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Reaction of 1,8-l~is(trimetl~ylsilyl)-ci.s,cis-3,5-octadiene-l.‘7-diyne with 
COCOS gives q4-1,2-bis( trimethylsilyl)benzocyclol~utadiene-~~5-cyclopenta- 
dienylcobalt. Desilylation with fluoride.results in the parent compound, the 
first known benzocyclobutadiene sandwich complex. NMR analysis provides 
evidence for diatropic character of the complesed as opposed to the free 
&and. 

We have recently reported [l] that gas phase thermolysis of dienediyne (I) 
results in clean rearrangement to 1,2-bis(trimethylsilyl)benzocyclobutadiene 

(II) in which the paratropic character [2] of the planar 8 n-electron cyclobuta- 
dienoid framework expresses itself in unusually shielded benzenic absorptions 
when compared with suitable model compounds (c-f. the 1,2-dihydro derivative). 
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Since II represents t.he first isolable l~enzouyclol,utnclielle cuntriillill~ pUItOlX 

directly bound to the n-periphery which can IW used in the XAIR experiment as 
a probe for the size and sign of a possible ring current we decided to investigate 
the effect of transit.ion metal complesat.ion on its physical properties. 

According to the De~~~~-Chatt-Duncallsoll model [ 31 interaction of II wit11 
a suitable metal should lead to an increased IIO?VIO-LU~~IO gnp and thus it 

decreased paramagnetic cont.ribut.ion to t.he ring current in the antiaromatic 
ligand [4]. Moreover, not only should t.he lat.ter become more diatropic on 
complesation but the relative ordering of the chemical shifts of the benzenic 
protons might reverse since the system should now show naphthalenoicl magnetic 
behavior with relat.ively low fieId a-protons rather than cyclobutadielioid 
character [ 21. 

Addit.ion of an equimolar solution of I [ 51 and CpCo(CO), in n-octane to 
reflusing n-octane using a syringe pump (70 Ii) gave after chromatographic 
purification on alumina and crystallization brown-red air stable needles of III 
(4%). The structural assignment was based on the spectral and analytical data, 
and conversion to the parent compound (IV). The ‘H N&IR spectrum depicted 
a characteristic AA’BB’ pattern for the benzenic protons (7(C,D,) 3.00, 3.3s): 
a sharp Cp-signal (T 5.51), and the trimethylsilyl peak (7 9.72). 13C NMR absorp- 
tions (C,D,) at 6 0.72, 60.5, 79.2, 94.3, 124.8, and 125.4 are consistent with 
the assigned structure. The two quaternary carbons (6 60.5, 94.3) were readily 
identified by their relatively low intensity and the higher field signal assigned 
to the silylated position by comparison with the corresponding absorption 
(6 51.3, vide infra) for the desilylated system (IV). The down-field shift observed 
on silylation of an .$-hybridized carbon (e.g. comparing IV with III) is of the 
same order of magnitude as in other molecules [S]. The comparatively low field 
position of the other quaternary carbon is typical of cyclobutadienoid carbons 
at the fusion to a benzene ring 191. The mass sp&xum had a parent ion at nz/e 
370 with major fragmentation peaks at 355 (M’ -. CH,) and 73 (--Si(CH,),)_ 
Unlike cyclobutadiene cyclopentadienylcobalt sandwich complexes [ 6 J re tro- 
(2 + 2) cycloadditions of the four ring in III to provide CpCo(alkyne)’ fragments 
appear to be relatively disfavored on electron impact as evidenced by a 
small m/e 200 (CpCoC,H,) peak. The free ligand is not observed. For the mass 
spectra of benzocyclobutadieneiron carbonyl derivatives, see ref. 7. 

Complexes of $-cyclopentadienylcobalt with dimeric and oligomeric deri- 
vatives of I constituted the major byproducts of the reaction of I with CpCo- 
(CO), as evidenced by prehminary spectral analysis (NMR, m/e). When purifi- 

cation of III on silica gel was attempted, in addition to decomposition slow 
desilylation took place leading to a misture of III, IV, and monosilylated 
material. The ‘H NMR spectrum of this misture revealed the expected two 
Cp singlets (7(CC14) 5.55, 5.57), two cyclobutadiene peaks (T 6.03, 6.13) and 
two trimethylsilyl absorptions (Q- 9.77, 9.82). The mass spectrum displayed 
the appropriate molecular ions. Attempted protodesilylation of III with trifluoro- 

acetic acid led to decomposition. For the protodesilylation of trimethylsilyl- 
cyclobutadienecyclopentadienylcobalt complexes, see ref. 10. 

The parent system IV was synthesized by heating complex III in DN30 with 
tetrarnethylammonium fIuoride trihydrate to 70°C for 24 h and following the 

progress of the reaction by TLC. Chromatography on neutral alumina gave 66~~ 
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of the hrorr*n-red comples IV in the form of needles. The ‘I-1 NklR spectrum 
revealed an _-L-I’BB pattern (r(C!,D,) 2.96, 3.37) for t.he benzenic portion of the 
molecu!e, a Cp singlet (7 5.401, and a cyclobutadiene absorption (6.04). The 
latter appears as a broadened singlet indicating a small coupling to the H(3) 
protons on the sis ring. This broadening is also observed in the low-field 
portion of the AA’BB’ pattern which allows the assignment of this absorption 
to H(3). Only four (of the five possible) lines were detected in the 13C NMR 
spectrum for all but the quaternary carbons (6(&D,) 51.3, 79.0, 124.2, 128.7). 
The mass spectrum showed the anticipated parent ion jnz/e 226) and fragmen- 
tation peaks indicating loss of acetylene and free ligand [ ‘7 J_ Complexes III 
and IV constitute the first sanwich complexes ihvolving benzocyclobutadienes 
as ligands. CpFe(CO)z-benzocyclobutadiene complexes in which the benzo- _ 
cyclobutadiene ligand is bound only in mono- and di-lzngto-fashion are described 
in ref. Il. 

The ‘H chemical shifts for II, III, and IV in various solvents are compared in 
Table 1. Inspection of the data results in the following conclusions: (a) solvent 
effects on the proton chemica1 shifts in the subsknces investigated appear 
negligible; (b) there is practicaIIy no substituent effect of the trimethylsilyl 
groups on the chemical shift of the remaining protons; (c) the proton absorp- 
tions at the benzenic locations suffer a dramatic down-field shift when going 
from 11 to III/IV, an effect that is particularly striking at the cu-position (H(3)). 
These observations are most readily explained by postulating a pronounced 
reduction of the paramagnetic ring current contribution to the chemical 
shifts of II on complesation as might be expected on theoretical considera- 
tions [3,4]. The relatively high-field shifted H(3) protons in II ow their shield- 
ing to the close proximity to the cycIobutadienoid four-ring [2]. When the 
latter is complexed to cobalt the cyclobutadienoid character is removed and 
an “aromatic” system with relatively low lying HOMO’s and high lying LUMO’s 
is produced. The H(3) protons now lie closer to what has become a diatropic 
ring experiencing a relatively large down-field shift when compared with H(4). 
This effect is analogous to that observed in the NMR spectra of polycyclic 
benzenoid hydrocarbons (e.g. naphthalene) where atoms in the vicinity of other 
benzene rings esperience increased deshielding. Finally, an alternative explana- 
tion for the observed NMR behavior based on anisotropy effects around the 
metal appears unlikely since, if anything, one might expect those to cause 
shielding rather than deshielding of the atoms located in the region of space 
occupied by the H(3) protons. For example, both exo and endo protons in 

T-ABLE 1 

CHEMICAL SHIFTS OF BENZOCYCLOBUTADIENE SYSTEMS (7) 

Compound H(1) H(3 1 H(4) MqSi CP Solvent 

II111 

III 

IV 

- 
- 
- 

- 

- 

6.04 
-- 

4.37 3.80 9.82 - CC14 
4.25 3.70 9.81 - CD3CN 
4.25 3.63 9.85 Toluene-dg 

3.10 3.43 9.86 5.57 CC14 

3.00 3.38 9.72 5.51 C6D6 

2.96 3.37 - 5.40 CbD6 
----~-I~-.~-.-___...-^_- -__ 
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r?J-uyclopent.actieIle- and 7~J-cyclol~csndiet~~~-cyclopcntaclit~nyl~0balt ~ornplc~st~s 
are shifted to higher field when compared xvith the unconiplesecl ligand [12]. 
According to models the region in space occupied by H( 3) in III/IV is located 
approximately inbetween the area occupied by the respective (>so/ct1c10 protons 
of the cyclohesadiene complexes. alt.hough H(3 j is further removed from the 
metal. Thus, it appears that without the anisotropy of the cobalt! H(3) might 
be found at even lower fields. Inspection of the literature reveals that the mono- 
nuclear CpCo unit has a generally shielding effect on protdns in l;ts vicinity, at 
least in coorclinativelg saturated complexes. This applies also to directly bound 
alkyl groups 1131. This situation is more complcs with other transition metals 
where shielding and deshielding areas of space are to be found around the 
metal nucleus. 

Experimental 

General 

Melting points were determined on a Thomas-Hoover Unimelt apparatus and 
are uncorrected_ ‘H NMR spectra were recorded on a Varian-T-60 NMR spectrom- 
eter, 13C NMR spectra were recorded on a Nicolet Technology Corporation 
Fourier transform instrument_ Chemical shifts are reported relative to tetra- 
methylsilane as an internal standard_ IR spectra were obtained with a Perkin--- 

Elmer Model 337 spectrometer and are reported as v,,, values (cm-‘). Mass 
spectra and elemental analyses were provic&d by the hqass Spectral Service and 
the Microanalytical Laboratory, respectively, of the University of California, 
Berkeley, California. 

Solvents used were thoroughly purged with dry, oxygen-free nitrogen. All 
reactions and transfers of cobalt complexes were carried out under an atmos- 
phere of nitrogen. Column chromatography was carried out with Woelm neutral 
alumina (activity grade III) in the absence of air. Vacuum line operations were 
carried out on a high vacuum, multiple line apparatus. 

~4-~,2-Bis(trimethylsilyl)benzocyclobutadiene-~‘-cycloperztadieizylcobalt, III 

An n-octane solution (16.5 ml) of 1,8-bis(trimethylsilyl)-cis,cis-3,5octadiene- 
1,7-diyne (I) (0.50 g, 2.04 mmol, 1.0 equivalent) and $-cyclopentadienyldi- 
carbonylcobalt (0.40 g, 2.24 mmol, 1.1 equivalent) was added to reflusing 
n-octane (30 ml) under an atmosphere of nitrogen_ The addition time (syringe 
pump) was 70 h. Vacuum transfer of the solvent left the crude product as a 
brown oil which was chromatographed on neutral alumina (75 g, hesane)_ The 
product was then vacuum microdistilled to yield a bright, brownish-red oil, 
b.p. 4O”C/O.O1 torr. Pure III was crystallized from methanol/water to yield 
brownish-red needles (0.36 g, 0.97 mmol, 47.7%): m-p. 58.5”C; ‘H NMR (benzene- 
d6): T 3.00 (AA’, m, 2 H), 3.38 (BB’, m, 2 H). 5.51 (s, 5 H), 9.72 (s, 18 H); 
13C NMR (benzene-d,): 6 0.72, 60.5, 79.2, 94.3,124.8,128.4; IR (KBr): 3030, 
2950, 1240,845,720 cm-‘; m/e (% rel. intensity): 370 (W, 100): 355 (24), 
341 (2), 297 (8), 231 (9), 200 (7), 155 (28), 124 (lo), 73 (73). High resolution 
m/e: Found: 370.0981; calcd. for C19H27CoSiZ: 370.0983. Anal. Found: C, 
61.64; H, 7.39; Co, 16.2. c&d. for C,gH,,CoSiz: C, 61.59; H, 7.34; Co, 15.90%. 
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7f-Bcrlzoc~clobri tadiene-q’-cycloperz taclienylcobalt, IV 

_A solution of III (0.075 g, 0.203 mmol, 1.0 equivalent) and tetramethylam- 
monium fluoride trihydrate (0.077 g, 0.52 mmol, 2.5 equivalents) in DMSO 
(2.5 ml) was stirred magnetically and warmed to 70°C under an atmosphere of 
nitrogen. The reaction was followed by analytical thin-layer chromatography 
(hlerck A1,OJ GF-254 type 60/E, hesane), and reached completion after 24 h. 
The product was extracted with hesane, and t.he‘hexane washed repeatedly with 
water to &move any traces of DMSO. The hex&e solution was dried (MgSOA) 
and the solvent removed by vacuum transfer_ The brown oil which resulted was 
chromatographed on neutral alumina (3.0 g, petroleum ether 30-60°C). The 
product was then vacuum microdistilled to yield a bright, brownish-red oil, 
b-p. 25”C/O.O1 torr. The cdmples IV was then crystallized from petroleum 
ether at -65°C to yield brownish-red needles (30.3 mg, 0.134 mmol, 66.0%); 
m-p. 56.5”C; ‘H NMR (benzene-cI,j; 5 2.96 (AA', m, 2 Hj, 3.37 (BB’, m, 2 H), 
5.40 (s, 5 H), 6.04 (s, 2 H); 13C NMR (benzene-d6): F 51.3, 79.0,124.2, 128.7; 
IR (KBr): 3040,1370,1335,1290,1240,1190,1125,1005,975,820,810, 
715 cm-‘; m/e (R rel. intensity): 226 (M’, loo), 200 (i4), 187 (lo), 174 (7), 
165 (69), 141 (42), 124 (27), 102 (7), 59 (48). High resolution in/e: Found: 
226.0190; calcd. for CL3H, ,Co: 226.0192. Anal. Found: C, 69.32; H, 5.05. 
Calcd. for C,,H, ,Co: C, 69.04; H, 4.90% 
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