
G. Schroder, H. Butenschon, R. Boese, T. Lendvai, A. de Meijere 2423 

q4-Complexes of 4,7-Dihydroacepentalene: Facile Degenerate Haptotropic 
Rearrangement of (q5-Cyclopentadieny1)(q4-4,7-dihydroacepentalene)cobalt(I) 
in Contrast to its Tricarbonyliron Counterpart 
Giinter Schroder", Holger Butenschon"', Roland Boeseb, Tomas Lendvai', and Armin de Meijere * ) * c  

Max-Planck-Institut fur Kohlenforschung", 
Kaiser-Wilhelm-Platz 1, W-4330 Mulheim an der Ruhr 1, Federal Republic of Germany 

Institut fur Anorganische Chemie der Universitat-GH Essenb, 
UniversitatsstraBe 3 - 5, W-4300 Essen, Federal Republic of Germany 

Institut fur Organische Chemie der Universitat Hamburg', 
Martin-Luther-King-Platz 6, W-2000 Hamburg 13, Federal Republic of Germany 

Received May 18, 1991 

Key Words: Acepentalene, 4,7-dihydro-, complexes / Degenerate haptotropic rearrangement / Cobalt complexes / 
Iron complexes 

~ 

The (cyclopentadienyl)cobalt(I) complex 4 of the 4,Tdihydro- 
acepentalene * +) derivative 2b has been prepared by the re- 
action of the ligand with (cyclopentadienyl)bis(ethene)cobalt(I). 
NOE experiments indicate a complexation at the convex face 
of the polyolefinic ligand. 'H-NMR spectra establish a degen- 
erate haptotropic rearrangement with CpCo migration from 

one diene unit to the adjacent one. The activation energy of 
this process is estimated to be  15 kcal/mol. An X-ray crystal 
structure determination of (q4-4,?-dihydroacepenta1ene)tricar- 
bonyliron derivative 3 a shows a distorted coordination of 
Fe(C0)3 at the convex face of the ligand, too. 

Haptotropic rearrangements of cyclic as well as linear 
polyolefin metal complexes have been investigated for some 
time'). Recently, Vollhardt et al.*) have reported on the de- 
generate haptotropic rearrangement of the ($-cyclopentadi- 
enyl)cobalt(I) (CpCo) complex of an q4-coordinated linear 
1,3,5-hexatriene. The activation energy of 25.6 k 1.2 kcal/ 
mol has been found to be 5 - 8 kcal/mol smaller than for 
the corresponding tricarbonyliron [Fe(CO)J complex. For 
the CpCo complex of acepentalene (1) Hofrnann et al.3) have 
calculated a degenerate haptotropic rearrangement of the 
CpCo fragment from one ring to another to occur with an 
activation energy of about 25 kcal/mol. As a model for the 
cross-conjugated polyolefinic system present in acepentalene 
(1) and its complexes, 4,7-dihydroacepentalenes Z4) have 
been prepared with the intention to observe a degenerate 
haptotropic rearrangement on the cross-conjugated triene 
unit. However, the Fe(C0)3 complex 3a does not show a 
fluxionality up to 150"C5). 

As the propensity to migration appeared to be higher for 
CpCo complexes than for their Fe(CO)3 analogues'), it 
seemed reasonable to use the CpCo complex of a tetraene 
2. In this paper we report on the first degenerate haptotropic 
rearrangement on a coordinated cross-conjugated triene 

+) New address: Institut fur Organische Chemie, Georg-August- 
Universitat Giittingen, TammannstraDe 2, W-3400 Gottingen, 
Federal Republic of Germany. 

* * I  The numbering of the ring system corresponds to thc tricyclo- 
decatetraene nomenclature used in the Exp. Part. Thus, 4,7- 
substitution would be 2a,4a-substitution in acepentalene num- 
bering. 

unit and on the first crystal structure determination of a 
dihydroacepentalene complex. 

a: N b  = N'J 

b NRZ = NEb 

The CpCo complex of the bis(diethy1amino)tetraene 2 b is 
obtained by reaction of 2b with C P C O ( C ~ H ~ ) ~ ~ )  as a dark 
brown oil in 54% yield. 4 has been identified on the basis 
of its spectroscopic data, and the molecular formula has 
been established by high-resolution mass spectrometry. A 
difference NOE experiment shows a n  interaction between 
the Cp and the methyl protons, indicating the CpCo frag- 
ment to be attached to the exo face of the convex triene 
ligand as the diethylamino groups. 

2b 
cocp 

4 
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The ‘H-NMR spectrum of CpCo complex 4 is tempera- 
ture-dependent. At 253 K the spectrum (80 MHz, [DR]- 
toluene) is rather similar to that of the corresponding 
Fe(C0)3 complex 3 b5). With increasing temperature an ex- 
change phenomenon is observed. The chemical shift differ- 
ence of 5-H and 6-H (AB line system) becomes smaller, and 
the signals finally coalesce. Similarly, the signals assigned to 
the methyl protons are clearly resolved triplets at 253 K and 
coalesce with rising temperature. At 333 K a rather simple 
spectrum is observed, which does not yet show the signals 
of 2(9)-H and 3(8)-H. At 373 K signals assignable to the 
latter protons appear; however, the quality of the spectrum 
suffers from the beginning thermal decomposition of the 
complex. Cooling below the coalescence temperature recon- 
stitutes the original spectrum. 

These observations indicate a degenerate haptotropic re- 
arrangement of complex 4, in which the CpCo fragment 
changes its place from one diene unit to the adjacent one. 
From the coalescence temperature of the signals assigned to 
the methyl protons (298 K) and the chemical shift difference 
the activation energy of the process has been estimated to 
be 15 kcal/mo17). The coalescence temperature of 5-H and 
6-H (298 K) leads to a similar value for the activation en- 
ergy; however, the chemical shift difference for 5-H and 6- 
H below the coalescence temperature (A8 = 0.12) is within 
the range of the normal temperature dependence of the 
chemical shift. Therefore, the value calculated from the 
methyl resonance signals (A6 = 0.32) appears to be more 
reliable. The same results are obtained by measurements of 
the ‘H-NMR spectrum in [D,]tetrahydrofuran instead of 
[ D8] toluene. 

Haptotropic rearrangements, in which a metal atom mi- 
grates from one ring to an adjacent one, have been used to 
explain the course of some reactionsR) and have been the 
subject of theoretical studies’). So far, only a few systems are 
known, for which such a rearrangement has been proved 
by experiment ’,lo). (Naphtha1ene)tricarbonylchromium and 
some of its derivatives are so far the only systems, for which 
a degenerate rearrangement of this kind has been detected lo). 

However, in these cases it has been necessary to break the 
molecular symmetry by substitution with deuterium or 
other groups for the detection of the rearrangement. In con- 
trast, 4 is the first system, which allows direct monitoring 
of a degenerate haptotropic rearrangement by NMR spec- 
troscopy. 

For degenerate haptotropic rearrangements in (naphthal- 
ene)tricarbonylchromium systems activation energies of 
about 30 kcal/mol have been predicted by calculations 3b) 

and determined experimentally”); this value is considerably 
higher than that for 4. According to calculations of Albright 

et al. 3b), the Cr(C0)3 fragment in (naphthalene)tricarbonyl- 
chromium(0) does not migrate directly from one ring to the 
other, but takes a more complicated route which involves 
almost complete dissociation from the ligand. In contrast to 
naphthalene, the ligand of 4 contains a cross-conjugated sys- 
tem of two anellated cyclopentadiene rings”), the central 
double bond of which suffers from a symmetric out-of-plane 
bending (oop bending) 12). 

5 6 

If one assumes an intramolecular rearrangement, the 
mechanism of the degenerate haptotropic rearrangement of 
4 might involve a 16-e species like 5 or a diradical 18-e 
species like 6 as an intermediate or a transition state. While 
6 would be a coordinatively saturated trimethylenemethane 
complex, the 16-e compound 5 might be stabilized to some 
extent by interaction with the lone pairs of the amino 
groups. However, a differentiation between 5 and 6 would 
refer to the position of the CpCo fragment relative to the 
bond C(1)-C(lO), and there is no obvious criterion to decide 
which description of the intermediate or transition state is 
more correct. 

At a first glance, a complete decomplexation of the ligand 
from CpCo followed by recomplexation of either one of the 
two diene units may appear as a possible alternative. How- 
ever, such a decomplexation should take place stepwise. The 
less strained double bond C(2) - C(3) should be decomplexed 
first j3), and this would lead to the proposed intermediate 5. 
As this process should be reversible, the complete decom- 
plexation of the polyolefinic ligand does not seem very likely. 
If a complete.decomplexation occured, 5 should be an in- 
termediate in the subsequent recomplexation, too. The com- 
plete decomplexation would therefore be a detour without 
any obvious reason. In addition, formation of CpCo clusters 
was not observed, although these should be formed from 
intervening of decomplexed CpCo fragments. Finally, 
Bonnemann14) showed that a decomplexation of diolefinic 
ligands of CpCo complexes usually occurs at significantly 
higher temperatures than that of the process observed here. 
With regard to the suggestion of Vollhardt’) we note that a 
“walk” mechanism is impossible in cross-conjugated sys- 
tems like 4. 

There are at least two reasons, why the activation energy 
for the degenerate haptotropic rearrangement in 4 should 
be so much smaller than for (naphtha1ene)tricarbonylchrom- 
ium (30 kcal/mol) and for the CpCo complex of a linear 
1,3,5-hexatriene (25.6 kcal/mol). On the one hand, due to 
the symmetric oop bending, 4 is a strained species of rather 
high energy”), and on the other hand, an intermediate or 
transition state like 5 or 6 should clearly be less strained, 
thus lower in energy. Both effects would lead to a decrease 
in activation energy. 
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A confirmation of the hypothesis that a l,10-q2-coordi- 
nated 4,7-dihydroacepentalene should be favoured over a 
2,3-q2-coordinated one, has been found earlier, when com- 
plexes 3 were reduced with sodium metal to the correspond- 
ing (1,lO-q2-4,7-dihydroacepentalene)ferrates( - II)5). To test, 
whether the corresponding CpCo complex reacts in an anal- 
ogous manner, 4 has been treated with sodium metal in 
[DJtetrahydrofuran under ESR and NMR control. After 
6 d and 19 h an ESR spectrum is obtained, which shows a 
signal at g = 2.1444 ( A V ~ , ~  = 150 G) indicating the for- 
mation of a radical anion 5'- with considerable electron 
density on the metal atom. Further exposure to sodium re- 
sults in NMR spectra of poor quality, finally resulting in a 
broad singlet at 6 = 5.7. 

ie(CO), 
3b 

is(CO),PPh, 
7 

Due to the lack of proton-bearing ligands at the iron 
atom, it has previously been impossible to assign the posi- 
tion of the Fe(C0)3 group in complexes 3 in a similar manner 
as for the CpCo analogue 4. To facilitate an NOE 'H-NMR 
experiment, a triphenylphosphane ligand has been intro- 
duced into complex 3b by a photochemically induced ligand 
exchange reaction. The (tripheny1phosphane)dicarbonyliron 
complex 7 is obtained in 44% yield and was subjected to 

Fig. 1. Crystal structure of 3a15). Selected bond lengths [A]: 
Fe - C(1) 2.060(7). Fe - Cf2) 2.094(7). Fe - c(3) 2.1 89(6). Fe - C(10) 
2.097(6),' C(I) 4 2 )  I .402(7), ciij- c(9) ' i h ( 8 ) ;  'C(I) - c(ioj 
1.450(6), C(2)-C(3) 1.424(7), C(3)-C(4) 1.537(6), C(4)-C(5) 
3.542110). C(4)-CfIO) 1.498f61. Cf4)-N(l) 1.476(7). C(5)-C(6) 

gles [ '  j: C(I ) - c(2) - c(3 j . 1053(4), . c( 1) - c( 10) - c(4) io7.2(4), 
C(l) -C(lO)- C(7) 103.5(4), C(2) - C(1) - C(9) 139.8(5), C(2)- C( 1) - 
C(10) 108.2(4), C(2)-C(3) - C(4) 109.7(4), C(3)-C(4) - C(10) 95.2(4), 

C(4)- C( lO)-C(7) 11 3.7(5), C(9) -C(l) - C(10) 110.3(4), 

Table 1. Atomic coordinatcs [A x lo4] and equivalent isotropic 
displacement factors [A2 x lo3] for 3a. * Equivalent isotropic U 
defined as one third of thc trace of the orthogonalized U, tensor 

X 2 Y "eq 

1129( 1 ) 
4766( 5) 

265(5) 
4187(5) 

-331 (5)  

3418(5) 
-167(6) 

-548(7) 
1079(6) 
2362(6) 
2046(6) 
1879(6) 
1869(6) 

51(7) 
-1 066( 7) 
1717(6) 
3380(7) 
207(6) 
605(7) 

552316) 
7288(6) 
7867(6) 
6424( 6 ) 
4663(6) 
3717(7) 
5507( 7) 
5659(8) 
5225(7) 

3438(7) 

9178(1) 
8925(4) 

12448(4) 
8266( 4) 
7572(4) 
4272(4) 
7973(6) 
9364(6) 
9297( 6) 
7625( 5) 
6498(6) 
5336 ( 6) 
5427(5) 
5546(7) 
6993(6) 
71 18( 5) 
8977( 5) 

11176(6) 
8639(6) 
6179(5) 
6355(6) 
6715(6) 
8076 ( 6 ) 
7873(6) 
2692( 6) 
1643(6) 
1751(6) 
3403(6) 
4437(6) 

2758(1) 
2635(3) 
2641 (3) 
4939(3) 
1033(3) 
31 86( 3) 
2558(4) 
1836(4) 
1214(4) 
1329(4) 
943(4) 

1677(4) 
2733(4) 
3366( 4) 
3256( 4) 
2408(3) 
2634(4) 
2687( 4) 
4089 ( 4) 
1519(4) 

164(4) 
1281(4) 

-364(4) 
-63(4) 

3233(4) 

4542(4) 
4523( 5) 
4162(4) 

3537(4) 

24( 1 )* 
39(2)* 
47(2)* 
44(2)* 
23(2)* 
26(2)* 
27(2)* 

30(2)* 
28(2)* 
24(2)* 
26(2)* 
27(2)* 
25(2)* 
30(3)* 
32(3)* 
22(2)* 
27(2)* 
32(3)* 
30(2)* 
25(2)* 
29(2)* 
29(2)* 
30(2)* 
27(2)* 
33(2)* 

41 (3)* 

29(2)* 

37( 3)* 

39(3)* 

~ ~ ~ _ _ _ _  ~ ~~ 

NOE measurements. In  contrast to what has been expected 
for an arrangement with the Ph3P(C0)2Fe group on the 
same convex side as the Et2N groups, no NOE is observed 
between the ortho protons of the PPh, ligand and those of 
the diethylamino groups. This leaves open the possibility of 
the Ph3P(C0)*Fe and Fe(COh group in 7 and 3, respectively, 
being attached on the concave side of the tricyclic ligand, 
i.e. opposite to the diethylamino groups. Such negative ev- 
idence like a non-observable NOE, however, has to be in- 
terpreted with great care. 

A single crystal X-ray analysis of 3a has established the 
structure as presented in Figure 1 with the tricarbonyliron 
fragment on the convex face of the tricyclic ligand. It shows 
the same orientation in iron complexes of type 3 and the 
cobalt complex 4. Atomic coordinates are given in Table 1. 

The structure shows a distorted coordination of the ole- 
finic ligand to the tricarbonyliron unit. This is documented 
by significant deviations from the usual structural charac- 
teristics of (diene)tricarbonyliron complexes 16). 

Usually, the Fe - Cdlcnc bond lengths in these complexes 
are 2.03-2.08 A for the inner and 2.10-2.16 A for the 
outer carbon atomsi6). In 3a the bond Fe-C(10) is rather 
short [2.097(6) A], Fe-C(3) is rather long [2.189(6) A], and 
Fe-C(2) also is rather long [2.094(7) A]. This indicates the 
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tricarbonyliron unit to be located much closer to the bond 
C(l) - C(10) than to the bond C(2)- C(3). In accord with 
this, the bond C(l)-C(IO) [1.450(6) A] is longer than the 
bond C(2)-C(3) [1.424(7) A] with a standard range of 
1.394- 1.434 A'6). The coordination of the double bond 
C(1)-C(10) seems to be stronger than that of C(2)-C(3), 
giving C(1)-C(10) more single bond character than 
C(2) - C(3). The weaker coordination of the double bond 
C(2) - C(3) is in accord with the experimental finding, that 
upon reduction with sodium the double bond C(2) - C(3) is 
selectively decomplexed with formation of a q2 coordination 
at the double bond C(l)-C(10)5). 

Another remarkable feature is that the single bond 
C(7)-C(10) is much longer [1.556(8) A] than the bond 
C(4)-C(10) [1.498(6) A]. The bond length C(4)-C(10) in 
3a compares well with the corresponding value in 8, the 
only uncomplexed 4,7-dihydroacepentalene derivative with 
known molecular structure "I. In contrast, the bond length 
C(7) -C(lO) in 3a is remarkably similar to the correspond- 
ing bond length in triquinacene (1.558 A)''). 

SiMe, 
8 

The convex shape of the system makes it likely that a 
partial planarisation of the carbon skeleton occurs upon 
coordination of the diene unit to a metal. This would bend 
the n-orbital lobes on the convex side of the ligand closer 
together, which is necessary for an effective coordination. 
In addition, the symmetric oop bending in the ligand 12) 

would be reduced to some extent. One possible measure of 
the degree of oop bending are the interplanar angles c1 = 

C(l) - C(4) - C(l O)/C(l) - C(7) - C(10) and p = C(2) - C( 1) - 
C(lO)/C(9)-C(l)- C(10). In the uncomplexed derivative 8 
these are 01 = 136.9" and p = 147.6"''). Surprisingly, a 
planarisation in 3a relative to the structure of 8 is observed 
only at C(1): The interplanar angle in 3a  is p = 168.2'. In 
contrast, in 3a for C(10) an enhanced pyramidisation is 
found, the interplanar angle being a = 120.4". 

The deformation of the ligand in 3a becomes also clear 
by inspection of the dihedral angles along the central double 
bond. While the dihedral angle C(9) - C(l) - C(10) - C(4) is 
141.6" for 3a and 141.9" for 8, the dihedral angle 
C(2)-C(l)-C(lO)-C(7) is 147.6" for 3a and 142.6' for 8. 
Apparently, the bond C(7) - C(10) is not only unexpectedly 
long (vide supra), but also contributes more to the oop bend- 
ing in 3a than the bond C(4)-C(lO). 

Any structural comparison between compounds 3a and 
8 has to take into account, that the peripheral double bonds 
in 8, but not in 3a, are incorporated in aromatic delocalized 
TC systems. This presumably lengthens these bonds as com- 
pared to those in 3a, thus reducing the molecular strain. 

This work was supported by the Volkswugen-Stiftung as well as 
the Fonds der Chemischen Industrie. G. S. gratefully acknowledges 
a fellowship from the Max-Planck-Gesellschaft, and H. B. is in- 
debted to  the Verband der Chemischen Industrie for a Liebig stipend. 
We thank Dr. K. Hildenbrund, Max-Planck-Institut fur Strahlen- 
chemie, for the ESR measurement, 

Experimental 
All operations were performed under argon in flame dried re- 

action vessels. Solvents were dried and deoxygenated by stirring 
over NaAl(C,H,), and subsequent distillation. - 'H NMR: Bruker 
AM 200 (200.1 MHz), WP 80 (80 MHz). - 13C NMR: Bruker WM 
300 (75.46 MHz). Chemical shifts refer to &,,, = 0.00 according 
to the chemical shift of residual solvent signals. - ESR: Varian 
E-9 (X-Band). - IR  Nicolet 7199 FT-IR. - M S  Varian 311 A. - 
HRMS: Finnigan MAT 8230. 

Crystallisation of3a: In a Schlenk tube 43 mg (0.1 mmol) of 3a, 
which had been purified by column chromatography (15 g silica 
gel, column 25 x 2 cm, diethyl ether), was heated at 0.0005 mbar 
to 45°C for 2 h and then to 120'C. Sublimed 3a (30 mg, 70%) was 
transferred to a slim Schlenk tube and sublimed again at 90"C/ 
0.0005 mbar. Yellow crystals deposited on the inner wall of the 
tube, predominantly as single crystals (13 mg, 30%). 

Crystal Struclure Determinulion of 3a: Crystal dimensions 
0.09 x 0.05 x 0.03 mm3, measured on a Nicolet R3m/V diffrac- 
tometer with Mo-K, radiation at 133 K. Cell dimensions, refined 
from the diffractometer angles of 29 centered reflections (3" I 2 0  
I lSo), u = 8.471(5), b = 9.985(7), c = 14.347(10) A, CI = 71.16(5), 
fi = 75.09(5), y = 64.77(4)", V = 1028.7(5) A3; 2 = 2, d,,, = 
1.402 g ~ r n - ~ ,  p = 0.76 mm-', triclinic, space group Pi, data col- 
lection of 2687 unique intensities (20 , , ,  = 45"), 2093 observed 
[Fo > 4o(F)], structure solution with direct methods and refine- 
ment with full matrix least squares (SHELXTL-PLUS, release 3.43), 
288 parameters, rigid groups for hydrogen atoms at the piperidine 
ring with common isotropic U values, the other hydrogen atomic 
positions were taken from a Fourier map and refined without con- 
straints. Anisotropic U values werc refined for all other atoms. R = 
0.047, R ,  = 0.048, w-' = (o*(FJ + 9.55 . . F:). Maximal 
residual electron density 0.435 c k 3 .  

{f ,2,3,10-~4-4.7-Bis(diethylamino) tricyclo[5.2. l .04 "]deca- 
1 (10),2,5,8-tetraene}(~s-cyclopentadieny6)cohult(I) (4): In a flame- 
dried reaction flask equipped with an argon inlet and a magnetic 
stirring bar, 200 mg (0.74 mmol) of 4,7-bis(diethylamino)-4,7-dihy- 
droacepentalene (2b)4' and 250 mg (1.38 mmol) of (cyclopentadi- 
enyl)bis(ethene)cobalt(I)6) were stirred in 10 ml of pentane at 
-78°C and are then allowed to warm to 25'C for 5 h. After 4 h 
of stirring at 2 5 T ,  the reaction mixture was chromatographed on 
silica gel (Kieselgel 60, 40-63 pm, 230-400 mesh ASTM, Merck, 
column 40 cm x 2 cm), which had been deactivated with a 1% 
solution of dimethylamine in diethyl ether followed by flushing with 
pentane. Elution with pentane yielded first some unreacted 2b, then 
with pentane/diethyl ether (10: 1) 4 was eluted. The solvent was 
evaporated into a cold trap at 150 mbar, and the residual dark 
brown oil was dried at 0.001 mbar. Yield 160 mg (54%) of 4. - IR 
(film): i, = 3096 cm-' (s, Cp), 3045 (m, =CH), 2963 (s), 2929 (m), 
2866 (m), 2812 (m), 1564 (s), 1452 (s), 1370 (m, Et-N), 1206 (s, 
Et-N), 1109 (m, Co-Cp), 1065 (s, Et-N), 1010 (m, Co-Cp), 799 
(s, Co-Cp). - 'H NMR (200 MHz, [D8]toluene, 223 K): 6 = 1.04 
(t, 6H, 2'-H), 1.36 (t, 6H, 2"-H), 2.20-3.25 (m, 8H, 1'-, 1"-H), 3.32 
(bs, 1 H, 3-H), 4.83 (bs, IH,  2-H), 4.87 (s, 5H, Cp-H), 5.53 (d, lH,  
6-H, 3J5,6 = 5.9 Hz), 5.65 (d, lH,  5-H), 6.34 (d, IH,  8-H, ' J 8 1  = 
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5.3 Hz), 6.64 (d, l H ,  9-H). - 'H NMR (80 MHz, 223 K, 
[D8]toluene): as at 200 MHz, but 3J2,3 = 2.6 Hz. - I3C NMR (75.46 
MHz, [D,]tetrahydrofuran, 223 K): 6 = 16.1 (q, C-2' or (2-2, 
'JC~H = 125 Hz), 17.8 (q, C-2' or C-2", 'Jc,H = 125 Hz), 45.5 (t, C- 
1' or C-1", 'Jc.H = 131 Hz), 48.3 (t, C-1' or C-I", IJc,H = 131 Hz, 
53.5 (s, C-lo), 67.8 (d, C-8 or C-9, 'Jc,rr = 168 Hz), 68.8 (d, C-8 or 
c-9, = 172 Hz), 80.0 (d, Cp, 'JcH = 175 Hz), 84.3 (s, C-4 or 
C-7), 87.5 (s, C-4 or C-7), 108.5 (s, C-l), 129.1 (d, C-5 or C-6, 'Jc,H = 
164 Hz), 136.1 (d, C-5 or C-6, lJc,H = 164 Hz), 140.6 (d, C-2 or C- 
3, 'Jc,H = 160 Hz), 145.1 (d, C-2 or C-3, 'Jy,H = 163 Hz). - MS 
(70 eV): m/z (%) = 394 (31) [M'], 368 (15) [M - C2H2], 365 (33) 
[M - C~HSI ,  339 (65) [M - C2H5 - C~HZ], 323 (26) [M - 
N(CzHs), + HI, 294 (100) [M - C2H5 - N(C2H& + HI, 128 (22), 
124 (21) [CoCp]. 

C23H31C~N2 Calcd. 394.18193 
Found 394.18209 & 0.0006(HRMS) 

Reduction of 4 with Sodium Metal: A solution of 20 mg (0.05 
mmol) of 4 in 1 ml of [DB]tetrahydrofuran was transferred to the 
lower part of a constricted NMR tube, and 4 cm of thin sodium 
wire were introduced into the upper part of the tube to reside above 
the constriction. The tube was sealed under vacuum, and the so- 
dium wire was activated by partial melting. A control 'H-NMR 
spectrum was taken before the reaction was started, then the so- 
lution was brought into contact with the sodium wire at -78°C. 
Frequent checks by 'H-NMR measurements showed a decrease in 
the resolution. After 6 d and 19 h an ESR spectrum was obtained. 
ESR (X Band): g = 2.1444 (AvI!* = 150 G). Then the reaction pro- 
ceeded rather slowly, and the tube was allowed to warm to room 
temp. After 4 months, the 'H-NMR spectrum showed a singlet at 
6 = 5.7 besides some signals assignable to ethyl groups. 

{1,2,3,f O-q4-4,7-Bisf diethylamino)tricycl0[5.2.1.0~~'~]Ideca- 
1(10~,2,5,8-tetraene~dicarbonyl(triphenylphosphane)iron(Oj (7): A 
solution of 100 mg (0.25 mmol) of 3b5) and 78 mg (0.3 mmol) of 
triphenylphosphane in 1 ml of THF was irradiated at 25°C for 5 h 
(Duran, 150 W Hg medium-pressure lamp). The solvent was evap- 
orated into a cold trap, and the residue was dissolved in pentane 
and subjected to column chromatography (silica gel, deactivated 
with a dilute solution of diethylamine in diethyl ether, then flushed 
with pentane, column 20 cm x 1 cm). Excess triphenylphosphane 
was first eluted with pentane, then 7 is eluted with pentaneldiethy1 
ether (1O:l). 68.3 mg (44%) of 7, yellow solid, m.p. 224°C. - IR 
(film): it = 1980 cm-' (s, CO), 1917 (s, CO). - 'H NMR (200 MHz, 
CDC13): 6 = 1.01 (m, 12H, 2'-, 2"-H), 2.00 (m, 2H, 1'-H), 2.32 (q, 
2H, 1'-H, 3J1,.2, = 6.9 Hz), 2.37 (dd, l H ,  3-H, 'JZ.3 = 3.1, J3,p = 
1.7 Hz), 2.67 (q, 4H, 2"-H, 3J1-,2- = 6.9 Hz), 4.45 (dd, I H ,  2-H, 
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616 (3) [M+ - CO]. 588 (15) [M+ - 2 CO], 354 (86) [M+ - 
CO - PPh,], 326 (50) [M' - 2 CO - PPhJ, 255 (100) [M' - 

Fe(C0)2PPh3 - CHJ. 
(&H4'FeN2P [M - 2 CO] Calcd. 588.2357 

Found 588.2441 0.008 (HRMS) 
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