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Abstract

Photolysis of the tetraruthenaborane butterfly cluster HRu,(CO),,BH, with 1-phenyl-1-propyne
yields the cluster product HRu 4(CO),, B(H)C(Ph)CMeH. Interestingly, 1-phenyl-2,3-dimethylazulene has
also been isolated from the reaction mixture. The formation of this substituted azulene is an example of a
novel cyclodimerisation of the alkyne. The crystal structure of 1-phenyl-2,3-dimethylazulene has been
determined.

Recently we reported that HRu ,(CO),,BH,, [1,2] 1, reacts with PhC=CPh under
photolytic conditions to give HRu ,(CO),, B(H)C(Ph)CHPh in which the alkyne has
inserted into one Ru . .—Ruy... bond of the Ru,butterfly framework of the
metalloborane cluster [3]. The reaction (Scheme 1) was of interest not only because
it achieved boron—carbon bond formation while retaining four ruthenium-boron
bonding interactions, but also because the nature of the product was significantly
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Fig. 1. Proposed structure for HRu 4(CO),B(HY(CPh)CMeH, 2.

different from that observed in the reactions of PhC=CPh with the carbide and
nitride clusters, H,Ru ,(CO),,C [4] and [HRu ,(CO),,N]~ [5]. These clusters are
isoelectronic with 1. In extending our investigation of the reactivity of 1 with
alkynes, we have observed a novel coupling of two moles of PhC=CMe to yield a
substituted azulene.
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In a typical reaction, 1-phenyl-1-propyne (0.10 ml, 0.8 mmol) was combined with
1 (0.06 g, 0.08 mmol) in a mixture of CH,Cl, (1.0 ml) and CD,Cl, (0.5 ml) and the
solution was photolysed in a quartz tube for 15 h. Analysis of the crude reaction
mixture by "B NMR spectroscopy showed the presence of unreacted 1 (8§ +109.9)
and only one other signal, a doublet at § +95.5 (J(BH)=70 Hz). This was
assigned to HRu ,(CO),,B(H)YC(Ph)CMeH, 2, (Fig. 1) on the basis of mass spectral
data and similarities between its spectroscopic data [6*] and those of the crystallo-
graphically characterised HRu 4,(CO),,B(HYC(Ph)CPhH [3]. The orientation of the
alkyne fragment and the formation of a B-Cyp, rather than a B-C,,. interaction
(and, consequently, the formation of a CMeH rather than CPhH unit) is deduced
from (i) the chemical shift of the methine proton (6 4.15 in 2 compared to 5.04 in
HRu 4(CO),, B(H)C(Ph)CPhH [3] and 5.15 in HRu ,(CO),,CC(Ph)CPhH [4] and (ii)
the value of the coupling constant between the methyl and methine protons [7).
'H-'H correlation spectroscopy was used to confirm the assignments of the methine
and methyl resonances. The yield of 2 (= 10%), was less than that of
HRu ,(CO),,B(H)YC(Ph)CPhH (60% under similar conditions). Separation of the
reaction mixture by TLC eluting with hexanes yielded three bands: first, yellow 1,
second, orange 2, and third, a bright blue fraction identified as 1-phenyl-2,3-dimeth-
ylazulene, 3 [8*]. The formation of this isomer, rather than 1,3-dimethyl-2-phenyl-
azulene, has been confirmed by X-ray analysis [9*] but is also apparent from the H

* Reference number with asterisk indicates a note in the list of references.
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Fig. 2. Molecular structure and labelling scheme for 3: C(1)-C(2) =1.397(11), C(1)-C(9) =1.358(12),
C(2)-C(3) =1.379(12), C(3)-C(10) =1.431(13), C(9-C(10) =1.535(10),C(4)-C(10) =1.360(14), C(4)-
C(5) = 1.39°0(15), C(5)-C(6) =1.367(13), C(6)-C(7) =1.389(12), C(7)-C(8) =1.431(13), C(8)-C(9) =
1.385(12) A.

NMR spectrum of 3. Each proton attached to the seven-membered ring of 1-phenyl-
2,3-dimethylazulene is unique whereas in 1,3-dimethyl-2-phenylazulene, there are
only three environments. The region between &8 8.5 and 6.5 in the 'H NMR
spectrum of 3 consists of two doublets and two apparent triplets in addition to a
multiplet in the typical region for phenyl resonances. Integration of this region
implies that the resonance for one the ring protons is masked by those of the phenyl
substituent.
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A crystal of 3 of X-ray quality was grown from hexane at —20°C and the
molecular structure is shown in Fig. 2. The geometrical parameters that define the
bicyclic framework in 3 are similar to those in azulene [10,11] and 2-phenylazulene
[12] but in both these molecules, the structures were disordered. The distance of
1.535(10) A for the transannular interaction C(9)-C(10) is indicative of a single
bond whereas other intra-ring distances are consistent with a conjugated system.
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There are no significant deviations from planarity for the atoms which make up the
bicyclic system. The plane of the phenyl ring lies at 55.1° with respect to the plane
of the azulene rings.

Compound 3 is formally a dimer of PhC=CMe [13*] but one in which one C-C
bond of a phenyl ring has been activated allowing ring expansion to give a
seven-membered ring. One mole PhC=CMe is identified as forming part of the
five-membered ring. Precedent for this type of self-assembly comes from the
formation of 1,2,3-triphenylazulene from PhC=CPh in the presence of AICl, and
2,4-dinitrobenzenesulfenyl chloride [14,15]. Interestingly, we do not observe the
formation of 1,2,3-triphenylazulene during the reaction of PhC=CPh with 1. Other
cyclodimerisation reactions have been observed in the presence of transition metal
species [16], but the formation of a substituted azulene under the specified condi-
tions would appear to be a novel observation. The yield in which 3 is obtained is,
however, variable (1 to 10% yield) and this fact has prompted us to examine the
reaction more closely. Test reactions show that 3 is formed in trace amounts simply
by photolysing PhC=CMe alone in CH,Cl, or in the presence of other ruthenaborane
based clusters, namely Ru;(CO)¢BH; and HRu;(CO),B,Hs. Further studies on
this and related systems are in progress.
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