[phenyl[[ (trifluoromethyl~sulfonylloxyliodoni- 
umyl]ethynyl]-2,3,6,6-t.etramethylbe11zene (8b). Reaction 
of 1,4-Bis[(tributylst~nyl)ethynyll-2,3,5,6-tetramethylben- 
zenezl (1.37 g, 1.80 mmol) with PhI(CN)OW2 (1.36 g, 3.60 
m o l )  in 30 mL of CH2Cl2 gave 1.25 g (78%) of 8b as a yellow 
microcrystalline solid, mp 116-121 "C dec: IR (CC4) 3068, 
2927, 2157 (CsC), 1211, 1161,1021 cm-'; IH NMR (DMSO- 

7.31 (t, J = 7.5 Hz, 4H), 2.01 (8, 12H); 13C NMR (DMSO+!$ 

45.3 (CsCI), 17.5; FAB HRMS mlz 736.931606 [M - CF3S03-]+, 
calcd for C27HzzF31203S 736.932880. 

l,%Bis[ [phenyl[[(~uo~me~l)trinuoromethyl>sulfonyll)iodoni~ll- 
ethynyllbenzene (8d). Reaction of 1,2-bis[(tributylstannyl)- 
ethynyllben~ene~~ (0.42 g, 0.60 mmol) with PhI(CN)OP2 (0.46 
g, 1.2 mmol) gave 0.36 g (72%) of 8d as a tan crystalline solid, 
mp 144-145 "C dec: IR (cc14) 3107,3057,2176 (CEC), 1218, 
1164,1023 cm-l; IH NMR (CD3CN) 6 8.19 (d, J = 7.8 Hz, 4H), 
7.77 (t, J = 7.5 Hz, 2H), 7.63 (t, J = 7.9 Hz, 4H), 7.59-7.54 
(m, 4H); '9F NMR (CD3CN) 6 -79.08; 13C NMR (CD3CN) 6 
135.9, 134.8, 134.3, 133.8, 132.7, 124.2, 121.5 (9, JCF = 320 

mlz 680.870433 [M - CFsS03-1+, calcd for C23Hd303SI2, 
680.870280. Anal. Calcd for C2&4FsO6Sz12: c ,  34.72; H, 
1.70. Found: C, 34.69; H, 1.74. 

l,S,S-Tris[ [phenyl[ [ (trifluoromethyl)sulfonyll)oxylio- 
doniumyl]ethynyl]benzene (13). Reaction of 1,3,5-tris- 
[(tributylstannyl)ethynyllbenzeneZ1 (1.40 g, 1.38 mmol) with 
PhI(CN)OW2 (1.57 g, 4.14 mmol) in 20 mL of CH2C12, yielded 
1.30 g (78%) of 13 as a yellow microcrystalline solid, mp 116- 
121 "C dec: IR (CC14) 3064, 2175, 1217,1165,1020 cm-'; 'H 

ddCDCl3) 6 7.89 (d, J = 7.8 Hz, 4H), 7.44 (t, J = 7.0 Hz, 2H), 

CDC13) 6 137.4,133.6,132.0,131.7,122.1,118.1,102.9 ( C e I ) ,  

Hz, CF3S03-), 118.0, 103.8 (CeCI), 38.4 (CSCI); FAB HRMS 

NMR (CD3CN) 6 8.20 (d, J = 7.6 Hz, 6H), 7.75 (t, J = 7.0 Hz, 
3H), 7.73 (9, 3H), 7.60 (t, J = 7.5 Hz, 6H); 13C NMR (CD3CN) 
6 139.8, 136.1, 134.3, 133.7, 122.4, 121.5 (9, JCF = 320 Hz, 
CF3S03-), 117.9,103.1 (CECI), 37.0 (CeCI); FAB MS mlz 1057 
[M - CF&303-1+. 

Bis[phenyl(iodonium)] Diyne Triflate (17). The reac- 
tion of 1 ,3-bis[[(tributylstannyl)ethynyllcarb0nylladamantane~~ 
(2.7 g, 3.3 "01) with PhI(CN)OTP2 (2.5 g, 6.6 mmol) in 30 
mL of CH2Cl2 at -78 "C was warmed to  0 "C and stirred for 
30 min. The addition of ether (10 mL) and hexanes (50 mL) 
gave a white solid which was filtered at -78 "C under nitrogen 
and immediately purified by recrystallization from CHzClz by 
the addition of hexanes. Drying in vacuo gave 1.80 g (58%) of 
17 as a light yellow solid, mp 126-128 "C: IR (neat) 3063, 
2922, 2162 (CsC), 1668 (C=O), 1273, 1173, 1016 cm-'; 'H 

2H), 7.42 (t, J = 7.8 Hz, 4H), 2.18 (bs, 2H), 2.09 (bs, 2H), 1.96 
(m, 4H), 1.60 (m, 6H); 13C NMR (CDC13) 6 189.1, 135.4, 132.7, 

47.5, 41.0, 36.8, 37.7, 35.2, 27.4. Anal. Calcd for CsoHd612- 

6.85. 

(CI)(CO)(OSO2CFs) (10). Vaska's complex 9a (61 mg, 0.078 
mmol) was added to a stirred CHzClz (5-mL) solution of bis- 
(iodonium) salt 8a (32 mg, 0.039 mmol) at ambient tempera- 
ture and stirred for 10 min. The resulting precipitate was 
filtered out and washed with ether, giving 68 mg (88%) of 10 
as a light yellow microcrystalline solid, mp 204-206 "C dec: 
IR (CC14) 3066,2143,2074,1312,1201,1095,995 cm-l. Anal. 

Found: C, 52.05; H, 3.35; S, 3.13. 
General Procedure for the Formation of a-Acetylide 

Complexes l la -d ,  12a-c, 16a,b, and 18. Vaska's complex 
9a (2 equiv), or the rhodium analogue 9b (2 equiv), was added 
to  a stirred suspensiordsolution of the respective bis[phenyl- 
(iodonium)] diyne triflate (1 equiv) in ca. 5 mL of acetonitrile 
at ambient temperature and allowed to stir for 30 min. 

NMR (CDC13) 6 8.15 (d, J = 7.9 Hz, 4H), 7.63 (t, J = 7.4 Hz, 

132.0, 119.6 (9, JCF = 319.9 Hz, CF3S03-), 116.5,99.4 (CSCl'), 

O&: C, 38.15; H 2.56; S, 6.79. Found: C, 38.17; H, 2.57; S, 

( F s C 0 2 S O ~ ~ C O ~ ~ C I ~ ( P 4 p P ~ a I r C ~ ~ - C s H 4 ~ C s C M P P h s ~ t  

Calcd for Cs6H64Cl2FsOsP4SzIrz: c, 52.06; H, 3.27; s, 3.23. 
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Addition of diethyl ether (10-15 mL) and hexanes (10-15 mL) 
completed precipitation, and the solids were filtered out under 
nitrogen. Analytically pure material was obtained by recrys- 
tallization from a saturated acetonitrile solution by the addi- 
tion of ether. 

( H S C C N ) ( C O ) ( C ~ ) ( P ~ S ~ ) ~ I ~ ~ ~ C @ - C ~ I ~ ) C ~ C I ~ ( P P ~ ~ ) Z -  
(Cl)(CO)(NCCHs)-20SOgCFs (lla). Reaction of Vaska's 
complex 9a (26 mg, 0.033 mmol) with bis(iodonium) salt 8a 
(55 mg, 0.066 mmol) gave 58 mg (85%) of l l a  as a light yellow 
microcrystalline solid, mp 199-201 "C dec: IR (CC4) 3058, 
2156,2100,1264,1032 cm-'; lH NMR (CDsCN) 6 8.0-7.9 (m, 
24H), 7.50-7.62 (m, 36H), 6.82 (s,4H), 1.66 (s,6H); 19F NMR 
(CD3CN) 6 -79.08; I3C NMR (CDsCN) 6 155.1 (t, Jpc = 6.0 
Hz, CiO),  135.5 (t, Jpc = 5.1 Hz), 133.3,131.9,129.8 (t, Jpc = 
5.3 Hz), 128.1 (t, Jpc = 30 Hz), 125.3, 121.6 (NCCHs), 108.9 
(t, Jpc = 2 Hz, CECIr), 55.3 (t, Jpc = 11.5 Hz, CICIr), 3.8 
(NCCHs); 31P NMR (CDsCN) 6 - 9.85; FAB MS mlz 1916 [M 
- CFsS03-]+. Anal. Calcd for C90H70Cl2FsOsN2P4S2Ir2: C, 
52.35; H, 3.42; S, 3.11. Found: C, 52.46; H, 3.42; S, 3.21. 

(Cl)(CO)(NCC&).20SO&Fs (llb). Reaction of Vaska's 
complex 9a (50 mg, 0.064 mmol) with bis(iodonium) salt 8b 
(28 mg, 0.032 mmol) gave 56 mg (84%) of l l b  as a light yellow 
microcrystalline solid, mp 234-244 "C dec: IR (CC4) 3059, 
2139, 2052, 1271, 1033 cm-'; 'H NMR (DMSO-ddCD3CN) 6 
7.9-7.8 (m, 24H), 7.65-7.40 (m, 36H), 2.19 (s,12H, Ar-CH31, 

( H ~ C C N ) ( C O ) ( C ~ ) ( P $ P ) ~ I ~ C ~ ( ~ - M ~ ~ C ~ ) ~ ~ I ~ ( ~ ~ ~ ~ ) Z -  

1.68 (8 ,  6H, CHsCN); "F NMR (DMSO-ddCD3CN) 6 -77.74; 
13C NMR (DMSO-ddCD3CN) 6 154.5 (t, Jpc = 6.2 Hz, CEO), 
135.9, 135.1 (t, Jpc = 2.1 Hz), 133.1, 129.6 (t, Jpc = 5.3 Hz), 
127.8 (t, Jpc = 30 Hz), 124.5, 121.8 (NCCHJ, 121.7 (4, JCF = 
321.5 Hz, CF3S03-), 107.1 (t, Jpc = 2.1 Hz, CECIr), 59.0 (t, 
Jpc = 12.1 Hz, CECIr), 19.5 ( A r - C H 3 ) ,  3.6 (NCCH3); 31P NMR 
(DMSO-ddCD3CN) 6 - 11.65. Anal. Calcd for C94H78- 
Cl2F6OsN2P4S2Ir2.2Hz0: C, 52.34; H, 3.83; S, 2.97. Found: C, 
52.23; H, 3.76; S, 3.02. 

(Cl)(CO)(NCC&).2OSO&Fa (114. Reaction of Vaska's 
complex 9a (78 mg, 0.10 mmol) with bis(iodonium) salt 8c (45 
mg, 0.050 mmol) gave 91 mg (85%) of l l c  as a light yellow 
microcrystalline solid, mp 203-207 "C dec: IR (CCL) 3063, 
2151, 2097, 1262, 1031 cm-l; 'H NMR (DMSO-ddCDC13) 6 
8.05-7.9 (m, 24H), 7.65-7.50 (m, 36H), 7.44 (d, J = 8.2 Hz, 

(HaccN)~co~~c1~~hSp~sIrc~(p-ceI4~2c..cIr~PPhs~2- 

4H), 6.92 (d, J = 8.2 Hz, 4H), 1.85 ( 8 ,  6H); 19F NMR (DMSO- 
ddCDC4) 6 -78.66; 13C NMR (DMSO-ddCDCl3) 6 151.9 (t, Jpc 
= 6.1 Hz, CEO), 136.3, 132.2 (t, Jpc = 5.2 Hz), 130.3, 129.5, 
126.9 (t, Jpc = 5.3 Hz), 124.9 (t, Jpc = 30 Hz), 124.4, 122.5, 
118.81 (9, JCF = 320 Hz, CF~SOS-), 118.80 (NCCH3), 105.1 
(CSCIr), 52.9 (t, Jpc = 12.4 Hz, CECIr), 1.04 (NCCH3); 31P 
NMR (DMSO-ddCDCl3) 6 -11.02. Anal. Calcd for C96H74- 
Cl2FsOsN2P4S2Ir2.2H2O: C, 52.96; H, 3.61; S, 2.95. Found: C, 
52.80; H, 3.54; S, 2.91. 

(Cl)(CO)(NCC&).2OSO&Fs (lld). Reaction of Vaska's 
complex 9a (56 mg, 0.072 mmol) with bis(iodonium) salt 8d 
(30 mg, 0.036 mmol) gave 48 mg (65%) of l l d  as a light yellow 
microcrystalline solid, which is slightly unstable in solution, 
mp 165-168 "C dec: IR (CC14) 3063, 2124, 2092, 1264, 1031 
cm-'; IH NMR (CD3CN) 6 7.9-7.8 (m, 24H), 7.40-7.30 (m, 
36H), 7.06 (m, 2H), 6.95 (m, 2H), 1.64 (9, 6H); 19F NMR (CD3- 

~&CCN)(CO)(Cl) ~PhSp~aIrc~c~o-csH4~c~cIr~PPhs~z- 

CN) 6 -78.82; 13C NMR (CD3CN) 6 155.4 (t, Jpc = 6.4 Hz, 
CsO), 136.7, 135.4 (t, Jpc = 5.3 Hz), 133.2, 129.8 (t, Jpc  = 5.3 
Hz), 127.7 (t, Jpc = 30 Hz), 127.5,125.9,122.3 (NCCHd, 122.1 
(q, JCF = 320 Hz, CF3S03-), 109.2 (t, Jpc = 2 Hz, CICIr), 60.4 
(t, Jpc = 11.2 Hz, CECIr), 3.5 (NCCH3); 31P NMR (CD3CN) 6 
-11.70; FAB MS mlz  1916.0 [M - CF3S03-lC. Anal. Calcd 
for C90H70C12F60~2P4SzIr2.2H~O: C, 51.45; H, 3.55. Found: 
C, 51.16; H, 3.45. 

(Cl)(CO)(NCC&).20SO&Fs (12a). Reaction of 9b (58 mg, 
0.084 mmol) with bis(iodonium) salt 8a (35 mg, 0.042 mmol) 
gave 58 mg (73%) of 12a as a bright yellow microcrystalline 
solid, mp 105-106 "C dec: IR (CC4) 3054,2141,2121,1265, 

( H a c c N ) ~ c o ~ ~ c l ~ ~ 4 p P ~ ~ c ~ ( p - c ~ ~ c ~ ~ ( P P h s ~ t  

(22)Zhdankin, V. V.; Crittell, C. M.; Stang, P. J.; Zefirov, N. S. 
Tetrahedron Lett. 1990,31, 4821-4824. 
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1031 cm-l; 'H NMR (CDsCN) 6 8.0-7.95 (m, 24H), 7.63-7.60 
(m, 12H), 7.58-7.49 (m, 24H), 6.78 (8 ,  4H), 1.95 (8 ,  6H, 
NCCH3); l9F NMR (CD3CN) 6 -78.87; 13C NMR (CDsCN) 6 
176.6 (dt, 'Jmc = 58.8 Hz, 2Jpc = 8.6 Hz, CZO), 135.4 (t, Jpc 
= 5.3 Hz), 132.3, 131.6, 129.8 (t, Jpc = 5.3 Hz), 129.4 (t, Jpc = 
24.9 Hz), 110.9 (dt, 2JRhc = 8.5 Hz, 'Jpc = 3.2 Hz, CSCIr), 
75.2 (dt, lJmc = 40.6 Hz, 2 J p ~  = 14.0 Hz, CECIr); 31P NMR 
(CD3CN) 6 19.72 (d, J~hp = 72.3 Hz). Anal. Calcd for CWH70- 

C, 56.30; H, 3.71; S, 3.37. 
(H3CCN)(CO)(Cl)(PhsP)2)RhC=C@-MerCe)C=CRh(P- 

Ph&(Cl)(CO)(NCCH&2OS02CF3 (12b). Reaction of 9b (69 
mg, 0.10 "01) with bis(iodonium) salt 8b (44 mg, 0.050 "01) 
gave 85 mg (88%) of 12b as bright yellow microcrystalline 
solid, mp 145-146 "C dec: IR (CC4) 3065,3033,2126,2111, 
1259,1031 cm-l; 'H NMR (CD3CN) 6 8.0-7.9 (m, 24H), 7.60- 
7.55 (m, 12H), 7.50-7.45 (m, 24H), 2.10 (s,12H, Arc&), 1.95 

CN) 6 22.14 (d, J ~ h p  = 73.2 Hz). Anal. Calcd for C94H78- 

58.06; H, 4.10; S, 3.22. 
( H s C C N ) ~ C O ~ ~ C 1 ~ ~ P h s P ~ ~ c ~ @ - c ~ ~ ~ ~ ~ ~ ~  

(Cl)(CO)(NCC&).20SO2CF&Fs (12~). Reaction of Sb (31 
mg, 0.044 mmol) with bis(iodonium) salt 8c (20 mg, 0.022 
mmol) gave 39 mg (90%) of 12c as a bright yellow microcrys- 
talline solid, mp 107-108 "C dec: IR (CC4) 3061,3033,2174, 
2119, 1266, 1031 cm-l; lH NMR (CD3CN) 6 8.02-7.00 (m, 
24H), 7.55-7.50 (m, 36H), 7.44 (d, J = 8.3 Hz, 4H), 7.02 (d, J 

Cl2F60sN2P4S2Rh2.2H20: C, 56.23; H, 3.88; S, 3.34. Found: 

( s , ~ H ,  NCCH,); 19F NMR (CD3CN) 6 -78.89; 31P NMR (CD3- 

ClzF6OsNzP&Rhz: C, 58.30; H, 4.05; S, 3.30. Found: C, 

= 8.3 Hz, 4H), 1.95 (8, 6H, NCCH3); 19F NMR (CD3CN) 6 
-78.89, I3C NMR (CD3CN) 6 176.6 (dt, 'Jmc = 57.7 Hz, 2Jpc 
= 8.5 Hz, CEO), 139.9, 135.5 (t, Jpc = 5.3 Hz), 133.3, 132.3, 
129.8 (t, Jpc = 5.3 Hz), 129.5 (t, Jpc = 27.8 Hz), 127.6, 125.5, 
111.8 (dt, 2 J m ~  = 8.5 Hz, 3 J ~  = 3.2 Hz, CWIr),  73.8 (dt, lJmc 
= 45.5 Hz, Vpc = 14.5 Hz, CECIr); 31P NMR (CD3CN) 6 19.70 
(d, J ~ h p  = 73.3 Hz). Anal. Calcd for C~H74Cl2FeOsN2P4S2- 
Rh2.2H20: C, 57.70; H, 3.93; S, 3.21. Found: C, 57.81; H, 3.77; 
S, 3.20. 
(&CCN)(CO)(Cl)(PhsP)zIrC=CCHzCHaC'CIr(PPhs)2- 

(Cl)(CO)(NCC&).20SO&F3 (Ma). Reaction of Vaska's 
complex 9a (79 mg, 0.10 mmol) with bis(iodonium) salt 1Sa 
(39 mg, 0.050 mmol) gave 83 mg (83%) of 16a as a white 
microcrystalline solid, mp 197-200 "C dec: IR (CC4) 3061, 
2097, 2069, 1262, 1031 cm-'; IH NMR (DMSO-ddCDC13) 6 
7.9-7.8 (m, 24H), 7.65-7.50 (m, 36H), 2.12 (s, 4H), 1.72 (8 ,  

6H); "F NMR (DMSO-d$CDC13) 6 -78.66; 13C NMR (DMSO- 
ddCDCl3) 6 155.1 (t, Jpc = 6.4 Hz, CEO), 135.2 (t, Jpc = 5.2 
Hz), 131.3, 129.6 (t, Jpc = 5.3 Hz), 128.4 (t, Jpc = 29.9 Hz), 
122.1 (9, Jpc = 320 Hz, CF3S03-), 121.1 (NCCHa), 106.2 (t, 
Jpc = 3.2 Hz, CECIr), 40.1 (CeCIr), 22.4, 3.5 (NCCH3); 31P 
NMR (DMSO-d$CDCl3) 6 -9.97. Anal. Calcd for C8a.IO- 
ClzFsO&P&Ir2: C, 51.22; H, 3.50; S, 3.18. Found: C, 50.96; 
H, 3.46; S, 3.18. 
(HsCCN)(CO)(Cl)(PhsP)aIrC~(CH~~~~PPhs)8(Cl)- 

(CO)(NCCH&20SOaCFs (16b). Reaction of Vaska's complex 

Tykwinski and Stang 

9a (39 mg, 0.050 "01) with bidiodonium) salt 16b (21 mg, 
0.025 mmol) gave 44 mg (77%) of 16b as a white microcrys- 
talline solid, mp 141-142 "C dec: IR (Cc4) 3057,2096,2048, 
1263, 1150, 1031 cm-'; IH NMR (CD3CN) 6 7.98-7.91 (m, 
24H), 7.53-7.45 (m, 36H), 2.18 (m, 4H), 1.57 (s,6H), 1.14 (m, 
4H), 1.07 (m, 2H); l9F NMR (CD3CN) 6 -78.89; 13C NMR (CD3- 
CN) 6 155.5 (t, Jpc = 6.2 Hz, CEO), 135.3 (t, JPC = 5.3 Hz), 
133.2, 129.7 (t, Jpc = 5.6 Hz), 128.3 (t, Jpc = 29.9 Hz), 122.2 
(q, JCF = 321.0 Hz, CFsSOs-), 121.0 (NCCHs), 108.1 (CECIr), 
37.5 (t, J ~ c  = 12.3 Hz, CiCIr), 29.6,29.0,21.3,3.50 (NCCH3); 
3lP NMR (CDsCN) 6 -10.57. Anal. Calcd for C89H76- 
C12FsOfl2P4S2Ir2: C, 51.92; H, 3.72; S, 3.11. Found: C, 51.69; 
H, 3.71; S, 3.06. 

Bis(iridium) Complex 18. Reaction of Vaska's complex 
Sa (39 mg, 0.050 mmol) with bis(iodonium) salt 17 (25 mg, 
0.025 mmol) gave 52 mg (96%) of 18 as a white microcrystal- 
line solid, mp 164-167 "C dec: IR (CC4) 3060, 2125, 2100, 
1647 (C-0), 1224,1154,1033 cm-'; 'H NMR (CDsCN) 6 7.93- 
7.86 (m, 24H), 7.458-7.48 (m, 36H), 1.88 (s,2H), 1.66 (8, 6H), 
1.47 (m, 2H), 1.43 (bs, 6H), 1.28 (bs, 2H), 1.24 (bs, 2H); "F 
NMR (CD3CN) 6 -78.82; 13C NMR (CD3CN) 6 191.9 (C=O), 
155.1 (t, Jpc = 6.4 Hz, CEO), 135.8 (t, Jpc = 5.3 Hz), 134.1, 
130.1 (t, Jpc  = 5.7 Hz), 128.2 (t, Jpc = 29.9 Hz), 123.0 (NCCHs), 
122.8 (4, JCF = 321.5 Hz, CF3S03-), 110.3 (C=CIr), 68.6 (t, 
Jpc = 12.2 Hz, CZCIr), 47.4, 39.3, 38.5, 36.3, 29.0, 4.40 
(NCCHs); 31P NMR (CD3CN) 6 -9.42. Anal. Calcd for C96H80- 
ClJ?601&P~SzIr2: C, 52.92; H, 3.70; S, 2.94. Found: C, 52.82; 
H, 3.66; S, 3.03. 

Tris(iridium) Complex 14. Reaction of Vaska's complex 
9a (68 mg, 0.087 mmol) with tris(iodonium) salt 13 (35 mg, 
0.029 "01) in ca. 5 mL of acetonitrile at ambient temperature 
for 10 min resulted in a clear yellow solution. Addition of ether 
(10 mL) and hexanes (15 mL), followed by filtration gave 79 
mg (73%) of 14 as a light yellow microcrystalline solid, mp 
196-197 "C dec: IR (CC4) 3058,2156,2095,1263,1031 cm-'; 
'H NMR (CDJCN) 6 8.0-7.93 (m, 36H), 7.35-7.30 (m, 54H), 
6.57 (s,3H), 1.63 ( s ,~H) ;  "F NMR (CDsCN) 6 -78.50; 13C NMR 
(CDsCN) 6 152.9 (t, Jpc = 6.4 Hz, CEO), 134.2 (t, JPC = 5.2 
Hz), 133.4, 131.9, 127.3 (t, Jpc = 5.3 Hz), 126.8 (t, Jpc = 30 
Hz), 125.6,120.6, (9, JCF 320 Hz, CF~SOJ-), 120.1 (NCCHa), 
106.3 (t, Jpc = 2 Hz, CrCIr), 55.7 (t, Jpc = 11.7 Hz, CrCIr), 
3.01 (NCCH3); 31P NMR (CD3CN) 6 -11.95. 
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Supplementary Material Available: lH and 13C NMR 
spectra for compounds 8b, 13, and 14 (6 pages). Ordering 
information is given an any current masthead page. 
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