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Aromatizational rhodiation of l-cyelopentadienylidene- 
4-methyl-4-trichloromethylcyclohexa-2,5-diene under the action of 

(Ph3P)3Rh(CO)H and (CzH4)zRh(acac) as a novel route to 
p-tolylcyclopentadienyl complexes of transition metals 
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Condensation of 4-methyl-4-trichloromethylcyclohexa-2,5-dienone with cyclopentadiene 
gave the first representative of cross-conjugated pentafulvenes of the para-semiquinoid series: 
I-cyclopentadienylidene-4-methyl-4-trichloromethylcyclohexa-2,5-diene. This fulvene un- 
dergoes a novel redox aromatizational skeletal rearrangement under the action of 
(Ph3P)3Rh(CO)H and (C2H4)2Rh(acac) to give triphenylphosphinelrlS-(p-tolylcyclopentadi - 
enyl)ldichlororhodium and bis[(rlS-p-tolylcyclopentadienyl)(p.-chloro)chlororhodiuml, respec- 
tively. 
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In a continuation of our studies on the "cascade" 
principle for the construction of polyconjugated metal 
complexes ! (1, 2), in this work, we synthesized the first 
representative of pentafulvenes of  the para-semiquinoid 
series 3, which contains two cross-conjugated r~-diene 
rings capable of coordinating transition metals. 
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Polyunsaturated fulvenes of related classes (see the 
relevant reviews z,3) have long attracted the attention of 
researchers. 4,5 The reactivity of"dendralene" cross-conju- 
gated systems is also of substantial interest (see the 
relevant review6). Type 3 fulvenes can be regarded as 
cyclovinylogs of alkylidenecyclohexadienes 4, which we 
have studied previously. Based on their treatment with 
derivatives of a number of nontransition metals, Hg, Sn, 
Au, Ge, we developed an ingenious method for the 
synthesis of the corresponding o-benzylic organometal- 
lic systems, the so-called aromatizational metallation 
(for a review, see Ref. 7). From this viewpoint, the 
introduction of two additional double bonds into the 
exocyclic fragment of  trienes 4 should ensure the most 
efficient aromatization under the conditions of metal- 
lation, especially through the action of transition metals. 
The latter are known to exhibit special affinity for five- 
and six-electron fragments,  which are present in 
pentaenes 3. Attempts to carry out cyclopentadienylation 
of dienone 5 by the classical method, 8 viz., through the 
action of CsHsMgl,  gave only polymeric products with 
decomposition temperature above 230 °C. The first para- 
semiquinoid representative of  fulvenes 6 was obtained by 
condensation of dienone 5 with cyclopentadiene using a 
known procedure 9 in MeOH in the presence of pyrrolid- 
ine as a catalyst. The dark-red cr3'stalline product 6 is 
readily soluble in Et20, C6H 6, and CHCI 3, less soluble 
in MeOH, and poorly soluble in hexane; it is stable 
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during storage in a refrigerator over a period of ! month.* 
The structure of compound  6 was confirmed by the data 
of elemental  analysis, N M R  spectroscopy, and mass 
spectrometry. When we studied metallation of fulvene 6 
with (Ph3P)3Rh(CO)H and (C2H4)2Rh(acac), we found 
a novel complex multistage redox transformation involv- 
ing the abstraction of the CCI 3 group, transfer of two CI 
atoms to the low-valence metal atom,** and the forma- 
tion of mixed p-tolylcyclopentadienyl  chloride deriva- 
tives of trivalent rhodium 7 and 8 (Scheme 1). The 
structures of products were confirmed by analytical and 
spectroscopic data as well as by the transformation of 
the binuclear complex 8 into mononuclear  complex 7 
through the action of Ph]P. 

Thus, two metallating reagents of different natures 
react with fulvene 6 to give products of actually the 
same type via thermodynamical ly  favorable aromatiza- 
tion of both unsaturated rings. 

The para-semiquinoid fulvene system 6 is a novel 
promising ligand in the organometall ic chemistry. 

Exper imenta l  

NMR spectra were recorded on a Bruker WP 200 SY 
spectrometer (IH, 200.12 and 13C, 50.1 MHz) using tetra- 

* Upon more prolonged storage, fulvene 6 partly decomposes 
with evolution of HCI to give oligomeric products; the shelf 
life of this compound substantially increases in the presence of 
traces of MeOH. 
** The mechanism of this reaction requires special investiga- 
tion. It can be suggested that the activation and transfer of 
CCI 3 are intermolecular processes, since in related systems, 
this bulky substituent directs an attack by a metal atom from 
the opposite side of the ring (see Refs. 10 and 11). 

methylsilane as the internal standard. The I R spectrum was 
measured on a UR-20 spectrophotometer (Karl Zeiss). El 
mass spectra were obtained on an MS-890 instrument (70 eV). 
The course of the reactions was monitored by TLC on Silufol- 
254 plates, the compounds being visualized by UV irradiation 
or by treatment with a 10 % solution of phosphomolybdic acid 
in EtOH, 

K ~ 5  was obtained by a known procedure, tz Solvents 
were dried by standard procedures, t3 Cyclopentadiene was 
distilled just before use. The complexes (Ph3P)3Rh(CO)H 14 
and (C2H4)2Rh(acac) 15 were prepared as described previ- 
ously. 

1 -Cyclopentadienylidene-4 -methyl -4-trichloromethyleyclo- 
hexa-2,5-diene (6). Pyrrolidine (6.25 mL, 75 retool) was added 
to a solution of ketone 5 (11.3 g, 50 mmol) and cyclopentadiene 
(8.25 g, 125 mmol) in 70 mL of MeOH, and the mixture was 
stirred for 1.5 h at 20 °C. A dark-red solution gradually 
formed. When the reaction was over, the mixture was diluted 
with 35 mL of water. The precipitated dark-red crystals were 
separated by filtration, washed successively with a 50 % aque- 
ous solution of MeOH (20 mL) and with water (20 mL), and 
dried in vacuo to give 10.7 g of compound 6, yield 78 %, m.p. 
88--89 *C (MeOH). Rr 0.5 (hexane). Found (%): C, 56.94; 
H, 3.78; CI, 38.78. CI3HIICI 3. Calculated (%): C, 57.07; 
H, 4.05; CI, 38.87. 

IH NMR (CDCI3), 6:1.36 (s, 3 H, Me); 6.18 (d, 2 H, 
H(2) and H(6), 3JH(2)_H(3) = 10.3 Hz); 6.61 (m, 4 H, C5H4); 
6.85 (d, 2 H, H(3) and H(5), 3JH(3)_H(2)= 10.3 Hz). 
J3C NMR (CDCI3), 6:24.9 (q, IJc_ H = 139 Hz); 120.0 (d, 
Idc_ H = 167 Hz); 127.1 (d, IJc_ H = 156 Hz); 131.8 (s); 
132.2 (s); 132.5 (d, tJc_ H = 162 Hz); 135.7 (d, IJc_ H = 
156 Hz). MS, m/z (Irel (%)): 272 [MI + (6.7), 236 [M-HCI] + 
(90), 201 [M-HC1-CI] + (95), 166 [M-HCI -2  CI] + (100). 

Triphenylphosphine[rlS-(p-tolylcyclopentadienyl) ] dichloro - 
rhodium (7). A solution of (Ph3P)3Rh(CO)H (150 mg, 
0.182 mmol) in 5 mL of dioxane was added to a solution of 
fulvene 6 (50 mg, 182 mmol) in 5 mL of dioxane. The mix- 
ture was boiled for 2 h, concentrated to 5 mL, and 5 mL of 
C6H 6 was added with stirring. The precipitated dark-red crys- 
tals of an adduct of compound 7 with dioxane (4 : I) were 
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filtered off, washed with C6H 6 (2x0.5 mL), and dried in vacuo 
to give 63 mg of compound 7, yield 59 96. R r 0.75 (CHCI 3 -  
EtOH, 25 : I). Found (%): C, 60.68; H, 4.60; CI, 11.57. 
[C30H26CI2PRh14- C4H802. Calculated (%): C, 60.71; H, 4.60; 
CI, 11.56. IH NMR (CDCI3), 8:2.37 (s, 3 H, Me); 3.73 (s, 
dioxane); 5.11 (br.s, 2 H, Cp); 5.63 (t, 2 H, Cp); 7.22 (d, 
2 H, p-MeC6H 4, 3JH.~H = 8 Hz); 7.36 (m, 9 H, Ph3P); 7.48 
(d, 2 H, p-MeC6H 4, JH--H = 8 Hz); 7.62 (m, 6 H, Ph3P). 
The adduct of 7 with dioxane was recrystallized from a C6H 6 -  
EtOH mixture (1 : I) to give the dihydrate of 7 as fibrous 
crystals with pearly luster, m.p. 221--223 *C. Found (%): 
C, 57.19; H 4.61; CI, 11.62. [C30H26CI~PRh]-2H20. Cal- 
culated (96): C, 57.43; H, 4.82; CI, 11.30. H NMR (CDCI3), 
5:2.37 (s, 3 H, Me); 5.10 (br.s, 2 H, Cp); 5.64 (dd, 2 H, 
Cp); 7.20 (d, 2 H, p-MeC6H 4, 3JH.~H = 8 Hz); 7.36 (m, 9 H, 
Ph3P); 7.47 (d, 2 H, p-MeC6H 4, JH-H = 8 Hz); 7.63 (m, 
6 H, Ph3P). 

Bis[ (q 5-p-tolyleyclopentadienyl) (~-ehloro)chiororhodium] 
(8). A solution of (C2H4)2Rh(acac) (268 rag, 1.03 mmol) in 
20 mL of THF was added dropwise at -50  °C to a solution of 
fulvene 6 (284 rag, 1.03 mmol) in 20 mL of THF. The result- 
ing dark-red solution was warmed up to 20 °C and filtered. 
A red finely crystalline solid precipitated from the filtrate over 
a period of 12 h; this gave 58 mg of product 8, yield 8.5 %. 
Rf0.76 (CHCI3--MeOH, 7 : 0.1). Found (%): C, 43.09; 
H, 3.58; CI, 21.97; Rh, 31.62. C24H22Rh2CI 4. Calculated (%): 
C, 43.77; H, 3.34; CI, 21.58; Rh, 31.31. IR (KBr), v/cm-t:  
830, 1205, 1470, 1618, 1660, 3070. 

Reaction of complex 8 with Ph3P. A solution of Ph3P 
(4.8 mg, 0.018 mmol) in 0.2 mL of CDCI 3 was added to a 
suspension of complex 8 (6 nag, 0.009 mmol) in 0.4 mL of 
CDCI 3. A transparent bright-red solution formed immediately. 
The IH NMR spectrum of a sample taken from this solution is 
identical to that described above for complex 7. 
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