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Summary: The new ligands 4-CNC&CCH ( la)  and 
3-Me-4-CNCa3CCH (Zb), which contain I-isocyano- 
1 -ethynylbenzene units designed to act as bridging 
ligands in rigid-rod, conjugated organometallic polymers, 
have been prepared. They react with [AuCl(SMe2)] and 
with [(AuCC-t-Bu)J to give the corresponding isocy- 
anide complexes [ClAuC!=N-Ar-C=CH] (2) and 
[ t - B u ~ C A u C = - " A r - C = C H ]  (6) (Ar = C a d ,  Me- 
C&), respectively. The structures of 28 and 5b have 
been determined by single-crystal X-ray diffraction 
studies. Complexes 5, when heated in benzene solution, 
eliminate t-BuCCH to give the rigid-rod, conjugated 
oligomers [ t - B u ~ C ( A u C = N - A r - C ~ C ) , H ]  (68, Ar 
= C&; 6b, R = MeCa3) .  

There has been great interest in the synthesis and 
properties of linear-chain metal-containing polymers, with 
extended backbone conjugation through dr-pa hybrid- 
ization leading toward potential applications as advanced 
materials.' In particular, polymeric species of the type 
[MLn(-C=L-R-Cw-)], (ML, = d6 to de metal 
fragments; R = aromatic rings, disilanes, disiloxanes) are 
attracting increasing attention because of their electrical 
conducting, nonlinear optical, and liquid crystalline 

One- and two-dimensional polymers with 
diisocyanoarenes linking metal centers have been syn- 
thesized,819 and it is interesting to note that polymers of 
the type [PcM(CN-Ar-NC)], (Pc = phthalocyanine, 
M = Fe, Ru) display semiconducting pr~perties.l*~ Where- 
as the diacetylides and diisocyanides are ideal ligands for 

(1) See for example: (a) Hirsch, A.; Hanack, M. In Conjugated 
Polymeric Materials: Opportunities in Electronics, Optoelectronics and 
Molecular Electronics; Bredas, J. L., Chance, R. R., Eds.; Kluwer: New 
York, 1990, p 163. (b) Hanack, M.; Datz, A.; Fay, R.; Fisher, K.; Kepeler, 
U.; Koch, J. In Handbook of Conducting Polymers; Skotheim, T. A., Ed.; 
Marcel Dekker: New York, 1986; p 117. (c) Schultz, H.; Lehmann, H.; 
Rein, M.; Hanack, M. Struct. Bonding 1991, 74,41. 

(2) Porter, P. L.; Guha, S.; Kang, K.; Frazier, C. C. Polymer 1991,32, 
1756 and references therein. 

(3) (a) Kotani, S.; Shiina, K.; Sonogashira, K. Appl. Organomet. Chem. 
1991,5,417. (b) Hagihara, N.;Sonogashira,K.;Takahashi,S. Adu. Polym. 
Sei. 1980, 41, 149. 

(4) (a) Johnson, B. F. G.; Kakkar, A. K.; Khan, M. S.; Lewis, J. J. 
Organomet. Chem. 1991,409, C12. (b) Davies, S. J.; Johnson, B. F. G.; 
Khan, M. S.; Lewis, J. J. Organomet. Chem. 1991,401, C43. 

(5) (a) Davies, S. J.; Johnson, B. F. G.; Khan, M. S.; Lewis, J. J. Chem. 
SOC., Chem. Commun. 1991,187. (b) 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. (c) Johnson, B. F. G.; Kakkar, A. K.; Khan, M. S.; 
Lewis, J.; Dray, A. E.; Wittman, F.; Friend, R. H. J. Mater. Chem. 1991, 
1,485. 

(6) (a) Fyfe, H. B.; Mlekuz, M.; Zargarian, D.; Taylor, N. J.; Marder, 
T. B. J. Chem. SOC., Chem. Commun. 1991,188. (b) Lewis, J.; Khan, M. 
S.; Kakkar, A. K.; Johnson, B. F. G.; Marder, T. B.; Fyfe, H. B.; Wittman, 
F.; Friend, R. H.; Dray, A. E. J. Organomet. Chem. 1992, 425, 165. 

(7) Nalwa, H. S. Appl. Organomet. Chem. 1991,5, 377. 
(8) (a) Feinstein-Jaffe, I.; Barash, C. Inorg. Chim. Acta 1991,185 and 

references therein. (b) Feinstein-Jaffe, I.; Brain, I.; Mahalu, D.; Cohen, 
S.;Lawrence,S. A. Inorg. Chim. Acta 1988,154,128andreferenceetherein. 
(c) Feimtein-Jaffe, I.; Frolow, F.; Wacherle, L.; Goldman, A.; Efraty, A. 
J. Chem. SOC., Dalton Tram. 1988, 469 and references therein. 

(9) (a) Keppler, U.; Hanack, M. Chem. Ber. 1986,119,3363. (b) Deger, 
S.; Hanack, M. Synth. Met. 1986,13,319. (c) Keppler, U.; Schneider, 0.; 
Stoffler, W.; Hanack, M. Tetrahedron Lett. 1984,25,3679. 
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polymeric linking of MLn2+ and MLnO fragments, respec- 
tively, related ligands with one u and one coordinate bond 
to the metal centers in the backbone of polymers, suitable 
for polymeric linking of ML,+ fragments, have not received 
much attention. There are examples in polymers with 
well-known ligands such as CN- and SCN- bridging metal 
centers,lCJ0 but there appear to be no such polymers with 
designed organometallic ligands. In this context, we wish 
to report a synthetic route to new linear ethynylaryl 
isocyanide ligands" and their use in the synthesis of gold- 
(I) oligomers, (Au-C=N-Ar-C=C-),, with extended 
backbone conjugation through d?r-p?r hybridization. Gold- 
(I) was chosen as the metal center because it tends to form 
simple two-coordinated linear c ~ m p l e x e s . ~ ~ - ~ ~  

The route for synthesis of ethynylaryl isocyanide8 is 
shown in Scheme I. The (aminoary1)alkynols were pro- 
duced by condensation of aminoaryl iodide with 2- 
methylbut-3-yn-2-01 as the protected acetylene in diethyl- 
amine in the presence of CUI and [PdCl2(PPh&& The 
protecting group was then removed as acetone by treat- 
ment with KOH in refluxing toluene.ls The isocyanidea 
were prepared by the phase-transfer Hofmann carbylamine 
reaction16 and could be easily purified by sublimation.17 
They are colorless solids which become light yellow on 
storage at room temperaturele but which are stable if stored 
at  0 "C. The new compounds are readily characterized by 
their spectroscopic data.lg 

(10) (a) Schneider, 0.; Hanack, M. 2. Naturforsch. 1984,398,265. (b) 
Datz, A.; Metz, J.; Schneider, 0.; Hanack, M. Synth. Met. 1984,9,31. (c) 
Hedtmann-Rein, C.; Hanack, M.; Peters, K.; Peters, E. M.; Schnering, H. 
G. Inorg. Chem. 1987,26, 2647. 

(11) Ethynyl isocyanide, HC----C-N=C, has recently been prepared 
and has also been identified in interstellar space: Kruger, M.; Dreizler, 
H.; Preugschat, D.; Lenz, D. Angew. Chem., Int. Ed. Engl. 1991,30,1644. 

(12) (a) Puddephatt, R. J. In Comprehensive Organometallic Chem- 
istry; Wilkinaon, G., Stone,F. G. A., Abe1,E. W.,Eds.;Pergamon: Oxford, 
England, 1982; Vol. 2, p 756. (b) Anderson,G. K. Adu. Organomet. Chem. 
1982,20,39. (c) Puddephatt, R. J. In The Chemistry of Cold; Elsevier: 
Amsterdam, 1978. 

(13) (a) Corfield, P. W. R.; Shearer, H. M. M. Acta Crystallogr. 1967, 
23,156. (b) Bruce, M. I.; Horn, E.; Matisons, J. G.; Snow, M. R. Aust. 
J. Chem. 1984,37,1163. 

(14) Carriedo, G. A.; Riera, V., Solans, X.; Solane, J. Acta Crystallogr. 
1988, C44,978. 

(15) Ames, D. E.; Bull, D.; Takundwa, C. Synthesis 1981,364. 
(16) Goke1,G. W.; Widera,R. P.; Weber, W. P.;South-Bachiller,F.A.; 

Masamune,S.; Talkowski,C. J.; Sheppard, W. A. 0rg.Synth. 1976,56,96. 
(17) Attempta to prepare the corresponding formamidee from the 

reaction of NH2-Ar-C=CH with HC02H or HCOzEt failed since the 
reaction produced a complicated mixture. Synthesie of the ieocyanides 
by dehydration methods is therefore not feasible: Hoffmann, P. T.; Gokel, 
G.; Marquerding, D.; Ugi, I. In Isonitrile Chemistry; Ugi, I., Ed.; Academic 
Press: New York, 1971. 

(18) Millich, F. Chem. Reu. 1972, 72, 101. 
(19) Spectroscopic data are as follows. la: NMR in CDCla b('H) = 

3.18 [e, lH,  C=CHl, 7.31 [d, J = 8.6 Hz, 2H, Ph], 7.49 [d, J = 8.6 He, 
2H, Ph], = 80.0,81.8 [ h C ] ,  123.5 [ C - C = C l ,  126.4 [HCCCIC], 
130.5 [br, w, C-NC], 133.1 [HCCNCI, 166.0 [ N e ] ;  IR (Nujol) 2120 
[s, u(N=C)I, 3305 [m, u(CC-H)] cm-l. Anal. Calcd for C.&N C, 86.0; 
H. 4.0. Found C, 84.6; H, 4.3. l b  NMR in CDC13 6('H) = 2.39 [a, 3H, 
Me],3.15 [a, lH,  C=CH],7.24-7.39 [m,3H,Ph];b(W) = 18.4,79.4,82.1, 
123.2, 126.4, 130.3, 134.0, 135.0, 167.5 [note: C-NC rwnance not 
resolved]; IR (Nujol) 2114 [m, u(N=C)I, 3235 [m, v(cIc-H)I cm-I. 
Anal. Calcd for CI&N C, 85.08; H, 5.00. Found C, 84.7; H, 6.2. 
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Scheme 1. 
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C S N  0 CECH 6 
I a , R = H  
b ,R=Me 

Reagents: (i) EtZNH, -[EtzNH2lI; C U I / [ P ~ C ~ ~ ( P P ~ ~ ) ~ I  cat- 
alyst; (ii) KOH, -Me&O; (iii) KOH/CHC13, [Et3NCH2PhlC1 
phase-transfer catalyst. 

Figure 1. View of the structure of [ClAuCNCsH&CHl (28). 
Parameters are as follows: Au-Cl = 2.254(3), Au-C(l) = 1.92- 

N(l)-C(l) = 179.6(9)”. 
Alkynylgold phosphine complexes [Au(CWR’) (PR3)I 

can be prepared by the reaction of [AuCUPRdI with 
R’CWH in the presence of a base such as sodium 
alkoxide. 13b820 By analogy, the chlorogold(1) derivatives 2 
were prepared (eq 1, Figure 1J21 and attempts were made 

(1) A; C(I)-Au-Cl= 178.6(4), N(l)-C(l)-Au = 178(1), C(2)- 

R 
-Me$ 

CGCH + Me2SAuCI - 
l a , R = H  
b ,R=Me 

ClAu - C E  N -&SCH (1)  

2a, R = H 
b ,R=Me 

to convert them to polymers by elimination of HC1 on 
reaction with bases. However, strong bases such as 
NaOMe, n-BuLi, MeLi, LiN(CHMe&, and Na caused 
decomposition of 2, probably by attack a t  the isocyanide 
group, while milder bases such as Proton Sponge22 and 
sodium acetate failed to react. 

A successful route to the desired polymers was discov- 
ered based on the facts that complexes [t-BuCzCAuLI 

(20) (a) Cross, R. J.; Davidson, M. F. J. Chem. Soc., Dalton Trans. 
1986,411. (b) Cross, R. J.;Davidson, M. F.; McLennan,A. J. Organomet. 
Chem. 1984,265, C37. 

(21) 2a: NMR in CDCh WH) = 3.31 [e, lH,  C=CHl, 7.48 [d, J = 8.8 
Hz, 2H, Ph], 7.60 [d, J = 8.8 Hz, 2H, Ph]; IR (Nujol) 2234 [s, u(N=C)I, 
3279 [m, v(C=C-H)I cm-I. Anal. Calcd for CgH&ClN: 30.1; H, 1.4. 
Found: C, 29.9; H, 1.4. 2 b  NMR in CDCl:, WH) = 2.43 [s, 3H, Me]; 3.26 
ts, IH, C W H ] ;  7.40-7.47 [m, 3H, Ph]; IR (Nujol) 2216.5 [s, u(N=C)], 
3260 tm, u(C=C-H)I cm-I. Crystal data for 2a: AuC9H&lN, M, = 
359.57, monoclinic, space group F21/m, a = 10.042(2) A, b = 7.067(2) A, 
c = 6.596(2) A, +9 = 98.79(2)’, V = 462.6(1) A:,, D, = 2.58 g cm-:’, 2 = 2, 
~r = 161.2 cm-l, F(000) = 323.9. Data were collected on an Enraf-Nonius 
CAD4FdiffractometerwithMoKaradiation (A =0.710 73A) withgraphite 
monochromator: R = 0.0427, R,  = 0.0402 for 1035 observed reflections 
(I I 3 4 ) .  

(22) Alder, R. W.; Bowman, P. S.; Steele, W. R. S.; Winterman, D. R. 
J. Chem. SOC., Chem. Commun. 1968,723. Morris, R. H.; Sawyer, J. F.; 
Siralian, M.; Zubkowski, J. D. J. Am. Chem. SOC. 1985,107, 5581. 

C ( 4 )  C ( 3 )  

Figure 2. View of the structure of [t-BuCCAuCNCsHs- 
MeCCH] (5b). Parameters are as follows: Au-C(l) = 1.95- 
(l),AU-C(ll) = 1.96(1) A; C(ll)-Au-C(l) = 173.6(4), N-C(l)- 
AU = 173.0(9), C(B)-N-C(l) 169.8(9), C(12)-C(ll)-Au = 
1 7 4 ( 1 ) O .  Note the greater distortion from linearity of 5b 
compared to 28. 

can be prepared by reaction of [(AuCW-t-Bu)4l with 
ligands L23 and that a more acidic hydrocarbon RH will 
displace a less acidic hydrocarbon R’H from [R’AUL].~~ 
Thus,  the complex acetylene t-Bu-CGC-Au- 
(CN-Ar-CWH) should be more acidic than t-BuCCH 
(the 4-isocyanoaryl substituent is more electron-with- 
drawing than t-Bu and coordination of the isocyanide 
substituent to gold(1) will enhance the acidity) and so it 
should eliminate t-BuCCH with formation of the desired 
polymer. Since there was no direct analogy for the alkyne 
elimination step, the reaction of eq 2 (Xy = 2,g-dimeth- 

4-02NCeH4CCH 

-!OuCCH 
* t-BuCEC-Au-CENXy 

3 

~-O~NC~H~CEC-AU-C=NX~ (2) 
4 

R 

Sa, R = H 
b ,R=Me 

R 

f - B U C ~ C S I \ Y - C E N ~ C ~ C ~ H  (3) 

6 e , R = H  
b ,R=Me 

ylphenyl) was carried out and was shown to occur 
quantitatively as monitored by ‘H NMR. The complexes 
5 were prepared by reaction of [ (AuCd-t-Bu)d with the 
corresponding ligand 1 and were readily characterized.25 
The structure of 5b is shown in Figure 2 and demonstrates 
that the alkynylgold isocyanide unit has the desired rodlike 
structure.25 The pure acetylide complexes are air-stable 

(23) Coates, G. E.; Parkin, C. J. Chem. SOC. 1962, 3220. 
(24) (a) Bonati, F.; Burini, A.; Pietroni, B. R.; Giogini, E.; Bovio, B. J. 

Organomet. Chem. 1988,344, 119. (b) Mitchell, C. M.; Stone, F. G. A. 
J. Chem. SOC., Dalton Trans. 1972,102. (c) Johnson, A,; Puddephatt, R. 
J. J.  Chem. SOC., Dalton Trans. 1977, 1384. 

(25) 5a: NMR in CDCl:, 6(lH) = 1.28 [e, 9H, Bul, 3.30 [e, lH, C W H ] ,  
7.44 [d, J = 8.8 Hz, 2H, Phl, 7.57 [d, J = 8.8 Hz, 2H, Ph]; IR (Nujol) 3295 
(m), 2215 (a), 2114 (ah), 2042 (br, w) cm-l. Anal. Calcd for CIhHIIAuN: 
C, 44.5; H, 3.5. Found: C, 43.1; H, 3.4 (the percentages for C and H are 
low apparently owing to partial loss of Bu-C=CH when the sample was 
stored at room temperature; heating Sa gives BuCCH more rapidly as 
shown by TCA and MS). 5b: NMR in CDCI:, b(lH) = 1.27 [s, 9H, Bu], 
2.37 [s, 3H, Me], 3.24 [a, lH,  C W H ] ,  7.37 [br, 2H, Phl, 7.42 [br, lH,  
Ph]; IR (Nujol) 3227 (m), 2201 (s), 2105 (sh), 2030 (br, w) cm-l. Anal. 
Calcd for CI6Hl&N: c, 45.8; H, 3.85. Found: C, 45.5; H, 3.7. Cryatal 
data for 5b: AuC1~Hl~N,  M = 419.29, monoclinic, space group P2,/n,  a 
= 14.225(4) A, b = 16.196(4) 1, c = 6.747(2) A, B = 93.86(3)O, V = 1551.0(8) 
A’, D, = 1.80 g cm-’, 2 = 4, ~r = 91.0 cm I ,  F(000) = 791.8. For 1821 (I 
I 3dI) )  observed reflections, R = 0.0332 and R,  = 0.0396 (A(Mo Ka) = 
0.710 73 A). 
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white solids and are very soluble in halogenated and 
aromatic hydrocarbons. However, they are thermally 
unstable. Decomposition occurred slowly in the solid state 
with an accompanying color change to brown, and a brown 
solid was precipitated in high yield when a benzene solution 
was heated at  80 "C. This solid, of structure 6 (eq 3), is 
insoluble in common organic solvents, and so direct 
molecular weight determination was not possible. 
t -BuCWH was detected when the reaction of eq 3 was 
monitored by lH NMR. The molecular weights are 
probably low, and the products are oligomers only. Thus, 
when 5a or 5b in benzene was heated a t  80 "C for 5-10 h, 
a brown precipitate which was analyzed as t-Bu- 
C=C-(Au-CN-CeHd-C=C)3.7s-H or t-Bu- 
C=C-(A~-CN-C~H~M~-C=C)~.O-H was obtained.% 
The strong IR band for v(CN) shifted slightly from 2215 
cm-l in 5a to 2209 cm-' in 6a, both frequencies being 
consistent with coordination to g ~ l d ( I ) . ~ ~  The medium- 
intensity band at  3295 cm-', due to the acetylenic v(C-H) 
for 5a, was present only as a very weak band, also at  3295 
cm-l, in 6a. The XPS binding energies, calibrated to C(1s) 

(26) 68: IR (Nujol) 3295 (vw), 2209 (a), 2120 (ah), 2034 (br, w) cm-I. 
Anal. Calcd for t-Bu-C=C-(Au-CN-CsH4-C~)~,~~-H: C, 37.23; 
H, 2.01. Found: C, 36.91; H, 2.16. 6 b  IR (Nujol) 3300 (vw), 2205 (a), 
2118 (ah)  cm-1. Anal. Calcd for t-Bu-C=C--(Au-CN- 
C&,Me-C=C)s,oz-H: C, 38.0; H, 2.3. Found C, 37.6; H, 2.5. 

(27) See for example: Puddephatt, R. J.; Treurnicht, I. J.  Organomet. 
Chem. 1987,319, 129. 
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= 284.9 eV, were very similar for 5a [Eb; Au(4f7p) 85.1; 
N(ls) 400.1 eV1 and 6a [Eb; Au(4f7p) 85.0; N(1s) 400.1 
eV1, indicating similar coordination environments. 

T h e  brown so l ids  t-Bu-C=C-(Au-CN- 
Ar-C=C),-H could be dissolved in the presence of 
excess tertiary phosphines PR3 (PR3 = PMe3, P(OMe)3) 
in organic solvents such as chloroform, acetone, and 
benzene with the formation of t-Bu-C=C!-Au-PR3, 
CN-Ar-CWAu-PR3 and CN-Ar-CECH, with a 
color change to yellow as the conjugation is lost. When 
excess PR3 was removed, re-formation of insoluble brown 
oligomers occurred. 

This work establishes the value of the (isocyanoary1)- 
acetylides as bridging units in rigid-rod complexes. Fur- 
ther derivatization is required to give higher solubility 
and longer chain lengths in the oligomeric products. 
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