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Ausgehend von Benzobarrelen kann durch
Dibromocarben-Addition, (Halogen-Li)-
Austausch und nachfolgende Methylierung,
sowie durch basische Elimination mit ins-
gesamt rund 11% Ausbeute ein zu 3 analo-
ges Methyliden-cyclopropan synthetisiert
werden. Bei der nachfolgenden Gaspha-
senpyrolyse besteht die Hauptreaktion je-
doch in einer formalen intramolekularen
[2+2]}-Cycloaddition der endocyclischen
olefinischen (C=C)-Bindung an dic zentra-
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Dies ist umso iiberraschender, als der (Ha-
logen-Li)-Austausch iiblicherweise vonder
sterisch giinstigeren Seite unter Retention
erfolgt. Eine plausible Erklirung geht da-
hin, dass das zundchst aus 6 gebildete Cy-
clopropyl-carbenoid syn-8 sehr leicht zu
anti-8 isomerisiert. Treibende Kraft konnte
die Wechselwirkung von Li mit den p-
Orbitalen des Benzolrings sein (‘7-Komp-
lex’). Unsere Ergebnisse zeigen, dass so-
wohl bei der Protonierung wie bei der Me-
thylierung das Elektrophil stereoselektiv in
syn-Stellung eintritt. Dies ist nach Stereo-
modellen fiir das raumfiillende Cyclopen-
tenon nicht mehr moglich, welches bei der
Bildung von 9 tatsiichlich von der sterisch
giinstigeren Seite her angreift.
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Weitere MS-Versuche zeigen, dass die To-
nender Masse 102 (C,H,)und 178 (C H, )
mit zunehmender Temperatur auf Kosten
des Molekiilions zunehmen. Interessanter-
weise lehren DADI-MIKES Versuche, dass
beide lonen weder aus dem Molekiilion
noch aus anderen Fragnientionen stammen,
also wahrscheinlich selbst Molekiilionen
sind!

Aufgrund der GC-Retentionszeit sowie der
MS-Fragmentierungen entspricht der Peak
bei £, 27,0 min., welcher einer Verbindung
mit M* 204 zukommt, nicht einem Dimer
von 2, sondern Dibenzobarrelen 5.

Leicht modifizierte, fiir einen priiparativen
Ansatz angepasste Vorschrift nach H.P.
Figeys, A. Dralants, Tetrahedron 1972, 28,
3031.

Durch Aufarbeiten einerkleinen Probe kann
beurteilt werden, wann die Reaktion abzu-
brechen ist. Das (Edukt/Produkt)-Verhiilt-
nis sollte laut H-NMR mindestens 40:60
betragen. ein vollstindiger Umsatz liess
sich nur selten erreichen,

In verschiedenen Ansitzen wurden Aus-
beuten von 39-44% 6 erzielt.
Spektroskopische Daten und Abbildungen
der Spektren vgl. [2].
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Abstract. In aqueous solutions of the mixed crystal compounds with formal composi-
tion Kg[Co, Mo S, (SO) (CN)12] nH,0 (x = 0-2; y = 0-2) i) there are distinct CoS,
Co(SO) and Co(SO) sites and ii) no hetero-metal clusters are present. These results,

revealed by 59C0—NMR could principally not be disclosed by single crystal X-ray
structure analysis. The NMR data also suggest a stable dinuclear cobalt-sulphur cluster

in solution. The relevance for HDS catalysis is discussed.

X-Ray diffraction studies of salts with
the formal composition K4[Co,S;(SO)-
(CN),]-4H,0 (I) [1] and K,[Co,_,
Mo Sz(SO)z(CN)IZ] nH,0 (x=1,n=6: II
(th ) x =2, n=4: 1), containing
cubane type cluster anions, could only be
performed assuming statistical S/SO and/
or Co/Mo site occupations in the relevant
crystals. As shown in the present study,
distinct sites do, however, definitely exist
in solution, and these can be unambigu-
ously distinguished by their ¥*Co-NMR
parameters. The use of °Co-NMR as a
sensitive tool in the study of the solution
chemistry of diamagnetic Co compounds
has been demonstrated earlier [2][3].

The different central units of the cu-
bane-type cluster species 1, 2, and 3 (as
well as a possible product, 4) existing in
aqueous solutions of I, II, and III are
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presented in Fig. 2. There are two Co sites  investigated (285-360 K). Trace C, the
in 2, viz. CoS3(CN)3  (site a) and  spectrum exhibited by a solution of the
CoSiSO)(CN)3  (site b) in the ratio of 1:3.  mixed crystal compound Kg[M05C05S,-

Species 3 contains site band (SO)2(CN) d-4Ho0  (IIN), is essentially
CoS(SO) (CN)3 (site c) in a I: 1 ratio. the same as that of cluster 3. Hence, there
Selected ~9Co-NMR solution spectra of!,  are again individual CO4 clusters (along
Il 'and Illare shown inFig. 3. The data are  with individual MO, clusters) present in
collected in Table I. Chemical shifts  solution (see above). It is reasonable to

8(59Co), relative to [Co(CN)6P- (8 = 0 assume that Co clusters according to 1,2,
ppm), are ca. 3300 ppm and, hence, inthe and 3 are also constituents in the mixed
expected range for COlli in an octahedral crystal compounds I, Il and Ill,and that
environment of 3 CN and 3 S ligands  there are no SO ligands in the MO0y cluster,
([Co(S2CNMe2hl: 8 = 6980 ppm [4]). as in the pure, crystalline sample of
Deshielding  of the 59Co nucleus, when  Ks[MO04SiCN)12HH20.

cyanide is replaced by an S-functional The reason for the promoting effect of
ligand, is in accord with the less pro- Co on MoS,-based HDS catalysts could
nounced strength of the latter in a magne-  not unambiguously be explained until now.  Fig- 1. Determined ‘average’ structure of Ihe

tochemical series of ligand strengths [5], We have characterized earlier the 'pseu-  anions in Il(space groupP42/nme, a=1230.7( 1),
¢ = 1160.4(2) pm; V= 1757.5(4) 106 pm3, Z = 2).

M- M= 3214 pm

a_nd |nd|c_at_|ve of variations in the _Ilggnd- do_-lsostructura! metal-sulphu_r cluster The best refinement of the structure was observed
field splitting as the factor dominating anions [M4SiCN)I2]S- (M = Mo, CO0) o a Mo/Co ratio of 1:3 and an S/O ratio of 4:2;
shielding. [1][8] (the valence states of the metals in R =0.056. Rw =0.036.11 and Illare isomorphous

Trace A inFig. 3, obtained for a solu- the clusters are comparable to those inthe  with KS[C04S3(SO)(CN)12]-4H20  [I].
tion of |, corresponds to the mono-oxi-

dized _CO Clu_ster 2 (Flg_. 2) as main co_mpo- Table 1.59Co-NMR Data in DzO Solution ofl, I, and I11")
nent in a mixture which also contains a
small amount of the dioxidized cluster 3. T-mp./K so olfppm @1 lalive inlen'ltle (1 = I»

The latter is the main component respon-
sible for the set of spectra represented by
traces Band C, measured for solutions of

(IWy2 )/11" for 1h' duo,ter slles)

a~) 1) (t) 111

Il and I1ll, respectively. The low-field
resonance is assigned tq site a, and_the le) 29 DO3 122 179
high-field resonance to site c. The assign- (0.211 1501 11501 I0A) NIf]
ment of site a is based on the fact that a
sharp signal is observed: the point-charge 8} 285 2] 321 ~ 31M 3279
model predicts a vanishing nuclear elec- Ih) Ihrl [2300] thrl
tric field gradient under C, symmetry [6] 208 3305 3236 3181 3:1911
(which is the local symmetry at site @) and, (111190J Il 20) (4)11.-s0l  (0..)InI]
hence, minimized quadrupole broadening
by the 59COnucleus (I =5/2, Q = 0.42 . 320 3155 US| 32.3 3340
10-28m2). The increase of shielding on <ORI 1190) 11- 0 (L7) 19311 (@. 7111201
going from CoSg to CoS»(SO) and further 340 304 331 3271 337H
to COS(SO)2 illustrates that S02- is a (0.19[ 1501 [930J (1.61J7201 (0.7)110201
'stronger'  ligand than S2- and/or more
easily polarizable. 30 ?(?35)5[1701 i;lng kqlz)[510J (331”” 401

The spectral pattern in trace B (solu- ' ' '
tion of Il), at ambient temperatures, is Cs) 298 3~04 3230/3224- 31 | 321\
dominated by the signal due to c (cluster (1.5)Jo,h) Ibr/~hJ (2 RI[1 00] lor]

3), but 2 is still present. An additional
ignal tod , and the signal due
signal due to d appears, a g b See Fig. 3.

to h broadens compared to that in trace A. €  Widths of the resonance line at half-height. br. = broad, sh = shoulder.

As th? temperature ris_es «(f. also _Table 9 & ahandc correspond  to the sites CoS;, CoSiSO), and CoS(S0)2 in the cluster units 1, 2, and
the signal corresponding to d increases 3 in Fig. 2; and d to the Co sites in 4.

mainly at the expense of c. The tempera- C) Solution obtained from | (ef. 2 in Fig. 2).

ture effects are reversible. These observa- f)  Solution obtained from Il (cf Fig. | and 3 in Fig. 2).
tions, along with the irregulartemperature 9 Solution obtained from 1.

gradients of 8(59CQO) (Tahle 2), are indica-

tive of a temperature-dependent  chemical

exchange equilibrium between 2, 3, and a

.
third component represented by the reso-
nance due to d. A possible candidate caus- - '(§t- Jm - ~ .
ing 'd" is the binuclear cluster 4 in Fig. 2. | "b ! ’
a

Since linewidths become smaller with in- /"
creasing temperature, they are still domi- 2 b 3 4
nated by the quadrupole relaxation mech-

anism, and exchange between the various  Fig. 2. Structures of the central units of the cluster species 1, 2, and 3, I0gelher with lhal of
species is slow in the temperature range  [Co2S2(S0J2(CN)618-. Small circles represent Co(CN)}, large circles S sites.

a)  8(59CO)values are quoted relative to a saturated solution of K3[Co(CN)6] in 020.
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CoMoS phase of the catalyst). Our SCCC-
MO calculations [8] have shown that the
electron density at the S-atom in the Co
cluster is much higher than in the Mo one.
Therefore, the Co cluster (but not
[Mo4SiCN)~2]8-) is oxidized in the pres-
ence of air (S - ~ J13-S02-). One possible
influence of Co in the catalyst may arise
from the increase of electron density at the
S- and Mo-atoms, thus improving activa-
tion of H, (see also [Ib]).

A further result of this investigation is
the observation that oxidation of S2- li-

I I I
3300 3200 3100

[ c
Jd bv-

Fig. 3. 85.45 MHz 59Co-NMR spectra ofl

gands within the Co cluster is more pro-
nounced in the presence ofMo species like
those in Il and I1I.

Experimental

59CONMR spectra were obtained on aBruker
AM 360 spectrometer at 85.45 MHz in 10-mm
diameter vials. Sweep width 83 kHz, 16 K data
set, pulse angle 60°, relaxation delay 0.5 s; stand-
ard (external): sat. ag. (DP) Kj3[Co(CN)6]' Sam-
ples were dissolved in ag. (deoxygenated DP)
KCN (ca. 0.1Mm) solns.

360 K

32,00 3L00

(A), Il (B) and 111 (C). The main resonance in trace A is
due to the cluster 2 (if. Fig. 1), the main species responsible for Band C is the cluster 3. &, b, and C

correspond to the sites COS3, COS2(S0O), and CoS(SO>2, respectively, d is tentatively assigned to the

Co sites in the dinuclear cluster 4.

Table 2. Temperature Gradients [ppm/deg] of the Resonance Signals?)

rcmpc wui - orang~ a b [+ d
1.57 161 1.21 0.7~
13 2.1 2.~ 23"
1.95 . 5 1.90 I. O
2.0 1.95 2.00 2.n0

") All resonances shift to low (magnetic) field with an increase in temperature,

with theory [7].

in accordance
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K¢[CO,S iSO )(eN) 123-4Hp (I) was prepared
as described in [1].

K8{C03Mo0SiSOMCN)/2J-6HP m: a)
1625 g (6.24 mmol) of freshly prepared
[NH4h[MoS,)  was dissolved in 35 ml of H,0 and
stirred with 5 ml of conc. aq. HC!. A dark brown
precipitate formed, which was filtered off and
washed with several portions of Hp. b) 525 g
(18.68 mmol) of CoSO0,-7Hp  was dissolved in
55 ml of H20 and treated with 40 m1of 25% aq.
NH,; immediately followed by passage of H,S
through the soln., again producing a dark brown
precipitate, which was washed with several por-
tions of H,0. c) The combined precipitates were
suspended in 50 ml of HoO containing 159 (0.23
mol) of KCN and heated to 80-90° for 10 min.
The greenish brown soln. thus obtained was al-
lowed to stand in a 100 ml Erlenmeyer flask
(wide-necked, covered with a watch glass) on a
hot-plate at 65-70° for 8-10 d. During this time,
dark brown crystals of Il precipitated. These
were filtered off the hot soln., and washed with
33% ag. ethanol. From the mother liquor, addi-
tional material could be isolated. For single-
crystal X-ray data see legend to Fig. 1.

Ks/C02MO02SiSO  JiCN)/2J-4HP  (111): Pre-
pared as described for Il, but using 12.48 mmol
of [NH,N [MoS, and 12.45 mmol of CoSO,
7Hp. Single-crystal X-ray data for Ill: space
group Pdinmc, a = 1230.0(2), ¢ = 1157.8(2) pm,
V= 1751.6(6)'106 pm3,Z =2; refinement for Mol
Co = 2:2, S/O = 4:2; R = 0.068, Rw = 0 039.

The accuracy of the determination of the
contents of SO-oxygen and water of crystalliza-
tion in 1l and 111 was limited by disorder prob-
lems. An elemental analysis for all elements
expected was performed, and confirmed a ratio
Mo/Co = 1:3in Il and Mo/Co = 2:2 in Ill.

Recei ved: May 12~1992
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