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Endohedral metallocenophanes of cobalt and rhodium were prepared using thermolysis of cyclopentadienylmetaldicarbonyl complexes bearing
two alkyne units. In the case of the rhodium cyclopentadienonophanes, the structures of two isomeric complexes were confirmed by X-ray
diffraction analysis.

In [n.n]cyclophanes; 3 at least two cyclic conjugated There are various procedures described in the literature
m-systems face each other forced by at least two bridges,for creating endohedral metallocenophanes: either by react-
such as hydrocarbon chains, creating a cage structure withng metal atoms or metal ions with the appropriate cyclo-
an inside and outside face. This arrangement allows two waysphanes (route a in Schemé2pr by building the tethers on

for binding a metal atom or metal fragment to thesys- a metallocene (route b in Scheme’Becently, we pointed
tems: inside the cage (endohedral, A) or outside the cageout a third path (route ¢ in Scheme 2) by using a template
(exohedral, B) as shown in Schemé Endohedral metal-  synthesis to generate one of thesystems. This seems to
locenes deserve special interest because the hydrocarbon ca
is able to stabilize low oxidation states of the incorporated
metals. This has been demonstrated by complexing Ga(l) Scheme 1

and Ge(ll) in [2.2.2]paracyclophafie. MLy
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aReagents: (a) CIMg(Chh+2-t-Bu, THF; (b) CIMg(CH)n+2
t-Bu, THF; (c) n-BuLi, THF, —40 °C.

of the cyclophanes is unstable without complexation such
as cyclobutadiene or cyclopentadienone. In this paper, we

report the first examples of endohedral complexed cyclo- 9enerate the cyclopentadienylcobalt dicarbonyl complexes
phanes with one cyclopentadienone ring. 4a and 4b (Scheme 4§° Thermolysis of4a in decalin at

To synthesize the cyclopentadienone system, we made use
of the metal-supported [Z 2 + 1] cycloaddition of two
alkyne units and one CO grodps metals we used cobalt
and rhodium, following earlier work by others on CpCo-
(CO) and CpRh(COY**** To generate the cyclopentadi- , . _a _
enone ring systems, we used thermal conditions that were™ tBu
successful recently to generate tricyclic cyclopentadienones
from cyclic alkynes:#

Our syntheses start similarly to those reported recently for
endohedral complexed cyclophanes with a cyclobutadiene
ring.8 They commence with the 2-fold substituted cyclopen-
tadiene system (Scheme 3) that could be synthesized in two
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steps from 3-ethoxycyclopent-2-en-1-o1g &ndw-chloro-
alkynes. Treatment of the cyclopentadienes withutyl-

lithium generated the corresponding cyclopentadienyllithium
salts3. These cyclopentadienyl anions were complexed by

metal dicarbonyl fragments.

In the case of the cobalt complexes, the reaction of the

deprotonated cyclopentadienes with Co(glRwas used to
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aReagents: (a) GECO)/l,, THF (60—65%); (b) decalin, 190
°C (2-10%).

190°C gave on€C;-symmetric cyclopentadienone complex
(5a0r 6a) in 10% yield as a red ol On the basis of the
spectroscopic data, a differentiation 6& and 6a is not
possible. Treatment ofb under the same conditions gave
an equimolar mixture obb and 6b in 2% overall yield’
The synthesis of the rhodium complexes (Scheme 5)
started with the generation of the dicarbonyl complesy

(15) Analytical Data for 4a: 'H NMR (500 MHz, GDe) 6 1.24 (s, 18H),
1.46—1.52 (q, 4H), 2.032.08 (m, 8H), 4.48 (s, 2H), 4.61 (s, 1H)C
NMR (125 MHz, GDg) 6 18.7 (CH), 27.4 (CH), 27.6 (C), 30.3 (Ch),
31.6 (Ch), 78.1 (C), 83, 6 (CH), 85.6 (CH), 90.0 (C), 105.4 (Bhalytical
Data for 4b: *H NMR (300 MHz, GDg) ¢ 1.22 (s, 18H), 1.291.43 (m,
6H), 1.85—1.90 (m, 4H), 1.99—2.04 (m, 6H), 4.49 (2H), 4.61 (1Hg
NMR (75 MHz, GDe¢) 6 18.8 (C), 27.6 (C), 27.9 (Chl, 29.1 (Ch), 30.0
(CHy), 31.6 (ChH), 78.4 (C), 83.4 (CH), 85.4 (CH), 89.4 (C), 105.9 (C).
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aReagents: (a) [RhCI(C@}, THF, 20°C (58%); (b) cyclooc-
tane, 160°C (10%).

stirring the cyclopentadienyllithium saBa with [RhCI-
(CO)]2 in THF. Purification by flash column chromatogra-
phy yielded dicarbony¥ as a yellow oil in 58% yield®

Thermolysis of7 in cyclooctane (160) gave a mixture

of three diastereomeric cyclopentadienone complexes in 10%

overall yield. *H NMR and *C NMR data showed the
presence of oneC;-symmetric complex8 and two Cs
symmetric complexe® and 10.1°2°

Single crystals suitable for X-ray diffraction analysis of

two of the three isomers, namedyand9, could be obtained
from a solution inn-hexane at £C. To the best of our

knowledge these crystal structures represent the first reported,

complexes. In both structures, the cyclopentadienyl ring is
bound#® to the rhodium atom and the cyclopentadienone
ring in *-fashion. This can also be observed in & NMR
spectrum: The cyclopentadienyl carbon atoms and four
carbon atoms of the cyclopentadienone ring show rhoeium
carbon coupling, whereas the carbonyl carbon does not.

The crystal structure of th&€;-symmetric complex3
(Figure 1) shows very short RIC distances, resulting from

Figure 1. ORTEP drawing of8 (50% probability thermal el-
lipsoids).

the strain that is imposed by the two propylene bridges. The
average Rh—C distance for the cyclopentadienyl ligand is
2.156 A and for the cyclopentadienone unit 2.118'Ahe
strain leads to a bent cyclopentadiene ring. The ring systems
are nearly parallel; the interplanar angle is 4.5°.

The carbon skeleton d® is less strained, resulting in
slightly longer Rh-C distances compared & The average

(18) Analytical Data for 7: IH NMR (300 MHz, CDC}) 6 1.18 (s, 18H),
18 (m, 8H), 2.35 (t, 4H), 5.28 (s, 2H), 5.41 (s, 1H), 5.80 (s, 1A}

structures of cyclopentadienylrhodium cyclopentadienone NMR (75 MHz, CDCE) ¢ 18.49 (CH), 27.31 (CH), 27.47 (C), 29.25

(16) Analytical Data for 5a or 6a: 'H NMR (500 MHz, CDxCly) &
1.34 (s, 9H), 1.40 (s, 9H), 1.781..83 (br, 2H), 1.95-2.26 (br, 8H), 2.34
2.37 (br, 2H), 4.63 (s, 1H), 4.73 (s, 1H), 4.94 (s, 1HE NMR (125 MHz,
CD.Cly) ¢ 21.46 (CH), 22.87 (CH), 23.45 (CH), 23.70 (CH), 30.62
(CHs), 32.87 (CH), 33.26 (C), 33.56 (C), 37.88 (Gl 41.39 (CH), 75.64
(C), 80.59 (CH), 83.03 (C), 83.83 (CH), 85.97 (CH), 92.72 (C), 93.94 (C),
98.41 (C), 109.70 (C), 157.47 (CO); HRMS (FAt} calcd for G4Hz40Co
(M + H) 397.1942, found 397.1935.

(17) Analytic Data for 5b and 6b: 'H NMR (500 MHz, CDQCly) &
1.42 (s, 18H), 1.49 (s, 18H), 1.52.77 (br, 32H), 4.61 (s, 1H), 4.69 (s,
1H), 4.86 (s, 1H), 4.95 (s, 1H), 5.05 (s, 1H), 5.14 (s, 1HE NMR (125
MHz, CD,Cly) 6 24.14 (CH), 24.57 (CH), 25.12 (CH}), 25.31 (CH), 25.57
(CHy), 26.24 (CH), 26.47 (CH), 26.62 (CH), 26.73 (CH), 26.98 (CH),
27.44 (CH), 29.03 (CH), 30.04 (CH), 30.68 (CH), 31.41 (CH), 32.06
(CHga), 33.23 (CH), 33.95 (CH), 34.01 (C), 34.14 (C), 34.23 (C), 34.30
(C), 70.96 (C), 77.73 (CH), 78.27 (CH), 79.45 (CH), 80.10 (CH), 81.34
(C), 83.07 (CH), 86.10 (CH), 87.56 (C), 88.52 (C), 90.97 (C), 93.60 (C),
97.23 (C), 97.75 (C), 98.16 (C), 99.93 (C), 100.74 (C), 103.26 (C), 159.87
(CO), 162.60 (CO); HRMS (FAB+) calcd for &H3s0Co (M + H)
425.2254, found 425.2237.
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(CHy), 31.53 (CH), 78.58 (C), 86.35 (CHJrnc = 15 Hz), 89.35 (CH,
Jrh,c= 14 Hz), 90.07 (C), 110.10 (Qrn,c= 14 Hz); MS(FD)m/z440 (M
+ —CO).

(19) Analytical Data of 8: IH NMR (300 MHz, CDC}) 6 1.35 (s, 9H),
1.48 (s, 9H), 1.6-:3.05 (m, 12H), 5.31 (s, 1H), 5.52 (s, 1H), 5.86 (s, 1H);
13C NMR (75 MHz, CDC}) 6 22.19 (CH), 22.79 (CH), 24.56 (CH),
25.94 (CH), 31.59 (CH), 33.50 (C), 33.70 (CH), 33.92 (C), 42.52 (C}h),
44.73 (Ch), 78.64 (C,Jrnc = 8.3 Hz), 86.95 (CHJrnc= 6.2 Hz), 88.55
(C, Jrnc = 8.3 Hz), 90.69 (CHJrnc = 8.3 Hz), 91.56 (CHJrnc = 4.8
Hz), 93.97 (CJrnc= 5.5 Hz), 95.99 (CJrn,c= 5.5 Hz), 104.34 (CJrn,c
= 9.0 Hz), 107.42 (CJrn,c= 15 Hz), 162.99 (CO); HRMS (FAB) calcd
for C24H340Rh (M + H) 441.1665, found 441.1627.

(20) Analytical data for the mixture of 8, 9, and 10: 'H NMR (500
MHz, CDCE, signals of8 are omitted)o 1.37, 1.38, 1.62.9, 5.04, 5.15,
5.50;13C NMR (125 MHz, CDC4, signals of8 are omitted)) 17.89 (CH),
21.65 (CH), 23.14 (CH), 23.63 (CH), 30.99 (CH}), 32.22 (C), 33.11 (C),
34.92 (CH), 35.87 (CH), 39.80 (CH), 78.14 (C,Jrnc = 8.5 Hz), 82.78
(CH, Jrn,c = 5.7 Hz), 85.03 (CHJrn,c = 7.5 Hz), 89.67 (CJrnc = 10
Hz), 93.03 (CH,Jrn,c = 4.7 Hz), 96.25 (CJrnc = 6.6 Hz), 97.66 (CH,
JRh,C = 6.6 HZ), 99.31 (C,]thc =57 HZ), 101.90 (CJRh,c =10 HZ),
109.21 (C,Jrn,c = 10 Hz), 158.24 (CO), 167.28 (CO); HRMS (FAB+)
calcd for G4H340Rh (M + H) 441.1665, found 441.1632.
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Figure 2. ORTEP drawing of9 (50% probability thermal el-
lipsoids).

Rh—C distance for the cyclopentadienyl ligand is 2.175 A
and for the cyclopentadienone unit 2.122 A. With an
interplanar angle of 971 the rings are more inclined toward

each other (Figure 2).
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In conclusion, we were able to show that two alkyne units
tethered to a CpCo(C@Jragment can be thermolyzed at
190 °C to yield, as the main product, a CpCo-stabilized
cyclopentadienone ring, whereas at 12D only a CpCo-
stabilized cyclobutadiene unit is generated. If two alkyne
units are tethered to a CpRh(CQ)nit the thermolysis to
the corresponding CpRh-stabilized cyclopentadienone takes
place at 16C0°C.

Supporting Information Available: Synthetic procedures
for 4—10and crystallographic data f&and9. *H and*3C
NMR spectra for8—10. This material is available free of
charge via the Internet at http://pubs.acs.org.

0OL026287H

(21) Crystal structure determination for 8: CysH3sORh; MW =
440.41; yellow; needle; orthorhombic; space gr&#2,2;; a = 11.0586-
(1) A; b=11.5946(1) A;c = 15.3264(1) AV = 1965.15(3) &; Z = 4;
T = 200(2) K; dcaica = 1.489 g/cnd; F(000) = 920; u = 0.879 mm};
20 385 reflections collected; 4495 independent reflectitis € 0.0306);
4284 reflections observed ¢ 20(1)); R(F) = 0.019;R(F) = 0.043;S
(GOF) onF2 = 1.06. (Ap)ax= 0.39 e/&; (Ap)min = —0.44 e/R. Crystal
structure determination for 9: Cy4H330Rh; MW = 440.41; brownish;
polyhedron; monoclinic; space groBg;/c, a= 13.6091(5) Ab = 11.3557-
(4)A; c = 13.8620(6) A5 = 110.874(1)°V = 2001.64(13) &, Z=4;T
=200(2) K;dcaica= 1.461 g/cnd; F(000)= 920;u4 = 0.863 mnT%; 20 364
reflections collected; 4585 independent reflectioRg: (= 0.0829); 3039
reflections observed (+ 20(1)); R(F) = 0.040;R(F) = 0.067; S (GOF)
onF2 = 1.00. (Aphax = 0.71 e/B; (Ap)min = —0.51 elR.
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