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2.8-3.1 A ) 6 1 4 cannot be discerned on the basis of the X-ray 
data. That the description of this disorder is inadequate pre
sumably leads to the somewhat high ./? index. 

It is possible to resolve the problem of oxidation states by 
other means. The Raman spectra of Ni(dpg)2l and 
Pd(dpg)2I (observed spinning with both Ar + and Kr+ exci
tation) exhibit intense emissions at 160(vs) and 107(m) 
cm"1 . The bands are characteristic of C3 and v\ for I 3 - com
pounds,15'16 and are not observed in the unoxidized com
plexes. There is no indication of h (^i 1 * 200-212 
cm - 1) .5-1 7 Furthermore, 129I Mossbauer spectra of 
Ni(dpg)2 129I, to be discussed in detail elsewhere,18 exhibit 
isomer shift and quadrupole splitting parameters which are 
in agreement with those of known I 3 - compounds,19 and are 
incompatible with I - or I2.19 '20 

These results demonstrate that all members of the Ni, 
Pd, Pt group can form mixed valence compounds with the 
partial formal oxidation state of +2.3, that this can occur 
without metal-metal contacts as close as in the Krogmann 
salt, and that this can, in some cases, occur with ligands 
which are readily functionalized. Though the importance of 
the iodine chains for electron transport is not clear at pres
ent, the possibility that polyiodide chains themselves may 
represent a rational approach to the construction of electri
cally, magnetically, and optically one-dimensional materials 
merits further investigation. 
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Reaction of a Diphenylacetylene Complex of Cobalt with 
Isocyanide. A Novel Metalloring Formation 

Sir: 

Recently, metallocycles are drawing much attention for 
their important role both in catalytic and stoichiometric 
reactions.1 

In this communication, we wish to report the synthesis of 
a series of cobalt metallocycles, which closely relates to the 
formation of diiminocyclobutenes and triiminocyclopen-
tenes from isocyanide complexes of Ni and Co.2 

One millimole of x-cyclopentadienyl-7r-diphenyla-
cetylenetriphenylphosphinecobalt3 (1) reacted smoothly at 
25° with 2 mmol of phenylisocyanide to give an air-stable 
orange crystalline compound with empirical formula 
C5H5Co(PhC2Ph)(PhNC)2 (2a). Similar compounds were 
obtained with 4-methylphenyl-, 2,6-dimethylphenyl-, and 
/er?-butylisocyanide. The ir spectra of all of these com
pounds exhibit strong absorptions near 1700 cm - 1 indicat
ing the presence of exo-C=N double bonds in a strained 
ring.4 From ir and NMR spectra, and the formalism of the 
inert gas rule, a structure has been suggested. A diimino-
cobaltacyclopentene ring with the C = C double bond coor
dinated to the central cobalt atom is proposed. The suggest
ed structure was confirmed by X-ray crystallography. 

Compound 2a crystallized in space group Cc with unit 
cell dimensions a = 19.756 A, b = 10.904 A, c = 12.986 A, 
and f3 = 114.43°; there are four molecules per unit cell. In
tensity data were collected using monochromatic Mo Ka 
radiation on a Rigaku four-circle automatic diffractometer 
operating in the a>-2B scan mode up to 29 < 60°. Using 
2741 independent reflections (>3<r), the structure was 
solved by the Patterson and Fourier methods and refined by 
block-matrix least-squares calculations to a discrepancy 
index of R = 0.058. The locations of all 25 hydrogen atoms 
were determined. As shown in Figure 1, the cobaltacyclo-
pentene ring is highly bent to enable coordination of the 
double bond. The relevent bond lengths and angles are: Co-
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Scheme I 

Figure 1. The molecular geometry of C5H5Co[CPhC2Ph)(PhNC)2] 
(2a). 

C(I ) , 1.853 (8); Co-C(2), 2.020 (8); Co-C(3), 2.019 (7); 
Co-C(4), 1.837 (6); C( l ) -C(2) , 1.441 (10); C(2)-C(3) 
1.419 (10); C(3)-C(4) 1.437 (9); C ( I ) - N ( I ) , 1.250 (11); 
C(4)-N(2) , 1.254 (7) A; Co-C( l ) -C(2) , 74.50 (41); Co-
C(4)-C(3), 75.04(42)°. 

When the molar ratio of phenylisocyanide to 7r-cyclopen-
tadienyl-7r-diphenylacetylenetriphenylphosphinecobalt (1) 
is less than two, the products include 2a plus an air-stable 
red-brown crystalline compound with empirical formula 
C5H5Co(PPh3)(PhC2Ph)(PhNC) (3). Addition of excess 
triphenylphosphine to the initial reaction mixture gives a 
higher yield of 3. Since the ir spectrum of 3 did not show 
the characteristic absorptions of coordinated diphenylac-
etylene (~1818 cm - 1 ) and coordinated isocyanide (~2100 
c m - 1 ) , the structure, Tr-cyclopentadienyltriphenylphos-
phine(2-phenylimino-3,4-diphenylcobaltacyclobutene) was 
assigned to 3. Compound 3 reacted with phenylisocyanide 
very slowly at room temperature suggesting that the forma
tion of 3 is not a direct pathway to 2a. 

Compound 2c reacted with an excess of 2,6-dimethyl-
phenylisocyanide at room temperature to give an air stable 
orange crystalline compound with empirical formula 
C5H5Co(PhC2Ph)(2,6-Me2C6H3NC)3 (4c). The ir spec
trum of 4c does not show C = N stretching absorptions near 
1700 cm - 1 , but did show these absorptions at 1605 and 
1582 c m - 1 . These facts indicate a release of the strain in 
the cobaltacyclopentene ring which existed in 2c. An ab
sorption at 2125 c m - 1 showed the presence of coordinated 
isocyanide. Therefore, 4c was identified as 7r-cyclopentadi-
enyl-2,6-dimethylphenylisocyanide [2,5-bis(2,6-dimethyl-
phenylimino)3,4-diphenylcobaltacyclopentene]. Compound 
4c reacts further with 2,6-dimethylphenylisocyanide or car
bon monoxide at 130° to give tris(2,6-dimethylphenylimi-
no)diphenylcyelopentene (5). The reactions to form analo
gous compounds (4a and 4b) from 2a and 2b are markedly 
slower than the formation of 4c. This difference may be ex
plained by weaker coordination of the double bond to the 
cobalt in 2c, as compared to 2a and 2b. Differences in the 
strength of the 

Co-
C 

C 
bond may be due to the steric hindrance of the ortho-methyl 
groups of the 2,6-dimethylphenylimino moieties. The for
mation of the te/-/-butylisocyanide analog of 4 could not be 
detected. The electronic effect of the tert-buty\ groups may 
be responsible for this. In this regard it is of interest that 2b 
reacted with carbon monoxide under pressure to give 7r-cy-
clopentadienylcarbonyl[2,5-bis(4-methylphenylimino)-3,4-. 
diphenylcobaltacyclopentene] at 80° and 2,5-bis(4-methyl-
phenylmino)-3,4-diphenylcyclopentenone at 140°, whereas 
2d reacted with carbon monoxide or ?er?-butylisocyanide to 
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give only bis(?err-butylimino)diphenylcyclobutene (isolated 
as diphenylcyclobutenedione). 

In an attempt to prepare 5 catalytically, a benzene solu
tion of diphenylacetylene and 2,5-dimethylphenylisocyanide 
was heated at 140° in the presence of 1. The yield of 5 was 
only slightly better than that expected from stoichiometry 
(103% based on 1). 

Scheme I summarizes all of these results together with 
some speculations on the mechanism. The first step may in
volve replacement of triphenylphosphine with isocyanide, 
followed by competitive attack of isocyanide and triphenyl
phosphine (steps a and b). The main route to 2 is attack by 
isocyanide (step a) because firstly 3 was obtained in only a 
low yield in the reaction of 1 with isocyanide and, secondly, 
the reaction 3 —* 2 was much slower than 1 —* 2. The driv
ing force of the next step (reaction c) may be the intramo
lecular coordination of the C=C double bond to the cobalt. 
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Spin Echo Double Resonance Detection of Deuterium 
Quadrupole Resonance Transitions in DMn(CO)S1 

Sir: 

Hydride compounds of the transition metals form an im
portant class of substances.2 Aside from the intrinsic inter
est which attaches to an understanding of the nature of the 
metal-hydrogen bond, the fact that many transition metal 
hydrides are important in catalysis provides an additional 
incentive for their study. The number of physical studies 
which shed light on metal-hydrogen bonding is rather limit
ed. Although bond distance data have become more abun
dant in recent years,2-4 information on the electronic struc
tural characteristics of the bond is not plentiful. We report 
here a direct determination of the quadrupole coupling con
stant at deuterium in solid DMn(CO)5 by use of the nuclear 
spin echo double resonance (SEDOR) technique. The ex
periment provides not only the quadrupole coupling con
stant at deuterium but in addition gives a direct measure of 
the Mn-D bond distance with an accuracy comparable to 
that obtainable from a diffraction experiment. 

The pure nuclear quadrupole resonance (NQR) transi
tions at 77°K for 55Mn (/ = 5/2) in DMn(CO)5 occur at 
13.683 MHz (±3/2 — ±5/2) and 6.890 MHz (±'/2 — ±3/2)-5 

From these results we calculate a quadrupole coupling con
stant of 45.66 MHz, and asymmetry parameter r; of 0.07. 
Employing a pulse spectrometer at zero magnetic field, nu
clear spin echo signals resulting from these transitions are 
readily observable following a 90-180° pulse sequence. The 
deuterium pure quadrupole transitions are excited by appli
cation of a 180° pulse via a B channel, low frequency trans
mitter, using a second orthogonal coil. The double reso
nance experiment is carried out by monitoring the 55Mn 
spin echo amplitude, while sweeping the B channel in fre
quency. When the B channel transmitter passes through the 
low frequency D quadrupole resonances, the altered dipolar 
coupling is observed as a change in 55Mn spin echo ampli
tude. Figure 1 shows the double resonance spectra obtained 
from the change in spin echo amplitude for both (a) upper 
and (b) lower Mn transitions. 

The centers of the doublet occur at 51.05 kHz in both 
transitions. The splitting observed is ascribable entirely to 
dipolar coupling, so there is a single deuterium transition; 
i.e., the asymmetry parameter y\ is approximately zero. The 
frequency of the observed transition corresponds to a qua
drupole coupling constant of 68.07 kHz. This is by far the 
lowest deuterium quadrupole coupling constant ever ob
served in a direct, zero magnetic field experiment.6 

The crystal structure of HMn(CO)5 has been determined 
by both X-ray and neutron diffraction techniques.3'4 The 
packing of molecules in the structure is such that the dipo
lar interaction between the Mn and D pair within a given 
molecule is much greater than that of either nucleus with 
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Figure 1. SEDOR spectrum of 2D in DMn(CO)5: (a) ±% — ±% 55Mn 
transition; (b) ±'£ -» ±3/2

 55Mn transition. 

any other nucleus on an adjacent molecule. It is thus per
missible to treat the Mn-D spin systems as isolated pairs. 

Application of the 90-180° pulse sequence at a radiofre-
quency corresponding to the higher 55Mn quadrupole tran
sition causes a mixing of the 5/2 and 3Z2 spin states of the 
same sign. Since spin-lattice relaxation is slow (T\ ~ 0.3 
sec) on the time scale in which the spin echo is observed, the 
dipolar coupling between D and 55Mn following the 90° 
pulse (the 180° pulse does not change the magnitudes of 
mixing coefficients, only their signs) corresponds to the av
erage value of the 5 5 Mn-D couplings appropriate to Mn in 
the 5/2 and 3/2 spin states, i.e. 

where 

M̂n = ,/?(**m + *0±Cm-l>)> »' = V2- V2 
Ml (1) 

lpD = 0„, k = ± 1 , 0 

Kd d = " y " f f l g 2 (3 cos2 9 - 1 ) W „ D 

The label dd refers to the dipolar interaction, and m and k 
refer to the spin states of the Mn and D nuclei, respectively. 
The angle 8 is that between the principal field gradient axes 
of Mn and D, and 3Cdd is the portion of the complete dipo
lar coupling Hamiltonian appropriate for heteronuclear 
coupling.10 

Application of the 90-180° pulse sequence at the fre
quency of the lower transition similarly mixes the V2 and 3/2 

spin states of like sign. The dipolar splitting in the deuteri
um spectrum using the lower frequency Mn transition is 
calculated to be one-half that obtained using the higher fre
quency 55Mn transition, in agreement with the results 
shown in Figure 1. 

The only prior determinations of quadrupole coupling 
constants for deuterium bound to transition metals have 
been made by Wei and Fung,1 ' who observed the broadline 
NMR spectrum of D in high field for (C5H5)2MoD2 and 
(C5H5J2WD2 . From the line shape it is possible to deduce 
the quadrupole coupling contant, but the experiment is not 
very precise, especially if rj is much different from 0. The 
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