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Summary: The palladated aryl units obtained via cyclo- 
palladation of methyl 2-biphenylyl sulfide or N ,N-di- 
methyl-2-biphenylamine undergo annelation reactions with 
diphenylacetylene. From the reaction of the sulfur con- 
taining palladocycle with the alkyne, an organometallic 
intermediate has been isolated in which two arene moie- 
ties are q4-coordinated to a dipalladium(1) unit. 

In the final stage of palladium-mediated stoichiometric 
or catalytic reactions in organic synthesis, the metal is 
usually recovered as palladium(I1) or palladium(0) through 
reductive elimination reactions during which the metal is 
reduced by two-electron processes.2 We wish here to 
report a rare example of such a reaction in which the metal 
is found as a palladium(1) complex together with the 
functionalized organic substrate. 

We have shown earlier that  the reactions between cy- 
clopalladated compounds and internal alkynes can afford 
selectively heterocyclic  compound^.^ While investigating 
the potentiality of this reaction for the purpose of organic 
synthesis, we became interested in the behavior of such 
compounds in which the palladium atom is part of six- 
membered rings., The new compounds 1 and 2 have thus 
been synthesized in almost quantitative yields through 
classical palladation5 of the corresponding ligands using 
palladium acetate as the metalating agent followed by 
metathesis of the acetato groups with lithium chloride. 
The chloride-bridged dimer 1 was converted in situ into 
the cationic species 3 by abstracting the chloride ion with 

(1) Reactivity of Cyclopalladated Compounds. 20. Part 19, see: van 
Koten, G.; Maassarani, F.; Pfeffer, M. Organometallics 1989, 8, 871. 

(2) Trost, E. M.; Werhoeven, T. R. In Comprehensive Organometallic 
Chemistry; Abel, E. W., Stone, F. G. A., Wilkinson, G., Eds.; Pergamon 
Press: Oxford, 1982; Vol. 8, pp 799-938. 

(3) Dupont, J.; Pfeffer, M. J .  Organomet. Chem. 1987, 321, C13. 
Maassarani, F.; Pfeffer, M.; Le Borgne, G. Organometallics 1987,6,2029. 

(4) Maassarani, F.; Pfeffer, M.; Le Borgne, G .  Organometallics 1987, 
6, 2043. 

(5) See, for example: Hiraki, K.; Fuchita, Y.; Takechi, K. Inorg. Chem. 
1981, 20, 4316. 
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AgS03CF3 in a T H F  solution. After removal of AgCl and 
the solvent, the residue thus obtained was treated in 
CH2C12 with excess of diphenylacetylene ( P h c ~ C P h 3  > 
4) to afford after 5 min of stirring at  room temperature 
a brown solution from which compound 5 was quantita- 
tively precipitated by addition of n-pentane (see Scheme 
I). Analytical data indicated that two alkyne units have 
been incorporated per palladium atom. The lH NMR 
spectrum of 5 displayed moreover characteristic resonance 
patterns for the four protons of the cyclohexadienyl unit 
a3-bonded to Pd.6 A related spirocyclic organopalladium 
compound has been fully characterized recently in our 
laboratory., The molecule of water in 5 (detected by 
NMR, IR, and microanalysis) comes most probably from 
the silver triflate used, a feature that has already been 
observed in similar cationic  compound^.^ 

When the cationic compound 4 (synthesized through 
addition of AgBF, to 2 in a CH2C12/MeCN solution3) was 
heated with a slight excess of diphenylacetylene (PhCG 
CPh:4 = 2.1) in chlorobenzene a t  90 "C, it afforded a red 
solution after ca. 10 min. Filtration of this solution through 
a Celite column, removal of the chlorobenzene under re- 
duced pressure, and washing the solid thus obtained with 
pentane afforded deep red 6 in 86% yield. The 'H NMR 
spectrum of this compound did not allow the detection of 
any other organometallic species; thus the formation of 6 
was indeed quantitative. The molecular structure of this 
compound was ascertained by an X-ray diffraction study7 
since its NMR spectra were of little help in order to de- 
termine its geometry. Crystals of 6 suitable for the X-ray 
analysis (which contain four molecules of acetone of 
crystallization) were obtained from an acetone/diethyl 
ether solution. The cationic part of the molecule is shown 
in Figure 1. It reveals that the former palladated aryl ring 
in 4 has been annelated by two diphenylacetylene reagents 
to form a pentasubstituted naphthalene derivative.8 Two 
aryl rings of this latter ligand are both q4-coordinated to 
a dipalladium unit. This gives rise to a so-called sandwich 

(6) All new compounds gave satisfactory elemental analyses. Selected 
spectroscopic data are as follows: 'H NMR (CDC13,293 K, 200.13 MHz): 
5, 6 8.62-6.31 (m, 24 H, aromatic), 6.13 (d, 1 H, H'), 6.01 (dd, 1 H, H3, 
3J (H2H3) = 5.7 Hz), 5.57 (d, 1 H, H', 35 (H3H4) = 8.0 Hz), 4.80 (t, 1 H, 
H2, 3J (H1H2) = 6.1 Hz), 2.78 and 1.49 (2s, 6 H, NMe2), 1.75 (a, 2 H, H20) 
(HI-H' represent the protons of the hexadienyl unit in 5); 6,6 7.80-5.52 
(28 H, aromatic), 2.29 (8 ,  3 H, SMe); 7, 6 7.62-6.58 (m, 28 H, aromatic + 
NH), 2.29 ( 8 ,  6 H, NMe2); 8, 6 7.71-6.60 (m, 27 H, aromatic),2.24 (9, 3 
H, SMe). IR (KBr pellets): 7, 3040 cm'' (u(NH)). MS (FAB): 7, m / z  
553 (552, M+ - H); 8, m/z 554 (554, M*), 539 (M - Me), 507 (M - SMe). 

(7) Crystal structure of 6 ((CH3)2CO)~ triclinic; space group PI; a = 
15.776 (6) A, b = 19.786 (6) A, c = 15.486 (6) A, (Y = 91.79 (2)", @ = 114.88 
(2)O, = 106.79 (2)O; V = 4132 A3, 2 = 2; pBLed = 1.234 g ~ m - ~ ;  Fooo = 1564; 
X = 1.5418 A; p = 45.446 cm-'; 8199 independent khkl reflections mea- 
sured (Philips PW 1100/16 diffractometer, graphite-monochromated 
radiation, 0/20 flying step scan, 3 O  < 0 < 50' a t  -100 "C). The structure 
was solved by using Patterson and Fourier methods and refined by 
full-matrix least squares by using 6918 observed reflections ( I  > 3 4 ) ) .  
Hydrogen atoms were introduced in structure factor calculations at their 
computed coordinates (C-H = 0.95 A, B(H) = 1.3B,, (C)) but not refined. 
The fluorine atoms of one of the BF,? moieties are disordered over two 
positions in the ratio 1/1 (difference Fourier relative peak heights). 
Empirical absorption corrections were applied. R(F) = 0.067; R,(F) = 
0.110. Further details of the structure investigation can be obtained from 
the authors. 

(8) (a) Dupont, J.; Pfeffer, M.; Daran, J. C.; Gauteron, J. J .  Chem. SOC., 
Dalton Trans. 1988, 2421. (b) Wee, G.; Rheingold, A. L.; Geib, S. J.; 
Heck, R. F. Organometallics 1987, 6, 1941. 
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Scheme I. Reaction Path for the Annelation Reaction of the Palladated Aryl Units in Compounds 3 and 4 
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Figure 1. ORTEP view of the cationic part of 6: only the ipso 
carbon atoms of the peripheral phenyl rings are represented; 
hydrogen atoms are omitted. Ellipsoids are scaled to enclase 50% 
of the electron density. selected bond distances (A): Pdl-Pd2, 
2.603 (1); Pdl-S2; 2.339 (2); Pd2-S1,2.333 (2); Pdl-ClO, 2.25 (2); 
Pdl-Cll, 2.34 (2); Pdl-C47,2.26 (2); Pdl-C48, 2.17 (2); Pd2-C7, 
2.25 (2); Pd2-C12, 2.20 (2); Pd2-C49, 2.32 (1); Pd2-C50, 2.22 (2); 
S1-CMl, 1.79 (1); S2-CM2, 1.83 (1); S(l)C(l), 1.76 (2), S2-C41, 
1.78 (1). Bond angles (deg): Pdl-Pd2-S1, 166.34 (5); Pd2- 
Pdl-S2, 167.31 (61. 

coordination around the palladium atoms. The coordi- 
nation sphere of each metal is completed by coordination 
of a lone pair of the sulfur atoms. Thus each of the two 
annelated ligands are six-electron donors. Since the or- 
ganodipalladium unit bears a 2+ charge, the two Pd must 
be in the +1 oxidation state. This is confirmed by the 
Pd(l)-Pd(Z) distance (2.603 (1) A) which is characteristic 
of a molecule containing a dipalladium(1) m ~ i e t y . ~  
Structurally characterized compounds in which the pal- 
ladium is in ?r-interaction with the arenes are still very 

P h  

ph* P h  

P h  0'"' 
8 

5 
7 

rare.lo It is however worthwhile to mention the compound 
obtained more than 20 years ago by Allegra et al.,ll during 
the reduction of PdClz by aluminum in the presence of 
A1C13 in benzene. This compound is structurally related 
to compound 6 since it contains two benzene rings both 
q4-coordinated to a dipalladium(1) unit. To the best of our 
knowledge no further example of palladium(1) compounds 
stabilized by coordination to neutral arene units have been 
published in the literature since then. 

Compounds 5 and 6, though reasonably stable in the 
solid state, both evolve in solution above room temperature 
to afford the corresponding palladium-free ligands 7 and 
8, respectively (see Scheme I). The structure of 8 was 
deduced from that of 6. Compound 7 was analyzed ac- 
cordingly since the aromatic protons display an lH NMR 
spectrum very similar to that of 8. Moreover the IR 
spectrum of 7 showed an intense absorption at  3040 cm-l 
(assigned to the u(N-H) vibration) together with the ab- 
sorptions characteristic of the triflate anion. 

A t  this stage of our study it is tempting to anticipate 
that a concerted radical process would explain the for- 
mation of compound 6. Indeed a radical mechanism was 
proposed earlier for the annelation of aryl rings with dif- 
ferent alkynes in presence of palladium acetate.12 We have 
no direct proof as to decide whether the formation of 6 is 
preceded by an intermediate such as 5. However, we have 
observed that compound 5 can evolve at  -20 "C to a deep 
red transient species, which might be analogous to 6. 
Although we have not been able to fully characterize this 
transient product yet, this observation is a good indication 
that rearrangement of the spiro complex 5 to the annelated 
product 7 might occur via a palladium(1) intermediate. 

Work is in progress to demonstrate the generality of 
these findings to the reactions of related organopalladium 
compounds with alkynes. 
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Summary: A series of electron-rich polymetallic com- 
plexes of benzene, namely, C6H6-,Fpn and (7'- 

3), have been prepared. The X-ray crystal structure of 
($- I,~,~-C~H,F~,)C~(CO),*CH~C~~ confirms that the arene 
ring is cr-bound to iron and r-bound to chromium. 

Over the last several years there has been growing in- 
terest in the synthesis of polymetallic complexes whose 
metal centers are joined by polyfunctional organic ligands 
having delocalized x systems.2 Although most of these 
ligands contain an aromatic core (e.g. pyrazine, diamino- 
benzene, dicyanobenzene, diethylnylbenzene, etc.), re- 
markably few contain direct metal to arene-carbon (r 

bondsa3 I now wish to report the synthesis of a number 
of such polymetallic complexes. 

During the course of our studies, we have found that for 
many organometallic fragments such as (v5-C5H5)Fe(C0),, 
Fp, direct metathesis reactions, i.e. eq 1 and 2, fail to 

C6H6-,,Fpn)Cr(C0)3 (Fp = (v~-C,H,)F~(CO)~ and = 2 or 

THF 
2NaFp + 1,4-C6H4Br2 1,4-C6H4Fp2 + 2NaBr 

(1) 
EhO 

2FpI + 1,4-C6H4Li2 -780~- 1,4-C6H4Fp2 + 2NaI (2) 

produce the desired phenylene-bridged complexes in syn- 
thetically useful yields. Fortunately, they are readily 

(1) (a) Organometallic Complexes with Electronic Bridges. 1. (b) 
Hunter, A. D. Presented in part at  the Third Chemical Congress of North 
America, Toronto, Canada, June 1988; paper INOR 87. 

(2) See for example: (a) Maatta, E. A.; Devore, D. D. Angew. Chem., 
Int. Ed. Engl. 1988, 27, 569. (b) Zulu, M. M.; Lees, A. J. Inorg. Chem. 
1988,27,1139. (c) Gross, R.; Kaim, W. J. Organomet. Chem. 1987,333, 
347. (d) Gross, R.; Kaim, W. Inorg. Chem. 1987,26,3596. (e) Metz, J.; 
Hanack, M. Chem. Ber. 1987, 120, 1307. (f) Collman, J. P.; McDevitt, 
J. T.; Leidner, C. R.; Yee, G. T.; Torrance, J. B.; Little, W. A. J. Am. 
Chem. SOC. 1987,109,4606. (9) Kaim, W.; Kohlmann, S. Inorg. Chem. 
1986,25, 3442. (h) Kobel, W.; Hanack, M. Inorg. Chem. 1986,25,103. 
(i) Toscano, P. J.; Marks, T. J. J. Am. Chem. SOC. 1986, 108, 437. (i) 
Feinstein-Jaffe, I.; Frolow, F.; Wackerle, L.; Goldman, A.; Efraty, A. J.  
Chem. Soc., Dalton Trans. 1988, 469. (k) Hanack, M., Seelig, F. F.; 
Striihle, J. Z. Naturforsch., A 1979,34,98. (1) Takahashi, S.; Murata, E.; 
Sonogaahira, K.; Hagihara, N. J. Polym. Sci., Polym. Chem. Ed. 1980,18, 
661. (m) Sonogashira, K.; Ohga, K.; Takahashi, S.; Hagihara, N. J. 
Organomet. Chem. 1980, 188, 237. 

(3) (a) Buchwald, S. L.; Lucas, E. A.; Dewan, J. C. J. Am. Chem. SOC. 
1987,109,4396. (b) Nesmeyanov, A. N.; Anisimov, K. N.; Kolobova, N. 
E.; Ioganson, A. A. Dokl. Akad. Nauk SSSR 1967, 175, 358 (English 
translation p 627). (c) Cohen, S. C. J. Chem. Soc., Dalton Trans. 1973, 
553. (d) Bruce, M. I. J. Organomet. Chem. 1970,21, 415. 

preparable via acyl intermediates, i.e. eq 3 and 4. Thus, 

2NaFp + 1,4-C6H4(COC1)2 
THF 

1,4-C6H4(COFp), + 2NaC1 (3) 

~ , ~ - C $ & ( C O F P ) ~  Bu,O 1,4-C&Fp2 + 2 c o  t (4) 

addition of terephthaloyl chloride (1.10 g, 5.50 mmol) to 
a solution of NaFp (11.30 m m ~ l ) ~  in THF (60 mL) at  -78 
"C produces a tan precipitate. This solid may be collected 
by filtration in air, washed with EtzO (50 mL) and H20 
(100 d), and dried in vacuo to give 1,4-C6H4(C0Fp), (la)5 
in 94% yield. Gentle reflux of a suspension of this diacyl 
complex (0.51 mmol) in Bu,O (60 mL) for 5.5 h, removal 
of solvent in vacuo, and recrystallization of the resultant 
product from CH2C12/hexanes results in the isolation of 
the desired complex 1,4-C6H4Fp2 (2a)6 in 68% yield. The 
related complexes 1,3-C6H4Fp2 (2b) and 1,3,5-C6H3Fp3 (212) 
may be prepared in a similar fashion from 1,3-C6H4(COC1), 
and 1,3,5-C6H3(CoC1),, re~pectively.~ These new phe- 
nylene-bridged complexes are tan crystalline solids ex- 
hibiting remarkable thermal and air stability. Their 
spectroscopic  characteristic^^,^ are analogous to those re- 
ported for related iron aryls8 and indicate that they retain 
the substitution geometry of the parent aroyl chlorides. 

Although these phenylene complexes are very sterically 
crowded, they retain the ability of free arenes to form T 

complexes with Cr(CO)3,9 i.e. eq 5. Thus, when a sus- 

C6H4Fp2 + excess Cr(C0I6 7 
(?6-C6H4F~2)Cr(C0)3 + co t (5) 

pension of 1,4-C6H4(C0Fp), (0.50 g, 1.02 mol)" is refluxed 
with excess Cr(CO)6 (1.00 g, 4.54 mmol) in Bu20 (50 mL) 
for 14 h, a yellow microcrystalline precipitate forms upon 
cooling to room temperature. This may be fractionally 
recrystallized from CH2C12/hexanes to give the new po- 

A 

Bu,O 

(4) King, R. B. Organometallic Syntheses; Academic Press: New 
York, 1965; Vol. 1, p 151. 

(5) la: IR (CH2Cl2) YCO 2030 (m), 1962 (m), 1606 (w, br) cm-'; fast 
atom bombardment mass spectrum, m/z 487 (P+ + H). Anal. Calcd for 
CzzH1406Fez: C, 54.37; H, 2.90; 0, 19.75. Found: C, 54.51; H, 2.79; 0, 
20.03. 

(6) 28: IR (CHZCl2) YCO 2014 (s), 1959 (s) cm-'; high-resolution mass 
spectrum, m/z calcd 429.9591, found 429.9603; 'H NMR ((CD&SO) 6 
6.95 (s ,4  H, C a 4 ) ,  5.07 (s ,5  H, C,&) ppm. Anal. Calcd for C&r404Fe2: 
C, 55.86; H, 3.28. Found: C, 56.30; H, 3.58. 

(7) Yields: lb,  88%; IC, 80%; 2b, 51%; 2c, 30%; 3b, 35%; 312, 15%. 
Analytical and Spectroscopic data for these products are presented in the 
supplementary material. 

(8) See, for example: (a) Butler, I. R.; Lindsell, W. E.; Thomas, M. J. 
K. J. Organomet. Chem. 1984,262,59. (b) Butler, I. R.; Lindsell, W. E.; 
Preston, P. N. J. Chem. Res., Miniprint 1981,2573. (c) Gansow, 0. A.; 
Schexhayder, D. A.; Kimura, B. Y. J. Am. Chem SOC. 1972,94,3406. (d) 
Stewart, R. P.; Treichel, P. M. J. Am. Chem. SOC. 1970, 92, 2710. (e) 
Nesmeyanov, A. N.; Leshcheva, I. F.; Polovyanyuk, I. V.; Ustynyuk, Y. 
A.; Makarova, L. G. J. Organomet. Chem. 1972,37,159. (0 Nesmeyanov, 
A. N.; Makarova, L. G.; Polovyanyuk, I. V. Izu. Akad. Nauk SSSR, Ser.  
Khim. 1972, 609 (English translation p 567). (9) Denisovich, L. I.; Po- 
lovyanyuk, I. F.; Lokshin, B. V.; Gubin, S. P. Izu. Akad. Nauk SSSR, ser. 
Khim. 1971, 1964 (English translation p 1851). (h) Bolton, E. S.; Knox, 
G. R.; Robertson, C. G. J.  Chem. SOC., Chem. Commun. 1969, 664. (i) 
Nesmeyanov, A. N.; Chapovskii, Yu. A.; Denisovich, L. I.; Lokshin, B. V.; 
Polovyanyuk, I. V. Dokl. Akad. Nauk SSSR 1967, 174, 1342 (English 
translation p 576). (i) King, R. B.; Bisnette, M. B. J. Organomet. Chem. 
1964, 2, 15. 

(9) A wide variety of (arene)Cr(CO)3 compounds have been prepared 
and characterized, see for example: (a) Collman, J.  P.; Hegedus, L. S.; 
Norton, J. R.; Finke, R. G. Principles and Applications of Organo- 
transition Metal Chemistry; University Science Books: Mill Valley, CA, 
1987. (b) Sneedon, R. P. A. Organochromium Compounds; Academic 
Press: New York, 1975. 

(10) These Cr(C0)3 adducts are best prepared from the phenylene 
complexes (Le. 1,4-C6H4Fp2) generated in situ from the acyl intermediates 
(i.e. 1,4-C6H4(COFp)2). 
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