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Summary 

Long wavelength photolysis of OSCAR and MeOzCCCCOzMe (DMAD) 
in benzene gives, as isolable products, Os,(CO),(~-q’ ,r)’ -DMAD) (4a) and 
Osz(CO),(DMAD), (5). Structural work confirms the diosmacyclobutene 
arrangement in 4a and reveals a unique coupling of alkynes in 5. The poten- 
tially more general thermal reaction between preformed diosmacyclobutane 
and alkynes gives improved yields of 4a and allows the isolation, albeit in low 
yield, of OS,(CO)~(~-~~ ,ql -CF3CCCF3) (4b). 

The thermal reactivity of OSAKA (l), towards alkenes and alkynes has 
been extensively investigated and has led to a great variety of Os-containing 
organometallic compounds [ 11. However, the photochemical behaviour of 1 
towards unsaturated substrates remains a largely neglected field of research [ 21. 
A recent report by us [ 31 gave evidence for facile photochemical declus- 
terification of 1 in the presence of alkenes resulting in the unprecedented 
formation of saturated 1,2diosmacyclobutanes, OS,(CO)~(C(-~~ ,nl -CH,CHR) 
(R = COzMe, 3a; R = H, 3b). Consonant with the outcome of the reaction is 
the involvement of an unsaturated Osz(CO), fragment which is rapidly scav- 
enged by alkene [4] . In this light, it was of interest to carry out the photo- 
lysis of 1 with a variety of alkynes. At the same time, the thermal activation 
of compounds 3 towards alkynes was also explored as an alternate approach 
to unsaturated diosmacycles. The preliminary results of both studies are 
reported herein. 

Irradiation [5] of 1 in the presence of a 15-fold excess of dimethylacetylene 
dicarboxylate, DMAD, results in the total consumption of 1, and the forma- 
tion of a mixture of compounds. Because of separation difficulties, only two 
Oscontaining compounds, OS~(CO)~(~-~~ ,nl -C(C02CHJ)C(C02CHJ)) (4a) 
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Fig. 1. Perspective view of Os,(CO),(pql ,q’-C(CO,CH,)C(CO,CH,)) (40). Atoms are represented by 
thermal ellipsoids at the 60% probability level. Selected bond distances (A): OS-OS’ 2.8976(l), 
OS--C(~) 2.198(6). C(6)-C(6)’ 1.88(l). Selected bond angles (deg): Os-Os’--C(6) 68.8(2). OS-C(~)- 
C(6)’ 111.2(2). (Primed atoms are related to unmarked atoms by the two-fold symmetry axis). 

and OS,(CO),(DMAD)~ (5), form in lO--15% yield each [6]. Spectroscopic 
and analytical data [7] are consistent with the formulation of 4a as the DMAD 
analogue of 3. An X-ray structure determination [8] confirmed the diosma- 
cyclobutene arrangement and the results are shown in Fig. 1. The C-C bond 
length (1.33(l) A) is that of a typical double bond. The Os-C(5) distances 
(2.138( 5) A) are single bond values [ 91, but are shorter than in the saturated 
diosmacycle, 3a [ 31. Unexpectedly the OS-OS bond distance in 4a 
(23975(l) A) is longer than that found in 3a (2.8850(5) A), and presumably 
reflects the overlap requirements of the sp2 hybridized carbon atoms, C(5) 
and C(5’), in 4a as compared to sp3 hybridization in 3a. As a result, the four- 
membered ring in 4a is less puckered (average twist angle about OS-OS bond 
6”) than in 3a (average twist angle 21”). 

Although spectroscopic and analytical data on compound 5 [lo] were 
consistent with a molecular formulation of OS~(CO)~(DMAD)~ an unambig- 
uous molecular structure for the compound could not be secured. X-ray 
quality crystals of 5 were obtained by slow evaporation of a methanol solution, 
and an X-ray analysis was undertaken [ll] . A perspective view (Fig. 2) of the 
molecule reveals an unexpected arrangement of alkyne units. This arrange- 
ment can be viewed as arising from the condensation of two tricarbonylosma- 
cyclopentadiene fragments by means of a [2+2] cycloaddition. End-on co- 
ordination of an oxygen atom from a carboxylate moiety on an adjacent 
osmacyclopentene ring completes the electronic requirements of each osmium 
center. Coordination of the carboxylate oxygen is evidenced by the lengthen- 
ing of the C=O bond distance (average of 1.244(7) versus 1.189(7) A for the 
unbound C=O moiety) and by the appearance of a low frequency C=O stretch- 
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Fig. 2. Perspective view of Osl(CO),(DMAD), (6). Atoms are represented by thermal ellipsoids at the 
20% probability level. For clarity some of the COOMe groups have been replaced by R. Selected average 
bond lengths (A): OS-C(~) 2.101(S), Os-C(ll) 2.166(S), Os-O(lO)” 2.132(5), C(14)-0(10) 1.244(7), 
C-O (unbound) 1.189(7), C(4)-C(7) 1.360(8). C(7)-C(lO) 1.490(7). C(lO-C(ll) 1.678(7), C(lO- 
C(11)” 1.592(8). Selected average bond angles (deg): C(4)-Os--C)ll) 79;8(2). C(ll)-Os~(lO)” 
80.0(2). OS”-O(lO)-C(14) 1X.8(4). C(lO)-C(ll)-C(lO)” 90.7(4). C(11)-C(1O)-_c(11)” 89.3(4) 
(” indicates an atom cent.rosymmetricaUy related to the unprimed atom of the same name). 

ing absorption at 1601 cm- ’ . It is noteworthy that the photolysis of 
RUDER in the presence of DMAD gives the ruthenium analogue of 5 in 50% 
isolated yield [ 121. No indication for the formation of diruthenacyclobutene 
was seen. The mode of coupling of alkynes between two metal center8 giving 
rise to 5 appears to be unprecedented, In the work of Knox [ 131 and Green 
[14] sequential addition of alkynes to dimetallic compounds results in linear 
polyenyl subunits with each end attached to intact metal-metal bonded 
fragments. 

The outcome of the photoreaction depends greatly on the nature of the 
alkyne. Irradiation of 1 in the presence of diphenylacetylene (DPA) gave 
mostly tricarbonyl( tetraphenylcyclopentadienone)osmium (6) [ 151, 
minor amounts of OS~(CO),(DPA)~ (7) [ 161 and an as yet unidentified OS- 
mium tricarbonyl containing product. The reaction of bis(trimethylsilyl)- 
acetylene resulted in the recovery of most of the starting materials, even after 
prolonged photolysis (t > 90 h), as did the reaction with hexafluorobutyne. 

The relatively low yields in the ca8e of DMAD and the lack of consistency 
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with the various other alkynes in the photolyses of 1 led us to explore other 
synthetic routes to diosmacyclobutene complexes. Heating 3a or 3b to near 
reflux in toluene with excess DMAD results in their conversion to 4a in 47 
and 13% isolated yields, respectively [ 171. The thermal reaction of 3a with ex- 
cess HFB in a Carius tube also allowed the isolation of OS~(CO)~(~-~~ ,q’ - 
CF3CCCFJ) [18] (4b), albeit in low and nonreproducible yields (isolated 
yields varied from almost nothing to 19% in three separate experiments). 
Interestingly, two isomeric tetrakis(trifluoromethyl)(carbomethoxy)cyclo- 
hexadiene tricarbonylosmium compounds are also formed in this reaction. 

The scope of the thermal reaction and other more specific routes for dios- 
macyclobutenes are being investigated especially in view of the fact that con- 
trary to the diosmacyclobutanes, 4a and 4b are thermally stable and 4a 
maintains the dinuclear framework intact during carbonyl substitution [ 191 
and presages a rich derivative chemistry. 
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